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The efficacy of communication relies on the
detection of signals against background noise.
Some species are known to alter the timing of
vocalizations to avoid acoustic interference from
similar signals of other species, but nothing is
known about the possibility of coordinated adjust-
ments in the timing of receivers’ attention.
I examined the possibility that co-occurring
species might respond as well as vocalize at
different times in a diverse tropical avifauna by
presenting playbacks of recordings to territorial
birds at typical and atypical times for singing
during the dawn chorus. The results show that
co-occurring species of birds in a diverse avi-
fauna partition the timing of both production and
response in a way that would reduce acoustic
interference between species.
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1. INTRODUCTION
Many animals rely on long-range communication for
species recognition, mate selection and territorial

defence, but background noise often constrains
interactions between signallers and targeted receivers.
A receiver must often detect a signal or discriminate
between signals in the presence of many irrelevant but

similar signals from other species (Ryan & Brenowitz
1985; Klump 1996; Bradbury & Vehrencamp 1998;
Wollerman 1999; Wollerman & Wiley 2002a). To
increase the detectability and discriminability of a signal

and to reduce interference from irrelevant signals,
signallers could increase the contrast between their
signals and the background noise (Endler 1993; Wiley
1994, 2006). Because background noise in natural

environments is rarely continuous (Klump 1996),
adjusting the timing of signals to take advantage of gaps
in noise can also reduce acoustic interference (Cody &
Brown 1969; Greenfield 1988; Narins 1992). For

instance, some birds avoid acoustic interference by
means of short-term changes in the timing of their
songs in the presence of other species’ songs (see
Brumm & Slabbekoorn 2005). However, adjusting

the timing of signal transmission to avoid acoustic
interference can only be effective if receivers pay
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attention and respond at the appropriate time (Wiley
1994). If adjustments of signals are not matched by
adjustments by receivers, communication will fail.

An avian dawn chorus provides an example of
communication in the presence of high levels of
heterospecific and conspecific background noise.
During the dawn chorus, species differ in the timing
of their singing (Thomas et al. 2002; Berg et al.
2006). Acoustic censuses of the dawn chorus at Rio
Cristalino, Mato Grosso, Brazil, revealed a large
turnover in vocal activity of species during the morning
(Luther 2008). Here I show that co-occurring species
of birds in a diverse avifauna partition the timing of
both song production and response in a way that
reduces acoustic interference from other species’
songs. By coordinating the time at which signallers
sing and receivers respond during the dawn chorus,
species minimize acoustic interference, reduce incor-
rect responses to other species’ signals and increase
the efficiency of intraspecific communication.
2. MATERIAL AND METHODS
Research took place at the Rio Cristalino Private Natural Heritage
Preserve (RPPN), 40 km northeast of Alta Floresta, Mato Grosso,
Brazil (98410 S, 558540 W). In 2004 I collected, standardized and
replicated recordings between 05.30 and 08.30 in mature tropical
moist (terra firma) forest. From these censuses, I determined that
many species sang primarily at distinct times in the dawn chorus. Of
the 106 species regularly detected during the acoustic censuses,
34 species sang primarily in one 30 min or one hour block of time
(Luther 2008). Four of the latter species were chosen for experi-
ments with playbacks of recordings. Two of these species sang
primarily within 30 min of sunrise (white-browed antbird Myrmo-
borus leucophrys and warbling antbird Hypocnemis cantator striata) and
two sang primarily from one to two hours after sunrise (chestnut-
backed antshrike Thamnophilus palliatus palliatus and black-faced
antthrush Formicarius analis) (figure 1). All four are suboscines in the
families Thamnophilidae and Formicaridae. Each also had popu-
lations in the study area that were large enough for me to attempt to
test at least six different individuals. A one-way analysis of variance
(ANOVA) confirmed that the two early species differed significantly
from the two late species in their times of singing. All four species
defended year-round territories and used one species-specific long-
distance vocalization throughout the year. Their behaviour at Rio
Cristalino suggested that all the four species had protracted breeding
seasons throughout most of the year. During both the wet and the
dry seasons of 2006, I successfully presented playbacks to 23
individuals of these four species, including six to eight individuals of
three of the species. Each subject received two treatments, one early
and one late in the morning. Playback trials began when the subjects
had been silent for at least 5 min. Early playbacks were conducted
during the first hour after sunrise, and late playbacks were conducted
during the second hour after sunrise.

After each playback, I recorded 10 categories of behaviour to
assess each bird’s strength of response to the playback treatments.
Since many of the behavioural categories were correlated, I used
principal components (PC) analysis to reduce the measures of
response to a smaller number of independent variables. This
analysis extracted four PC with eigenvalues greater than 1.
Together they explained 75 per cent of the variations in responses
(electronic supplementary material, table S1).

To test for differences in responses at typical and atypical times
for each species, I used a nested ANOVA of the first PC of the
behavioural responses, with species nested within their typical times
for singing, early or late, and typical times for singing crossed with
times of playback, early or late. In an assessment of the residuals,
one point was an outlier (greater than 2 standard deviations from
the mean). This point was removed before the final analysis,
although this step did not affect the statistical significance of the
results. All statistical tests were calculated with JMP v. 5.1.
3. RESULTS
The species defined in the present study as early and
late-singing differed significantly in the mean times at
which they sang (figure 1) (F1,313Z681.1, p!0.001).
This journal is q 2008 The Royal Society
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Figure 1. Rates of singing throughout the morning for each study species. The numbers of songs in successive 10-min
periods are averaged (Gs.e.) across multiple days (nZ12) and census locations (nZ6) for each species in both rainy and dry
seasons at the study site.

Table 1. Responses of the four species to early and late playback treatments (mean values of principal component 1 and the
respective standard errors).

singer category species number of individuals response to early treatments response to late treatments

early H. cantator 7 1.97 (G0.58) K0.28 (G0.57)
early M. leucophrys 8 1.28 (G0.45) K0.86 (G0.64)
late T. palliatus 6 K1.55 (G0.48) 1.01 (G0.56)
late F. analis 2 K2.94 (G0.19) 0.79 (G0.85)
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All four species were heard singing during both
experimental periods. Nevertheless, each species had

stronger responses to songs played during its typical

times for singing than to songs played during atypical
times (table 1). The strong responses included shorter

approach latency, shorter song latency and closer
approaches, as well as a greater number of songs,

calls, duets, number of minutes singing, number of
flights past the speaker, time spent closer to the

speaker and higher perch heights (electronic supple-

mentary material, figure S1). While each species
showed the majority of these responses, the magni-

tudes of responses differed among species. For
example, H. cantator responded with a greater num-

ber of duets to the playback at the typical time of

singing, M. leucophrys responded with shorter song
latency and F. analis responded with shorter latency

for approach. In general, individuals from each
species responded to both typical and atypical timing

of playback treatments, but responses at the atypical
time of singing were less intense and less immediate.

ANOVA of the first PC scores revealed that both

early and late-singing species had stronger responses to
songs played during their typical times of singing

(figure 2, table 2) (F1,39Z17.67, p!0.001). Individual
species in each of the singing categories, early and late,
Biol. Lett. (2008)
showed no statistical differences in their responses to
playbacks (F2,39Z1.196, pZ0.31). Therefore, no one
species in either the early singing or the late-singing
category was responsible for the differences in responses
to early and late playbacks.
4. DISCUSSION
A strong preference for singing during specific blocks
of time during the dawn chorus coincided with an
equally strong preference for responding during those
same blocks of time. In other words, these species
provide an example of temporal acoustic partitioning
in response as well as production of signals. This
temporal partitioning might serve to reduce acoustic
interference between species in the same area.

Signalling and responding during restricted times
might also occur because a species focuses on
foraging at other times. For instance, singing at dawn
might occur when light levels are insufficient for
foraging (Leopold & Eynon 1961; Kacelnik 1979).
Evidence for the fact that singing and foraging might
often be incompatible in neotropical birds comes
from a recent report (Berg et al. 2006) that foraging
height and eye-size are inversely correlated with the
sequence of singing by neotropical passerines. Birds



Table 2. Results of the nested ANOVA of the first PC of the behavioural responses. (Species are nested within their typical
times for singing, early or late (species (singer category)) and a species’ typical times for singing are crossed with time of
playback, early or late (time of playback!singer category).)

source d.f. sum of squares mean square F P

ANOVA-whole model
model 5 82.38107 16.4762 8.1078 !0.0001
error 39 79.25346 2.0321
combined total 44 161.63453

source number of parameters d.f. sum of squares F P

effect tests
time of playback 1 1 35.905567 17.6688 0.0001
singer category 1 1 12.067078 5.9381 0.0195
time of playback!singer category 1 1 63.379548 31.1886 !0.0001
species (singer category) 2 2 4.860869 1.196 0.3132
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Figure 2. Means of the first principal component of
responses (Gs.e.) by (a) early-singing species and (b) late-
singing species to early and late playbacks. Positive PC values
indicate stronger responses than do negative PC values. See
also table 1. For ANOVA of these data, see table 2.

Temporal partitioning of bird songs D. A. Luther 653
in the understorey as a rule sing later in the day than

birds that forage in the middle and upper layers of the

forest, and birds with smaller eyes sing later than

those with larger eyes. This general pattern, however,

does not apply to all the four species in the present

study. The late-singing T. palliatus, which generally

forages in the middle and upper layers of the forest,

sang later than H. cantator and M. leucophrys, which

generally forage in the understorey. While hypotheses

of constraints of foraging and acoustic interference on

the time of singing are not mutually exclusive,

foraging seems unlikely to explain the temporal
Biol. Lett. (2008)
restriction of dawn signalling and responding in these
species. Avoidance of acoustic interference is a more
plausible explanation in this case.

Previous studies have documented avoidance of
short-term interspecific acoustic interference in
birds (Cody & Brown 1969; Brumm 2006), frogs
(Littlejohn 1959; Schwartz & Wells 1984) and insects
(Greenfield 1988), but no previous study has docu-
mented acoustic partitioning of responses in birds.
For acoustic partitioning to occur, both signallers and
receivers must coordinate their behaviour. A shift in
the timing of signal transmission would require a
coordinated shift by the receiver to obtain a match in
production and response. In the presence of high
levels of background sound from other species, both
signallers and receivers might realize immediate advan-
tages by focusing the time of signalling to minimize
overlap with other species (Wiley 1994). Communi-
cation that minimizes acoustic interference would be
expected to increase correct detections of conspecific
and rejections of heterospecific signals. It would also

reduce erroneous responses to heterospecific signals
and missed detections of conspecific signals (Wiley
1994; Wollerman & Wiley 2002b).

In summary, this study addressed the correspon-
dence of song production and response in a complex
tropical avifauna. The results are consistent with
the hypothesis of temporal acoustic partitioning as
a result of species-specific patterns of coordinated
production of and response to signals to improve
intraspecific communication.

All birds were treated in accordance with animal care
guidelines of the host country and institution.

I thank R. Haven Wiley for help in all aspects of this
project. In addition, I thank Maria Alice dos Santos Silva
and Mario Cohn-Haft for help with Brazilian research visas
and for collaboration in Brazil, and John Luther, Amy
Upgren, Vitoria da Riva Carvalho, and the staff of the Rio
Cristalino RPPN for assistance in the field. For funding this
project, I thank the Mellon Foundation, the Explorer’s
Club and the University of North Carolina-Chapel Hill (the
International and Latin American Studies Programs,
the Graduate School, and the Behavioral Research Fund
of the Biology Department).



654 D. A. Luther Temporal partitioning of bird songs
Berg, K. S., Brumfield, R. T. & Apanius, V. 2006
Phylogenetic and ecological determinants of the neotro-
pical dawn chorus. Proc. R. Soc. B 273, 999–1005.
(doi:10.1098/rspb.2005.3410)

Bradbury, J. W. & Vehrencamp, S. L. 1998 Principles of animal
communication. Sunderland, MA: Sinauer Associates.

Brumm, H. 2006 Signalling through acoustic windows:
nightingales avoid interspecific competition by short-
term adjustment of song timing. J. Comp. Physiol. A
Neuroethol. Sens. Neural Behav. Physiol. 192, 1279–1285.
(doi:10.1007/s00359-006-0158-x)

Brumm, H. & Slabbekoorn, H. 2005 Acoustic communi-
cation in noise. Adv. Study Behav. 35, 151–209. (doi:10.
1016/S0065-3454(05)35004-2)

Cody, M. L. & Brown, J. H. 1969 Song asynchrony in
neighboring bird species. Nature 222, 778–780. (doi:10.
1038/222778b0)

Endler, J. A. 1993 Some general comments on the evolution
and design of animal communication systems. Phil. Trans.
R. Soc. B 340, 215–225. (doi:10.1098/rstb.1993.0060)

Greenfield, M. D. 1988 Interspecific acoustic interactions
among katydids Neoconocephalus: inhibition-induced
shifts in diel periodicity. Anim. Behav. 36, 684–695.
(doi:10.1016/S0003-3472(88)80151-9)

Kacelnik, A. 1979 The foraging efficiency of great tits (Parus
major) in relation to light intensity. Anim. Behav. 27,
237–241. (doi:10.1016/0003-3472(79)90143-X)

Klump, G. M. 1996 Bird communication in the noisy world.
In Ecology and evolution of acoustic communication in birds
(eds D. E. Kroodsma & E. H. Miller), pp. 321–338.
Ithaca, NY: Cornell University Press.

Leopold, A. & Eynon, A. 1961 Avian daybreak and evening
song in relation to time and light intensity. Condor 63,
269–293. (doi:10.2307/1365621)

Littlejohn, M. J. 1959 Call differentiation in a complex of
seven species of Crinia (Anura, Leptodactylidae).
Evolution 13, 452–468. (doi:10.2307/2406128)
Biol. Lett. (2008)
Luther, D. A. 2008 The acoustic community and the evolution

of acoustic communication. Chapel Hill, NC: University of

North Carolina.

Narins, P. M. 1992 Evolution of anuran chorus behavior

neural and behavioral constraints. Am. Nat. 139,

S90–S104. (doi:10.1086/285306)

Ryan, M. J. & Brenowitz, E. A. 1985 The role of body size,

phylogeny, and ambient noise in the evolution of bird

song. Am. Nat. 126, 87–100. (doi:10.1086/284398)

Schwartz, J. J. & Wells, K. D. 1984 Interspecific acoustic

interactions of the neotropical treefrog Hyla ebraccata.

Behav. Ecol. Sociobiol. 14, 211–224. (doi:10.1007/BF00

299621)
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