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Male black-capped chickadees begin dawn chorusing earlier in response
to simulated territorial insertions
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Variation in the level of competition for mates and territories is likely to influence the behaviour of
competitors. The start of the dawn chorus in songbirds is influenced by a variety of internal factors
(e.g. circadian rhythms) and external factors (e.g. light levels, social cues). Here we investigate whether
the start time of the dawn chorus is influenced by the singing behaviour of conspecific competitors.
Using an Acoustic Location System, we recorded the dawn chorus in neighbourhoods of 5e10 black-
capped chickadees, Poecile atricapillus. We used playback to simulate an unfamiliar male performing
a dawn song bout within an existing male’s territory. Playback began 15 min before the earliest song
sung by any male on the preceding day. Focal males began singing a mean � SE of 4.3 � 1.6 min earlier on
the day of playback (time relative to sunrise), significantly earlier than on the previous day. We also
found a significant communication network level response where neighbouring males began singing
2.3 � 0.8 min earlier in response to playback. Dawn song bouts of males that received playback were
longer, but ended at a similar point relative to sunrise. As this effect of a simulated conspecific on chorus
start time is on the scale of only a few minutes, other factors probably play a significant role in shaping
the timing of dawn chorus onset. Our results show that animals adjust the timing of their sexual
communication in response to increased levels of competition.
� 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Whether or not signalling is worth while for an individual
depends on the situation and requires an assessment of the relative
costs and benefits. Some of the potential costs of signalling include
physiological costs (e.g. energy spent signalling: Hoback & Wagner
1997; Ward et al. 2003; or metabolic costs of producing vibrant
colour displays; Hill 2000), survival risk (e.g. bats preying upon
calling frogs; Tuttle & Ryan 1981) and conspecific aggression (e.g.
individuals expressing dominant signals are challenged more often;
Gil & Gahr 2002). The benefits of signalling may include mate
attraction (both announcing an individual’s presence to potential
mates; e.g. Eriksson & Wallin 1986; and indicating quality; e.g. Ryan
1980), kin survival (e.g. warning others that a predator is near; e.g.
Dunford 1977) and social status gain (e.g. asserting dominance over

rival individuals through visual or auditory cues: Thompson&Moore
1991; Mennill & Otter 2007). The balance of signalling costs and
benefits will shift frequently depending upon the environmental
(e.g. Leopold & Eynon 1961; Oseen &Wassersug 2002), physiological
(e.g. Hill 2000) and social setting (e.g. Brooke et al. 2000). Accurate
determination of when to signal can have great consequences for
survival (e.g. Tuttle & Ryan 1981) and reproduction (e.g. Otter et al.
1997; Schubert et al. 2007); thus, a flexible situation-dependent
strategy should be advantageous for short-term decisions (e.g.
acoustic signalling).

Animal choruses provide a valuable system to study the factors
that influence the timing of signalling, because choruses are common
to a diversity of taxa, are relatively well studied and are amenable to
experimentation in the field. Choruses are striking acoustic displays
with simultaneous signalling by many individuals. Although
choruses typically occur at dawn or dusk, there is considerable
interspecific and intraspecific variation in start times in a variety of
taxa including birds (e.g. Leopold & Eynon 1961; Luther 2008),
anurans (e.g. Brooke et al. 2000; Martins et al. 2006), insects (e.g.
Doolan & MacNally 1981; Sueur 2002) and mammals (e.g. Whitten
1982; Geissmann 2002). Why chorusing occurs at dawn and dusk is
not well understood, but both endogenous (circadian rhythms) and
exogenous (environmental and social) factors probably play an
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important role (reviewedby Staicer et al.1996). Recent evidence from
birds suggests that there is high heritability and considerable varia-
tion in circadian period length (Helm & Visser 2010).

Full understanding of behaviourswith circadian rhythms requires
study in a natural context. Research on circadian rhythms of behav-
iour has focused mostly on proximate mechanisms, including
molecular pathways (e.g. Rosato et al. 2006), neuro-hormonal path-
ways (e.g.Myers 2003) andmechanisticmodels (e.g. Saunders 2005).
The ecological context (Danks 2003) and ultimate adaptive value
(reviewed in Paranjpe & Sharma 2005) of these proximate mecha-
nisms are less commonly considered. Recent research has found that
circadian-influenced behaviours can be strongly influenced not only
by environmental cues but also by social cues (Levine et al. 2002;
Davidson & Menaker 2003). This suggests that the influence of
social factors on behaviours mediated by circadian rhythms is
complex and worthy of careful study.

Chorus behaviour can be affected by several environmental and
social factors. Wind and rain influence chorus timing in anurans
(Oseen & Wassersug 2002), insects (Barrientos-Lozano & Montes-
Torres 1997), birds (Leopold & Eynon 1961) and primates (Whitten
1982). Light levels also influence chorus timing for both dawn- and
dusk-singing species across a variety of taxa (Davis 1958; Leopold &
Eynon 1961; Crawford & Dadone 1979; Doolan & MacNally 1981;
Baker & Richardson 2006; Berg et al. 2006; Kempenaers et al.
2010). Research on the influence of social factors on chorus timing
has mostly focused on anurans and birds. In anurans, social factors
(e.g. number of individuals participating in the chorus) may explain
more variation in chorusing than environmental factors (Brooke et al.
2000;Wong et al. 2004). Eastern kingbirds, Tyrannus tyrannus, begin
dawn singing earlier when pair density is high andwhenmany birds
in the local population are fertile (Sexton et al. 2007). Variation in
start time is related to male quality in some species inwhich higher-
quality males (higher rank in black-capped chickadees, Poecile atri-
capillus; oldermales inblue tits,Cyanistes caeruleus) begin their dawn
song bout earlier than lower-quality males (Otter et al. 1997; Poesel
et al. 2006). Social factors may also contribute to whether males
sing at dawn (Liu 2004).

Recent studies demonstrate that the dawn chorus of birds
functions as a communication network, where multiple individuals
are involved in interactive communication (Burt & Vehrencamp
2005; Foote et al. 2010) and the frequency of interactions reflects
social relationships among males (Foote et al. 2008). The timing of
dawn song bouts varies consistently among individuals (e.g. Allard
1930; Armstrong 1955; Davis 1958; Fisler 1962; Otter et al. 1997),
but how this variation relates to social cues in communication
networks remains to be explored.

Song playback is commonly used to measure male responses to
conspecifics intruders (McGregor 1992). Most playback studies are
done during daytime singing, whereas playback experiments during
the dawn or dusk chorus are uncommon. Playback of choruses
advanced the start of the dusk chorus in Australian bladder cicadas,
Cystosoma saundersii (Doolan & MacNally 1981), and increased the
number of calling males in a tropical microhylid frog, Cophixalus
ornatus (Brooke et al. 2000). In great tits, Parusmajor, males increased
their song output in response to dawn playback (Weary et al. 1991),
while dawn song output of winter wrens, Troglodytes troglodytes,
increased the day after simulated intrusions in both the breeding and
nonbreeding seasons (Amrhein & Erne 2006; Erne & Amrhein 2009).

We used song playback to test whether the timing of the dawn
chorus is influenced by conspecific singing behaviour. To determine
whether dawn chorus start time has a social component, we
simulated an insertion (an unknownmale attempting to singwithin
an existing territory) that began 15 min before the first song
recorded on the preceding day. The area around the playback was
recorded with an Acoustic Location System (Mennill et al. 2006)

consisting of an arrayof simultaneously recordingmicrophones that
recorded multiple individuals and provided information about the
location of each singer. We predicted that if male black-capped
chickadees were sensitive to changes in the acoustic environment
before dawn, then they would begin singing earlier at dawn in
response to playback. This prediction is based on the assumption
that a strange male attempting to insert himself within an existing
territory represents a threat to the resident male’s likelihood of
successfully competing with neighbours or attracting mates,
causing the costebenefit balance to shift to greater benefits of
singing earlier in the day. Males that begin singing earlier in
response to a territorial threat may bemore successful in defending
their territory than males that do not. The simulated singer may be
perceived by territory holders as a high-quality male and, thus, the
benefit of early singing in response to this threat may outweigh
potential costs associated with early signalling. Given that our
previous work demonstrates that the dawn chorus functions as
a communication network in chickadees (Foote et al. 2008, 2010),
we predicted that the earlier-singing responsewould not be limited
to focal males but that neighbouring males would also begin chor-
using earlier. In addition, we examined changes in chorus length
and song output in response to playback at dawn.

METHODS

Study Area, Population and Recording Methods

We studied a banded population of black-capped chickadees at
Queen’s University Biology Station (44�340N, 76�190W), near King-
ston, Ontario, Canada from January to July, 2005e2007. Adult birds
were captured in winter using treadle-traps baited with sunflower
seeds. Birds were banded with a unique combination of three col-
oured bands and a numbered aluminium CanadianWildlife Service
band (N ¼ 149 birds in 2005, N ¼ 236 in 2006, N ¼ 61 in 2007).

We recorded the entire dawn chorus of black-capped chickadees
using a 16-microphone Acoustic Location System capable of
recording all males singing within the neighbourhood surrounding
playback and providing position information on each singing bird.
For a detailed description of the Acoustic Location System set-up,
see Mennill et al. (2006) and Fitzsimmons et al. (2008a). From
30 April to 14 May, 2005e2007, we recorded 15 chickadee neigh-
bourhoods of 5e10 territories. A neighbourhood consisted of
a cluster of breeding territories with males that were familiar with
each other from their previouswinterflocks and familiarwithmales
from nearby flocks. The recording area covered by the Acoustic
Location System was approximately 160 000 m2. The recording
period spanned the female fertile period, up to and including clutch
completion of most pairs. In each neighbourhood, we recorded for
2e3 days. The 2005 recordings were used as baseline recordings,
and the playback experiment was conducted in 2006e2007.

Playback Procedure

In 2006 and 2007, we used playback to simulate a singing male
black-capped chickadee attempting to insert himself into an existing
territory during the dawn chorus. We intended for this simulated
insertion to be perceived as a strange floater male singing a dawn
chorus much earlier than the focal male within the focal male’s
established territory boundaries. In our long-term study of this
population, we have detected floater males in our population each
year, particularly when birds have lost their breeding partner to
predation. Therefore, we consider this simulation to be a plausible
one. In each neighbourhood, we recorded an unmanipulated dawn
chorus on day 1 (also referred to as ‘preplayback’). We then con-
ducted two independent playback trials on days 2 and 3 at opposite
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ends of the recorded neighbourhood. On day 2, we presented play-
back to onemale on one edge of the recorded neighbourhood, and on
day 3,we presented playback to a differentmale on the opposite edge
of the recorded neighbourhood. These two males were not them-
selves neighbours, did not share neighbours, and could not hear the
playback at the opposite end of the recording area on the day they did
not receive playback (N¼ 20 playbacks). Given the size of the
neighbourhoods thatwe recordedwith theAcoustic LocationSystem,
playbacks performed at opposite sides of the Acoustic Location
System would have been heard by different groups of territorial
males. The two playbacks (day 2 and 3) in each neighbourhoodwere
considered independent, and presentation of two playbacks per
neighbourhood increased the number of playback trials that could be
performed each year. When possible, we selected males with an
established nest location such that they were likely to sing in the
same spot on the playback day as on the control day.Maleswere thus
chosen as playback subjects if they held a territory at the edge of the
array, and, when possible, if their female mate had started lining the
nest cavity in anticipation of egg laying (Smith 1991). The playback
speaker (Sony SRS-77G)was placedwithin the subject’s territory at a
position near to where we had observed him singing at dawn on
day 1.

We created five playback stimuli of synthesized songs that
combined the natural fee note from one male with the bee note
from another male to create five different fee bees (following the
procedure outlined in Mennill et al. 2002). All five playback stimuli
were 15 min in duration and broadcast from a digital audio player
(Apple iPod) at a mean � SE rate of 18.98 � 0.20 songs/min. Black-
capped chickadees alter their songs during the dawn song bouts by
shifting the frequency of their song over a 860 Hz continuum (Horn
et al. 1992; Otter et al. 1997; Foote et al. 2008). To keep our simu-
lation realistic, we incorporated shifts in song frequency into our
playback stimuli every 2.5 min. The five song stimuli were trans-
posed using Adobe Audition 2.0 (Adobe Systems Inc., Mountain
View, CA, U.S.A.) so that song playback frequencies were high
(H: 4247/3771 Hz, feeend/beestart), medium (M: 3698/3280 Hz) and
low (L: 3184/2822 Hz), and presented in the order H, M, L, H, M, L.
This range spans the typical frequency range of black-capped
chickadee dawn song bouts (Horn et al. 1992; Christie et al. 2004).
In both playback years, the playback stimuli were randomly
assigned to each of the five neighbourhoods, and each of the five
stimuli were used an equivalent number of times.

On a given day, a focal male was presented with two repeats of
the playback stimulus, each presentation lasting 15 min. The first
began 15 min before the earliest song recorded from any male on
day 1 (to examine variation in start times), and the second began
15 min after the first playback ended (to examine song output in
response to playback that occurred after most/all males in the
neighbourhood had begun singing their dawn song bouts).

Song Measures

To examine variation in start times in unmanipulated dawn song
bouts, we used recordings from four of the five neighbourhoods in
2005 (recordings from one neighbourhood were excluded because
of inclement weather; rain, below seasonal temperatures and
extreme wind) and one neighbourhood in 2007, where we recorded
for 2 days before beginning playback. We scored the start time of
dawn song bouts as time relative to sunrise. Sunrise times were
calculated for the nearest city (Kingston, ON, Canada, approximately
50 km due south) using the National Research Council Sunrise/
Sunset Calculator (http://www.nrc-cnrc.gc.ca/eng/services/hia/
sunrise-sunset.html). We determined start time of the dawn song
bouts of 28 males in unmanipulated choruses. For 2006 and 2007
recordings, for the preplayback days (day 1) in each neighbourhood,

we used Syrinx PC (J. Burt, Seattle, WA, U.S.A.) to annotate all songs
from the start of the dawn chorus until 1 h after the last male had
stopped singing his dawn song bout. For each male, we defined the
end of his dawn song bout as the point at which the male stopped
singing for at least 3 min (Foote et al. 2008). For each playback day
(days 2, 3), we annotated all songs of playback subjects and their
immediate neighbours in the same manner as for day 1.

For days 1, 2 and 3, we calculated dawn song bout start time
(minutes before sunrise), dawn song bout length (min), dawn song
bout end time (minutes before or after sunrise), total song output
(number of songs) during the second playback segment (when all
males had started singing on day 1 to allow for comparison), total
song output (number of songs) during 1 h after the dawn chorus
and total duration of long pauses (>15 s) during the second play-
back segment for focal males and neighbours. For some neighbours,
not all of the measures could be calculated; for example, we could
not compute song bout length when a neighbour did not sing his
entire dawn song bout within the recording area on bothmornings.
An increase in long pause duration on the day of playback would
suggest that males had stopped singing to listen to playback or to
perform other nonsong territorial behaviours, or alternatively, to
forage or preen. To compare to day 1, we calculated song rate and
long pause duration during the preplayback day from the same
period relative to sunrise as the second 15 min playback segment.

We defined neighbours as birds that shared at least some
portion of a territory boundary with the territory where we per-
formed playback. We mapped territories by following pairs and
noting their locations, song posts and territorial disputes on
detailedmaps of the study site. We used spatial analysis software to
triangulate the position of singing birds within the multichannel
recordings (see Mennill et al. 2006 for details), which allowed us to
reliably identify individuals. In addition, black-capped chickadee
songs have fine-structural details that are individually distinctive
when viewed as a sound spectrogram, which further assisted in
identification (see Fitzsimmons et al. 2008a; Foote et al. 2008).

Data Analysis

Of the 20 playbacks presented in 2006 and 2007, we used 15 for
the analysis.We excluded five playbacks from the analysis because in
these cases, our screening of the multichannel recordings revealed
that either the focal male sang far from the speaker location (in
a very different location from that on day 1) such that we were not
sure if the playback was audible to the focal male (e.g. on the
opposite side of a large ridge; three instances), or several micro-
phone channels in the vicinity of playback stopped working because
of moisture problems (two instances). For the 15 playbacks included
in the analysis, the weather was dry and clear, and the temperature
and levels of cloud cover were similar on both the preplayback and
playback mornings.

We analysed data using JMP 8 (SAS Institute, Cary, NC, U.S.A.).
Values are reported as means � SE, and all tests were two tailed.
Data were transformed where necessary to meet the assumption of
normality. To explore the effect that Julian date or year might have
on the data, we used linear mixed effect models with subject as
a random factor and Julian date, year and treatment (preplayback
and playback) as fixed factors for dawn song bout start time, dawn
song bout length, dawn song bout end time, total song output
during the second repeat of the playback stimulus, total song
output 1 h after the dawn chorus and total duration of pauses
during playback 2. Nonsignificant (P > 0.10) terms were removed
from the models. Only treatment was retained in significant
models, so we performed paired t tests. Effect sizes were computed
using Cohen’s d (paired analysis, means and pooled standard
deviations used in calculation; Cohen 1988).
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Ethical Note

All aspects of this study were approved by the Queen’s Univer-
sity Animal Care Committee (Foote-2004-052). Birdswere captured
and banded under CanadianWildlife Service Banding (10766A) and
Scientific Collection (CA 0146) permits issued to J. Foote.

RESULTS

Natural Variation in Dawn Chorus Start Time

Start times for black-capped chickadee dawn song bouts ranged
from 25.58 to 48.72 min before sunrise for unmanipulated dawn
choruses, with an average start time of 39.22 � 0.63 min before
sunrise (N ¼ 64 males’ dawn song bout start times; N ¼ 15 focal
males and N ¼ 27 neighbours from preplayback days, plus N ¼ 22
males from first day of neighbourhood-level recordings without
playback in 2005). Within neighbourhoods that were recorded for
two consecutivemornings (four in 2005 and one in 2007), the order
that males entered the dawn chorus varied between days, but was
relatively consistent (Table 1).

Response to Playback

When we simulated a male producing an early dawn song bout
within the territory of a breeding male black-capped chickadee, the
focal male began to sing 4.30 � 1.56 min earlier on playback days,
significantly earlier relative to sunrise compared to preplayback
days (paired t test: t14 ¼ 2.69, P ¼ 0.018, d ¼ 0.69; Fig. 1). Thirteen of
15 focal males began singing earlier on the playback day, whereas
two males began singing later compared to the control condition.

Neighbouringmales began to sing 2.30� 0.82 min earlier relative
to sunrise onplayback days, significantly earlier than theyhad started
to sing on preplayback days (paired t test: t26¼ 2.79, P ¼ 0.0098,
d¼ 0.47; Fig.1). Twentyof 27neighbours began singing earlier on the
playback day, whereas seven males began singing later compared to
the control condition. Playbacks began 13.58� 1.71 min before focal
males started to sing and 16.21�1.18 min before neighbours started
to sing.

When we recorded males over 2 days from neighbourhoods
where playback was not used, the males did not sing their dawn
chorus earlier on the second day compared to the first day of
recording (0.44 � 0.84 min earlier on day 2; paired t test: t27 ¼ 0.79,
P ¼ 0.44, d ¼ 0.15; Fig. 1). Fifteen control males began singing
earlier on day 2 of recording, whereas 13 began singing later on day
2 compared to day 1 of recording.

Focalmales had longer dawn songbouts onplayback days thanon
preplayback days, although not significantly so (paired t test:
t14 ¼ 1.96, P¼ 0.070, d¼ 0.84; preplayback: 36.40� 2.83 min; play-
back: 46.96� 3.61 min; Fig. 2). Focal males stopped their dawn song
bouts at a similar point relative to sunrise on preplayback and play-
back days (paired t test: t14 ¼ 0.84, P¼ 0.47, d ¼ 1.33; preplayback:

2.78� 2.66 min before sunrise; playback: 1.31 � 3.20 min after
sunrise). Neighbouring males did not have longer dawn song bouts
on playback days (paired t test: t23 ¼ 0.99, P¼ 0.33, d¼ 0.012; pre-
playback: 40.62� 2.21 min; playback: 45.49 � 3.11 min).

The second 15 min playback, broadcast after the dawn song
bouts of most birds in the recording area had begun, had no
discernible effect on the singing behaviour of black-capped chick-
adees. Neither focal nor neighbouring males differed significantly
in the total number of songs sung during the second 15 min play-
back period (paired t test: focal males: t14 ¼ 0.41, P ¼ 0.69, d ¼ 0.12;
neighbours: t20 ¼ 1.76, P ¼ 0.09, d ¼ 0.47) or during the hour after
the dawn chorus (paired t test: focal males: t14 ¼ 0.17, P ¼ 0.87,
d ¼ 0.04; neighbours: t20 ¼ 0.51, P ¼ 0.61, d ¼ 0.13) compared to the
preplayback day. Both focal males and neighbours paused for
a similar amount of time (total time not singing) during the second
playback and the day prior to playback (paired t test: focal males:
t14 ¼ 0.42, P ¼ 0.68, d ¼ 0.14; neighbours: t21 ¼1.88, P ¼ 0.074,
d ¼ 0.54).

Table 1
The order inwhichmale black-capped chickadees began dawn chorusing on the first
day of recording and the relative order they started on the second day of recording
for the five neighbourhoods that were recorded on two consecutive mornings
without playback manipulation

Day 1 Day 2

1 e 2 e 3 e 4 3 e 1 e 2 e 4
1 e 2 e 3 e 4 1 e 2 e 3 e 4
1 e 2 e 3 e 4 e 5 e 6 e 7 e 8 1 e 3 e 2 e 4 e 5 e 8 e 7 e 6
1 e 2 e 3 e 4 e 5 e 6 2 e 3 e 1 e 5 e 4 e 6
1 e 2 e 3 e 4 e 5 e 6 1 e 2 e 6 e 4 e 3 e 5
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Figure 1. Minutes before sunrise that male black-capped chickadees began their dawn
chorus on day 1 (white bars) and day 2 (black bars) of recording for control males that
were recorded on 2 days but did not receive playback treatment (nonplayback control),
focal males recorded on one preplayback and one playback day, and neighbouring
males recorded on one preplayback and one playback day. An asterisk indicates
a significant difference between day 1 and day 2.
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Figure 2. Length of the dawn chorus (min) of focal males on day 1 (preplayback) and
day 2 (playback).
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DISCUSSION

Our results show that male black-capped chickadees began
singing their dawn song bouts earlier in response to a simulated
territorial insertion, singing earlier than they would normally start.
The effect of playback was not limited to focal males but also
influenced the time that neighbours began to sing, indicating
a communication network effect. This is the first demonstration
that simulated insertions influence the onset of dawn singing in
songbirds. Fitzsimmons et al. (2008b) showed that simulated
daytime countersinging interactions influence neighbourhood
singing behaviour in black-capped chickadees; playback outside
territory boundaries during midmorning resulted in higher
neighbourhood song rate immediately following aggressive play-
back interactions. In similar fashion, we found that simulated
insertions resulted in a tendency for longer dawn song bouts
(although not significantly) in focal males while song bout end time
was unaffected. Both focal males and neighbours sang at similar
levels during playback and following playback compared to the
previous day.

Our results suggest that social cues could influence the start time
of the dawn chorus. Our results are consistent with those from
insect (Doolan & MacNally 1981) and anuran (Brooke et al. 2000)
choruses where social cues influence signalling timing. Similarly,
social cues influence whether or not male chipping sparrows, Spi-
zella passerina, sing at dawn;whenneighbourswere experimentally
removed, males no longer sang a dawn song bout, but when
neighbours were released, males resumed singing at dawn (Liu
2004). Earlier singing by chickadees suggests that males may
benefit from retaining some flexibility in dawn song bout onset in
response to stimuli from conspecifics (such as a territorial threat, as
simulated with playback in our experiment). However, the magni-
tude of the response (only a few minutes) suggests there are
significant costs to singing earlier. These results are similar to those
of Doolan & MacNally (1981), who showed that playback of simu-
lated callers causes earlier calling at dusk in Australian bladder
cicadas. Cicadas that sang earlier relative to dusk faced the increased
cost of a higher predation rate by birds (Doolan & MacNally 1981).
We do not yet understand what costs birds might pay through
singing earlier than might otherwise be optimal, but cold temper-
atures in the earlymorninghoursmaypose physiological challenges
that constrain early singing, or predation costs may be higher for
earlier singers. There is a growing body of evidence that animals,
including birds, entrain their circadian rhythms according to social
cues (reviewedbyDavidson&Menaker 2003). Chickadeesmayhave
begun singing earlier upon hearing another earlier singing male in
order to adjust their circadian clock to social cues. Drosophila mel-
anogaster use olfactory signals to entrain circadian clocks to their
neighbours’ rhythms (Levine et al. 2002). House sparrows, Passer
domesticus, siskins, Carduelis spinus, and serins, Serinus serinus, held
in constant dim light conditions show evidence of circadian rhythm
entrainment in response to recorded vocalizations (Menaker &
Eskin 1966; Gwinner 1967). It would be interesting to test
whether changing social environments can result in increasingly
earlier choruses in natural settings.

While social cues may cause male chickadees to start dawn
singing earlier once they are awake, these cues may not wake males
that are still asleep. We cannot distinguish whether playback woke
up focalmales orwhethermaleswere awake andnot yet singing, or if
some combination was responsible for the observed effect.
Armstrong (1955) reviewed timing of awakening and found that in
seven species of songbirds, males awoke 1e30min before beginning
to sing. Once birds are awake, it is possible that a certain light
intensity must be reached before males begin to sing (Allard 1930;
Leopold & Eynon 1961). Although light intensity has been

suggested to influence dawn chorus timing (Thomas et al. 2002; Berg
et al. 2006), our results show that social cues also play a role.

Intraspecific variation in the timing of dawn song bouts is
related to male quality in some species (e.g. Otter et al. 1997; Poesel
et al. 2006; Murphy et al. 2008). Earlier-singing males may have
shorter circadian period lengths than later-singing males (Helm &
Visser 2010). While variation in male quality explains some of the
variation in dawn song bout start time, our results show that
individual start time has a degree of flexibility and can be influ-
enced by other singers. Further experiments are needed to test how
social rank influences flexibility in start time in chickadees and how
social rank relates to circadian period length.

Black-capped chickadees participate in interactions at dawn that
extend beyond dyadic interactions (Foote et al. 2010), and here we
provide further evidence that the dawn chorus is a communication
network. The change in start time of neighbours in response to
playback might be a result of the change in the focal males’ start
time, or it might be a direct response to the playback. Future
experiments wheremales are removed overnight and a recording is
used to simulate an early dawn song bout, by the male that has
been removed, by a simulated intrusion and by both the removed
male and a simulated intrusion, might distinguish between these
alternatives.

Focal males tended to sing slightly longer song bouts in response
to playback but stopped chorusing at a similar point relative to
sunrise. The dawn song bouts of chickadees typically end when
males are joined by their mates (Otter & Ratcliffe 1993; Gammon
2004). Male chickadees whose mates are removed sing longer
than on previous and subsequent days (Otter & Ratcliffe 1993). Male
great tits whose females are prevented from exiting the nest cavity
also sing longer after sunrise (Mace 1986). In addition, males stop
dawn singing when females arrive in European blackbirds, Turdus
merula (Cuthill & MacDonald 1990), American robins, Turdus
migratorius (Slagsvold 1996), and willow tits, Poecile montanus
(Welling et al. 1995). Despite the simulated insertions, males in this
study stopped singing at a similar point, potentially because mate
guarding and singingmaybe incompatible activities (Slagsvold et al.
1994). Careful tracking of female behaviour while males are singing
during the dawn chorus may help elucidate how female behaviour
shapes the dawn chorus.

We observed no change in song output or total silent time with
playback treatment, for focal males or neighbours. Song rates in
black-capped chickadees are honest indicators of quality, with
dominant males singing at higher rates than subordinates (Otter
et al. 1997), and when mates are removed, males do not increase
song rate (Otter & Ratcliffe 1993). However, when supplementally
fed, both dominant and subordinate chickadees increase song
output (Grava et al. 2009). Chickadees may not increase song rate in
response to insertions because they are already chorusing at
maximum song rates. Alternatively, males may not respond
aggressively to intruders at dawn (Shackleton & Ratcliffe 1994) and
may instead concentrate their singing activity on vocal interactions
with neighbours, which are particularly important during the dawn
chorus (Foote et al. 2008). However, playback on the preceding day
causes an increase in dawn song output in winter wrens (Erne &
Amrhein 2009), and great tits increase song output in response to
playback at dawn (Weary et al. 1991).

In summary, our results show that black-capped chickadees
have flexibility in the timing of their dawn song bouts, which can
change as a result of social cues (earlier start times; playback
experiment) or other short-term changes (variation in start order;
unmanipulated choruses). In addition, we show that playback
simulations can influence the behaviour of nonfocal individuals,
providing further evidence that the dawn chorus functions as
a communication network. Our results expand our understanding
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of group-signalling strategies by showing that social factors play an
important role.

Acknowledgments

We thank J. Baldock, T. Barran, R. Bull, S. Doucet, D. Gabriel,
H. Hennin, R. Jamieson, S. Lippold, A. McKellar, A. Osmun, D. Potvin,
C. Toth and K. Winger for field assistance. We thank the Curtis,
Lundell, Warren, Weatherhead-Metz and Zink families for access to
property, and the staff of Queen’s University Biological Station
for logistical support. We thank J. Burt for software design. We
thank J. Fitzsimmons, D. Gammon and an anonymous referee
for comments that significantly improved this manuscript. We
thank the Natural Sciences and Engineering Research Council
of Canada, the Canada Foundation for Innovation, the Ontario
Government, the Society of Canadian Ornithologists, the American
Ornithologists’ Union, the American Museum of Natural History,
the University of Windsor and Queen’s University for funding.

References

Allard, H. A. 1930. The first morning song of some birds of Washington, D. C.: its
relation to light. American Naturalist, 64, 436e469.

Amrhein, V. & Erne, N. 2006. Dawn singing reflects past territorial challenges in
the winter wren. Animal Behaviour, 71, 1075e1080.

Armstrong, E. A. 1955. The Wren. London: Collins.
Baker, B. J. & Richardson, J. M. L. 2006. The effect of artificial light on male

breeding-season behaviour in green frogs, Rana clamitans melanota. Canadian
Journal of Zoology, 84, 1528e1532.

Barrientos-Lozano, L. & Montes-Torres, M. 1997. Geographic distribution and
singing activity of Pterophylla beltrani and P. robertsi (Orthoptera: Tettigoniidae),
under field conditions. Journal of Orthoptera Research, 6, 49e56.

Berg, K. S., Brumfield, R. T. & Apanius, V. 2006. Phylogenetic and ecological
determinants of the Neotropical dawn chorus. Proceedings of the Royal Society B,
273, 999e1005.

Brooke, P. N., Alford, R. A. & Schwarzkopf, L. 2000. Environmental and
social factors influence chorusing behaviour in a tropical frog: examining
various temporal and spatial scales. Behavioral Ecology and Sociobiology,
49, 79e87.

Burt, J. M. & Vehrencamp, S. L. 2005. Dawn chorus as an interactive communi-
cation network. In: Animal Communication Networks (Ed. by P. K. McGregor),
pp. 320e343. New York: Cambridge University Press.

Christie, P. J., Mennill, D. J. & Ratcliffe, L. M. 2004. Pitch shifts and song structure
indicate male quality in the dawn chorus of black-capped chickadees. Behav-
ioral Ecology and Sociobiology, 55, 341e348.

Cohen, J. 1988. Statistical Power Analysis for the Behavioral Sciences. Hillsdale,
New Jersey: L. Erlbaum.

Crawford, C. S. & Dadone, M. M. 1979. Onset of the evening chorus in Tibicen
marginalis (Homoptera: Cicadidae). Environmental Entomology, 8, 1157e1160.

Cuthill, I. C. & MacDonald, W. A. 1990. Experimental manipulation of the dawn
and dusk chorus in the blackbird Turdus merula. Behavioral Ecology and Socio-
biology, 26, 209e216.

Danks, H. V. 2003. Studying insect photoperiodism and rhythmicity: components,
approaches and lessons. European Journal of Entomology, 100, 209e221.

Davidson, A. J. & Menaker, M. 2003. Birds of a feather clock together, sometimes:
social synchronization of circadian rhythms. Current Opinion in Neurobiology,
13, 765e769.

Davis, J. 1958. Singing behavior and the gonad cycle of the rufous-sided towhee.
Condor, 60, 308e336.

Doolan, J. M. & MacNally, R. C. 1981. Spatial dynamics and breeding ecology in the
cicada Cystosoma saundersii: the interaction between distributions of resources
and intraspecific behaviour. Journal of Animal Ecology, 50, 925e940.

Dunford, C. 1977. Kin selection for ground squirrel alarm calls. American Naturalist,
111, 782e785.

Eriksson, D. & Wallin, L. 1986. Male bird song attracts females: a field experiment.
Behavioral Ecology and Sociobiology, 19, 297e299.

Erne, N. & Amrhein, V. 2009. Long-term influence of simulated territorial intru-
sions on dawn and dusk singing in the winter wren: spring versus autumn.
Journal of Ornithology, 149, 479e486.

Fisler, G. F. 1962. Variation in the morning awakening time of some birds in south-
central Michigan. Condor, 64, 184e198.

Fitzsimmons, L. P., Foote, J. R., Ratcliffe, L. M. & Mennill, D. J. 2008a.
Frequency matching, overlapping and movement behaviour in diurnal
countersinging interactions of black-capped chickadees. Animal Behaviour,
75, 1913e1920.

Fitzsimmons, L. P., Foote, J. R., Ratcliffe, L. M. & Mennill, D. J. 2008b. Eaves-
dropping and communication networks revealed through playback and an
acoustic location system. Behavioral Ecology, 19, 824e829.

Foote, J. R., Fitzsimmons, L. P., Mennill, D. J. & Ratcliffe, L. 2008. Male chickadees
match neighbors interactively at dawn: support for the social dynamics
hypothesis. Behavioral Ecology, 19, 1192e1199.

Foote, J. R., Fitzsimmons, L. P., Mennill, D. J. & Ratcliffe, L. 2010. Black-capped
chickadee dawn choruses are interactive communication networks. Behaviour,
147, 1219e1248.

Gammon, D. E. 2004. Black-capped chickadee dawn chorus and subsequent sexual
activity. Wilson Bulletin, 116, 252e256.

Geissmann, T. 2002. Duet-splitting and the evolution of gibbon songs. Biological
Reviews, 77, 57e76.

Gil, D. & Gahr, M. 2002. The honesty of bird song: multiple constraints for multiple
traits. Trends in Ecology & Evolution, 17, 133e141.

Grava, T., Grava, A. & Otter, K. A. 2009. Supplemental feeding and dawn singing in
black-capped chickadees. Condor, 111, 560e564.

Gwinner, E. 1967. Entrainment of a circadian rhythm in birds by species-specific
song cycles. Experientia, 22, 765e766.

Helm, B. & Visser, M. E. 2010. Heritable circadian period length in a wild bird
population. Proceedings of the Royal Society B, 277, 3335e3342.

Hill, G. E. 2000. Energetic constraints on expression of carotenoid-based plumage
coloration. Journal of Avian Biology, 31, 559e566.

Hoback, W. W. & Wagner, W. E. Jr. 1997. The energetic cost of calling in the
variable field cricket, Gryllus lineaticeps. Physiological Entomology, 22,
286e290.

Horn, A. G., Leonard, M. L., Ratcliffe, L., Shackleton, S. A. & Weisman, R. G.
1992. Frequency variation in songs of black-capped chickadees. Auk, 109,
847e852.

Kempenaers, B., Borgström, P., Loës, P., Schilicht, E. & Valcu, M. 2010. Artificial
night lighting affects dawn song, extra-pair siring success and lay date in
songbirds. Current Biology, 19, 1735e1739.

Leopold, A. & Eynon, A. E. 1961. Avian daybreak and evening song in relation to
time and light intensity. Condor, 63, 269e293.

Levine, J. D., Funes, P., Dowse, H. B. & Hall, J. C. 2002. Resetting the circadian clock
by social experience in Drosophila melanogaster. Science, 298, 2010e2012.

Liu, W.-C. 2004. The effect of neighbours and females on dawn and daytime singing
behaviours by male chipping sparrows. Animal Behaviour, 68, 39e44.

Luther, D. A. 2008. Signallerereceiver coordination and the timing of communi-
cation in Amazonian birds. Biology Letters, 4, 651e654.

Mace, R. 1986. Importance of female behaviour in the dawn chorus. Animal
Behaviour, 34, 621e622.

McGregor, P. K. (Eds). 1992. Playback and Studies of Animal Communication.
New York: Plenum.

Martins, I. A., Almeida, S. C. & Jim, J. 2006. Calling sites and acoustic partitioning in
species of Hyla nana and rubicundula groups (Anura, Hylidae). Herpetological
Journal, 16, 239e247.

Menaker, M. & Eskin, A.1966. Entrainment of circadian rhythms by sound in Passer
domesticus. Science, 154, 1579e1581.

Mennill, D. J. & Otter, K. A. 2007. Status signalling and communication networks
in black-capped chickadees: complex communication with a simple song.
In: Ecology and Behavior of Chickadees and Titmice (Ed. by K. A. Otter), pp.
215e233. Oxford: Oxford University Press.

Mennill, D. J., Ratcliffe, L. M. & Boag, P. T. 2002. Female eavesdropping on male
song contests in songbirds. Science, 296, 873.

Mennill, D. J., Burt, J. M., Fristrup, K. M. & Vehrencamp, S. L. 2006. Accuracy
of an acoustic location system for monitoring the position of duetting
songbirds in tropical forest. Journal of the Acoustical Society of America, 119,
2832e2839.

Murphy, M. T., Sexton, K., Dolan, A. C. & Redmond, L. J. 2008. Dawn song of the
eastern kingbird: an honest signal of male quality? Animal Behaviour, 75,
1075e1084.

Myers, E. M. 2003. The circadian control of eclosion. Chronobiology International, 20,
775e794.

Oseen, K. L. & Wassersug, R. J. 2002. Environmental factors influencing calling in
sympatric anurans. Oecologia, 133, 616e625.

Otter, K. & Ratcliffe, L. 1993. Changes in singing behavior of male black-capped
chickadees (Parus atricapillus) following mate removal. Behavioral Ecology and
Sociobiology, 33, 409e414.

Otter, K., Chruszcz, B. & Ratcliffe, L. 1997. Honest advertisement and song output
during the dawn chorus of black-capped chickadees. Behavioral Ecology, 8,
167e173.

Paranjpe, D. A. & Sharma, V. K. 2005. Evolution of temporal order in living
organisms. Journal of Circadian Rhythms, 3, 7.

Poesel, A., Kunc, H. P., Foerster, K., Johnsen, A. & Kempenaers, B. 2006. Early birds
are sexy: male age, dawn song and extrapair paternity in blue tits, Cyanistes
(formerly Parus) caeruleus. Animal Behaviour, 72, 531e538.

Rosato, E., Tauber, E. & Kyriacou, C. P. 2006. Molecular genetics of the fruit-fly
circadian clock. European Journal of Human Genetics, 14, 729e738.

Ryan, M. J. 1980. Female mate choice in a Neotropical frog. Science, 209,
523e525.

Saunders, D. S. 2005. Erwin Bünning and Tony Lees, two giants of chronobiology,
and the problem of time measurement in insect photoperiodism. Journal of
Insect Physiology, 51, 599e608.

Schubert, K. A., Mennill, D. J., Ramsay, S. M., Otter, K. A., Boag, P. T. &
Ratcliffe, L. M. 2007. Variation in social rank acquisition influences lifetime
reproductive success in black-capped chickadees. Biological Journal of the
Linnean Society, 90, 89e95.

J.R. Foote et al. / Animal Behaviour 81 (2011) 871e877876



Author's personal copy

Sexton, K., Murphy, M. T., Redmond, L. J. & Dolan, A. C. 2007. Dawn song of
eastern kingbirds: intrapopulation variability and sociobiological correlates.
Behaviour, 144, 1273e1295.

Shackleton, S. A. & Ratcliffe, L. 1994. Matched counter-singing signals escalation of
aggression in black-capped chickadees (Parus atricapillus). Ethology, 97, 310e316.

Slagsvold, T. 1996. Dawn and dusk singing of male American robins in relation to
female behaviour. Wilson Bulletin, 108, 507e515.

Slagsvold, T., Dale, S. & Sætre, G.-P.1994. Dawn singing in the great tit (Parus major):
mate attraction, mate guarding, or territorial defence? Behaviour, 131, 115e138.

Smith, S. M. 1991. The Black-capped Chickadee: Behavioral Ecology and Natural
History. Ithaca, New York: Cornell University Press.

Staicer, C. A., Spector, D. A. & Horn, A. G. 1996. The dawn chorus and other diel
patterns in acoustic signaling. In: Ecology and Evolution of Acoustic Communi-
cation in Birds (Ed. by D. E. Kroodsma & E. H. Miller), pp. 426e453. Ithaca,
New York: Cornell University Press.

Sueur, J. 2002. Cicada acoustic communication: potential sound partitioning in
a multispecies community from Mexico (Hemiptera: Cicadomorpha: Cicadi-
dae). Biological Journal of the Linnean Society, 75, 379e394.

Thomas, R. J., Székely, T., Cuthill, I. C., Harper, D. G. C., Newson, S. E.,
Frayling, T. D. & Wallis, P. D. 2002. Eye size in birds and the timing of song at
dawn. Proceedings of the Royal Society B, 269, 831e837.

Thompson, C. W. & Moore, M. C. 1991. Throat colour reliably signals status in male
tree lizards, Urosaurus ornatus. Animal Behaviour, 42, 745e753.

Tuttle, M. D. & Ryan, M. J. 1981. Bat predation and the evolution of frog vocaliza-
tions in the Neotropics. Science, 214, 677e678.

Ward, S., Speakman, J. R. & Slater, P. J. B. 2003. The energy cost of song in the
canary, Serinus canaria. Animal Behaviour, 66, 893e902.

Weary, D. M., Lambrechts, M. M. & Krebs, J. R. 1991. Does singing exhaust male
great tits? Animal Behaviour, 41, 540e542.

Welling, P., Koivula, K. & Lahti, K. 1995. The dawn chorus is linked with female
fertility in the willow tit Parus montanus. Journal of Avian Biology, 26, 241e246.

Whitten, A. J. 1982. The ecology of singing in Kloss gibbons (Hylobates klossii) on
Siberut Island, Indonesia. International Journal of Primatology, 3, 33e51.

Wong, B. B. M., Cowling, A. N. N., Cunningham, R. B., Donnelly, C. F. &
Cooper, P. D. 2004. Do temperature and social environment interact to affect
call rate in frogs? Austral Ecology, 29, 209e214.

J.R. Foote et al. / Animal Behaviour 81 (2011) 871e877 877




