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ABSTRACT

Ambient noise is present almost everywhere in the biosphere. Because background noise can potentially
mask the acoustic signals that many animals use to communicate, many species may face a problem when trying
to get their messages through noisy environments. Here I reviewed some of the strategies that birds use to deal
with ambient noise, and related this information to the possible consequences that may result when birds use their
songs in the context of sexual selection, a process that has been widely acknowledged as a main force shaping the
evolution of bird songs. I suggest that, depending on the species-specific nature of the sexual selection process
in relation to the sender songs, ambient noise may impair the probability of reproduction to different degrees in
different species. For instance, species whose songs are effective at communicating in noisy environments, but
at the same time render the sender a lowered probability of attracting a mate and defending a territory, may face
a greater reduction in reproductive success than if the sender’s songs fail in one aspect of sexual selection (e.g.
female attraction), but not in the other (e.g. male-male competition). However, more studies are needed if we are
to obtain a clearer picture of the possible outcome that may result from the interaction between ambient noise
and sexual selection. Some questions that need answers are: to what extent ambient noise impairs the processes
of sexual selection in nature? Are sub-oscines equally vulnerable than oscines?
Keywords: Bird song, sexual selection, noise, anthropogenic.

RESUMO

CANTO DE AVES: INTERACAO ENTRE A POLUICAO SONORA URBANA E SELECAO
SEXUAL. A polui¢do sonora urbana esta presente em quase toda a biosfera. Uma vez que o ruido pode
mascarar os sinais acUsticos que muitos animais usam para a comunicagdo, varias espécies poderiam
encontrar-se frente ao problema de enviar suas mensagens em um ambiente sonoramente poluido. Aqui
faco uma revisdo sobre algumas estratégias que as aves usam para enfrentar este problema e relaciono esta
informagdo com as possiveis conseqiiéncias que poderiam resultar quando as aves usam seus cantos no
contexto da selecdo sexual, um processo que tem sido amplamente reconhecido como uma for¢a maior que
modela a evolucao do canto nas aves. Sugiro que, dependendo da natureza espécie - especifica dos processos
de selecao sexual em relagao aos cantos do emissor, o ruido ambiental poderia estar afetando a possibilidade
de reprodu¢do em diferentes graus variaveis de acordo com as espécies. Por exemplo, aquelas espécies em
que os cantos sdo efetivos para comunicar-se em ambientes barulhentos, porém ao mesmo tempo diminuem
a probabilidade de o emissor atrair uma parceira e defender um territério poderiam enfrentar uma redugao
maior no éxito reprodutivo que se o canto do emissor falha em relagdo a um aspecto de selegdo sexual (ex.,
atracdo da fémea), porém nao em outro (ex., competi¢do entre machos). S2o necessarios outros estudos se
quisermos obter uma imagem mais clara das possiveis conseqiiéncias que poderiam resultar da interagao
entre a poluicdo sonora do ambiente e a sele¢do sexual. Algumas das perguntas que precisam ser respondidas
sdo: Até que ponto a poluicdo sonora ambiental prejudica os processos de sele¢do sexual na natureza? Os
suboscines sao tao vulneraveis quanto os oscines?
Palavras-chave: Canto das aves, selecao sexual, poluicdo sonora, antropogénico.
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RESUMEN

CANTO DE AVES: INTERACCION ENTRE EL RUIDO URBANO Y SELECCION SEXUAL. El
ruido ambiental esta presente casi en todos lugares en la biosfera. Debido a que el ruido puede potencialmente
enmascarar las sefiales aclsticas que muchos animales usan para comunicarse, varias especies podrian
encontrarse con un problema al tratar de transmitir sus mensajes a través de ambientes ruidosos. Aqui hago
una revision de algunas de las estrategias que las aves usan para lidiar con el ruido ambiental y relaciono
esta informacion con las posibles consecuencias que podrian resultar cuando las aves usan sus cantos en el
contexto de seleccion sexual, un proceso que ha sido reconocido ampliamente como una fuerza mayor que
moldea la evolucion del canto en las aves. Sugiero que, dependiendo de la naturaleza especie-especifica de los
procesos de seleccion sexual en relacion a los cantos del emisor, el ruido ambiental podria estar menoscabando
las probabilidades de reproduccion en diferentes grados en distintas especies. Por ejemplo, aquellas especies
cuyos cantos son efectivos para comunicar en ambientes ruidosos, pero que al mismo tiempo disminuyen la
probabilidad del emisor de atraer una pareja y defender un territorio, podrian enfrentar una reducciéon mayor
en éxito reproductivo que si el canto del emisor falla en un aspecto de seleccion sexual (p. ej. atraccion de la
hembra), pero no en otro (p. ej. competencia entre machos). Mas estudios son necesarios si queremos obtener
una imagen mas clara de las posibles consecuencias que podrian resultar de la interaccion entre el ruido
ambiental y la seleccion sexual. Algunas de las preguntas que necesitan respuestas son: ;hasta qué punto el
ruido ambiental perjudica los procesos de seleccion sexual en la naturaleza? ;Son los sub-oscinos igual de

vulnerables que los oscinos?

Palabras clave: Canto de aves, seleccion sexual, ruido, antropogénico.

INTRODUCTION

For obvious reasons most research on the effects
of ambient noise on behavior and physiology has
been carried out in humans (e.g. Hockey 1970, Evans
et al, 2001, Melamed & Bruhis 1996, Stansfeld ef al.
2005, Muzet 2007). On the other hand, and because
ambient noise can disrupt acoustic communication,
much research on non-humans has focused on animals
that communicate using acoustic signals and on the
effects of this form of pollution on these signals (e.g.
frogs, Narins et al. 2004, Witte et al. 2005, Feng et
al. 2006, Feng & Narins 2008; fishes, Scholik & Yan
2001; primates, Brumm et al. 2004). In this field much
attention in the recent years has been given to birds
(reviews in Brumm & Slabbekoorn 2005, Patricelli
& Bickley 20006). In part, this is because biologists
have long been interested in trying to understand the
function and origin of birdsong diversity and ambient
noise can be viewed as one factor influencing song
variation. The evolution of birdsong, however, has
been most studied invoking processes of sexual
selection (i.e. mate choice and competition for a
mate, Catchpole & Slater 2008), and it is clear that
many important aspects of the life of birds, some of
which are related to sexual selection, are mediated
by acoustic signals. For instance, birds may use
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vocalizations (i.e. calls or songs) to interact with their
offspring (Kilner & Johnston 1997), maintain group
cohesion (Ritchison 1983) and pair bonds (Swaddle &
Page 2007), to attract a mate (review in Catchpole &
Slater 2008), stimulate it for reproduction (Kroodsma
1976), and compete with other individuals of the
same sex for a territory (review in Catchpole & Slater
2008), a prerequisite in many species before males
can attract a mate. All these processes can have a
direct or indirect effect on fitness and it thus becomes
relevant to study the possible effects of disrupting
factors (such as urban noise, see below) both on
acoustic signals and on attributes of populations or
communities (e.g. population density, diversity).
Ambientnoisemaydisruptacousticcommunication,
especially when its frequency overlaps that of the
acoustic signal, and when the signal to noise ratio
(SNR) is below the detection threshold of the receiver
(Marten & Marler 1977). Therefore, urban noise
may represent a relatively novel factor that birds
may have to deal with if they are to communicate
and reproduce. One strategy that birds may use to
communicate in noisy locations is adjusting their
vocalizations to different noise levels so as to make
their signals stand out more, and thus ambient noise
may potentially influence birdsong structure. Noise is
generally understood as any sound that interferes with
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the proper transmission of an acoustic signal, from
sender to receiver (Brumm & Slabbekoorn 2005). If
we bear this in mind, it will not be surprising to see
that ambient noise is ubiquitous and also common in
natural habitats (e.g. wind, waterfalls, sounds from
other animals), and animals that use acoustic signals
to communicate, and live in natural settings, may
have had enough time for such sources of ambient
noise to be considered as an important selective factor
shaping the evolution of their vocalizations.

In this review, I first explore the different strategies
that may help birds to deal with ambient noise in
general and urban noise in particular, and give
examples of how these strategies lead to different
changes in song attributes. In the second part, I
consider how these changes in song characteristics
may interact with intra- and inter-sexual selection
processes with potential fitness consequences.

THE STRATEGIES

Birds can change or adjust their vocalizations
in relation to noise levels in different ways. Some
of the most studied strategies that birds may use to
avoid acoustic interference from noise are related to
adjusting the frequency, temporal or amplitude related
parameters of song. An additional strategy that birds
may use to deal with noise, and that has received some
attention, refers to shifting the timing of singing. These
vocal adjustments can be “short term adaptations”
or “long term adaptations” (Brumm & Slabbekoorn
2005). The first case refers to changes that are based
on plasticity, whereby a singing bird is able to adjust
its vocalization in response to current levels of noise.
On the other hand, long term adaptations are related
to evolutionary change whereby, in this case, noise is
a selecting factor that leads some birds that sing in a
particular way to be favored by selection while others
are selected against. There is a third intermediate way
in which birds can achieve vocal adjustments. That is,
by means of song ontogeny and learning (Slabbekoorn
& Peet 2003, Wood & Yezerinac 2006). For instance,
if young birds learn only those songs that, in a noisy
environment, can hear (e.g. high pitched songs, see
below), they may end up singing only high pitched
songs, even if the tutor sang also low pitched songs.
This could result in a long term vocal adjustment
based on song development. Although the term

“adaptation” is generally used to mean evolutionary
change, in this work [ will use it simply to refer both to
short term and long term adjustments of vocalizations
to different levels of noise.

ADJUSTMENTS IN FREQUENCY RELATED
PARAMETERS

The first work reporting that birds could change the
frequency of their songs in relation to different levels
of ambient noise, in this case urban noise, was that of
Slabbekoorn & Peet (2003). They studied a population
of great tits (Parus major) in the Dutch city of Leiden,
and found a positive correlation between the minimum
frequency of their songs and the level of urban noise,
meaning that those birds living in noisier places sang
songs with a higher pitch than those birds in quieter
areas. This result was later confirmed in a comparison
among different populations (Slabbekoorn & den
Boer-Visser (2006). These authors found that great
tits in ten different capital cities across Europe sing
higher pitched songs than their counterparts in nearby
forests, which is consistent with the idea that great tits
sing higher pitched songs in noisy locations as a way
to evade noise masking. As the energy of urban noise
is concentrated in low frequencies, singing higher
pitched songs, well above this frequency, may aid
birds to avoid noise masking.

This correlation between song frequency and
noise level has also been found in song sparrows
(Melospiza melodia, Wood & Yezerinac 2006), house
finches (Carpodacus mexicanus, Fernandez-Jurizic et
al. 2005), and chaffinches (Fringilla coelebs, Brumm
& Slater 2006). The correlation found in this last
study, however, should be taken cautiously because
it depended on a single bird that was considered as
an outlier. Another important common result among
all these studies is that, while birds were shown to
sing songs with a higher minimum frequency in noisy
environments, this correlation was not found for the
maximum frequency of their songs. In laboratory
experiments, Lohr et al. (2003) showed that sounds
with greater bandwidth are more difficult to detect.
Thus, increasing the minimum frequency, but not
the maximum frequency, in noisy conditions may
render songs more easily detected. These studies
(Slabbekoorn & Peet 2003, Wood & Yezerinac 2006,
Fernanndez-Jurizic et al. 2005, Brumm & Slater
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2006) were all correlative, and it is not clear whether
the reported vocal adjustments are short term or
long term changes. However, in the case of great tits
(Slabbekoorn & Peet 2003), it is suggestive for a long
term adaptation that some males at noisy places kept
singing high pitched songs even during quiet periods.
Given that all these four species are oscines, in which
song ontogeny involves a learning process, it is
possible that the observed vocal adjustments are the
result of changes during song ontogeny (Slabbekoorn
& Peet 2003). In another study, aimed at elucidating
the influence of sound transmission on song structure
in structurally different habitats, Slabbekoorn et al.
(2007) compared the minimum frequency of dark-
eyed juncos (Junco hyemalis) songs from an urban
population and those from different forest populations.
They found that the minimum frequency of songs
recorded in the urban population was higher than
those recorded in the forests populations. Assuming
that the noise levels were higher in the urban habitat,
this result is consistent with the idea that dark-eyed
juncos sing at a higher pitch in noisy environment
to escape noise masking. So far, the capability for a
plastic and shortterm vocal adjustment to current noise
intensities has been demonstrated for the Bengalese
finch (Lonchura striata var. domestica, Tumer &
Brainard 2007). In this laboratory study, Tumer and
Brainard used a reinforcement contingency procedure
by which Bengalese finches were conditioned to
increase or decrease the fundamental frequency of
single syllables within a song. These authors applied
bursts of white noise to particular targeted syllables,
and found that these syllables were the only ones
whose frequency was modified within the song. Thus,
this study shows a remarkable capacity of Bengalese
finches to select only those syllables that are being
masked by noise and modify their frequency. It is
possible that other avian species may use similar
“syllable pitch plasticity” capabilities to deal with
ambient noise in natural settings. This remains an
interesting possibility to be studied in the future.

ADJUSTMENTS IN AMPLITUDE RELATED
PARAMETERS

Perhaps the most obvious way in which animals
that use sounds to communicate can override the
masking effects of noise is by vocalizing loudly (i.e.
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with high amplitude). The Lombard effect, an increase
in vocalization amplitude or intensity in response to
background noise, has been most extensively studied
in humans (e.g. Herbert et al. 1989, Scott & Lang
1992, Junqua 1993, Patel & Schell 2008), and has
also been shown to occur in birds in laboratory and
natural conditions (see below). Measuring amplitude
in sound signals in the field is a complex task
because amplitude level will depend on a number of
factors. For instance, the registered amplitude level
will vary with the relative position and angle of the
microphone in relation to the source of sound (e.g.
the beak of the bird) and with the distance of the
source of sound to the microphone. It is, perhaps,
because of these technical difficulties that measuring
birdsong amplitude in the field was not reported
until the pioneering work of Henrik Brumm at the
beginning of this century (Brumm 2004). However,
experiments to study the Lombard effect in birds, in
more controlled laboratory conditions, were carried
out earlier (e.g. with the budgerigar, Melopsittacus
undulatus, Manabe et al. 1997; with the zebra finch,
Taeniopygia guttata, Cynx et al. 1998; with the
nightingale, Brumm & Todt 2002). These laboratory
studies showed that birds, like humans, are capable
of voluntary modification of the amplitude in their
songs so as to make their vocalizations more audible
in noisy conditions. The question then arises whether
free living birds also make use of this capacity to
avoid noise masking? The work by Brumm (2004)
demonstrated that free living nightingales, living in
Berlin, sing songs with higher amplitude in places with
more urban noise than in quieter ones. By comparing
the amplitude of songs in three birds on two different
days (one at the weekend, the other a working day),
he also showed that a particular individual is capable
of adjusting the amplitude level of its songs according
to different levels of noise on those different days,
thus confirming the ability of single individuals to
modulate the amplitude of their songs, a short term
and plastic adaptation.

In this section it is worth noting the study by Wood
& Yezerinac (2006) with song sparrows. They found,
not only that the lowest frequency of song sparrows
songs was higher with higher levels of urban noise,
but also that there are modifications in the amplitude
within the songs. In particular, they showed that
song sparrows in noisy places produce songs with
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a relatively higher energy (amplitude) level in the
upper frequency range (4-9 kHz) of their songs than
in the lower frequency range (1-4 kHz). However, the
mechanism by which song sparrows achieve this, or
whether this is a short term or long term adaptation,
is still unclear.

ADJUSTMENTS IN TEMPORAL
ATTRIBUTES OF SONG

The evidence for, and patterns of, temporal
adjustments in songs in relation to urban noise is less
clear than that found with frequency or amplitude
related song parameters. Theoretically, birds should
increase the length of their vocalizations (i.e.
increase the number of syllables or elements), or
sing with increased serial redundancy (i.e. sing the
same song type several times before switching to
another song type) in noisy environments, because
this would increase the probability that the signal is
detected (see Fernandez-Juricic et al. 2005, Brumm
& Slater 2006). This is exactly what Brumm &
Slater (2006) found with a population of chaffinches
(Fringilla coelebs) living in the wild. They showed
that chaffinches living near natural sources of noise
(i.e. waterfalls and torrents) sang longer bouts of the
same song before switching to another type. This
suggests that, in noisy environments, chaffinches
sing the same song type more times than in quiet
locations, because this increases the probability that
the message will be detected by a potential receiver.
In the other hand, and contrary to expectations,
house finches sang shorter songs (i.e. songs with
fewer syllables) in noisy environments (Fernandez-
Juricic et al. 2005). It is unclear why house finches
sing shorter songs in noisy locations. One possibility
is that, if house finches also sing higher amplitude
songs with increasing levels of urban noise, they face
a trade-off between song amplitude and number of
notes per song to optimize the energy that will be
used during the breeding season (Fernandez-Juricic
et al. 2005), or could also be a short-term interaction,
so that performance constraints oblige the two to be
negatively related. The study of Wood & Yezerinac
(2006) with song sparrows, showed a non-significant
tendency (P =0.13) for songs to have fewer notes in
noisy places than in quiet ones.

Slabbekoorn et al. (2007), compared different

song attributes of dark-eyed juncos (J. hyemalis)
among different forest populations and an urban one,
and found no significant differences in song length
in these populations. Slabbekoorn & den Boer-Visser
(2006) studied in more detail the effects of urban noise
on great tit songs, but this time comparing different
populations. They compared the songs of birds from
ten different European capitals with songs recorded
in nearby forests close to these cities, and found that
great tits in cities sing rare song types consisting of
one, five or more notes, whereas great tits in forests
sing more song types (the so-called common song
types) composed of 2, 3 or 4 notes. Songs from city
birds were shorter and involved shorter inter-song
intervals than those from forest birds. Additionally,
urban songs had shorter first notes than forest songs,
resulting in that these songs were produced in a
hurried-fashion. Slabbekoorn & den Boer-Visser
(2006) suggest that this temporal shift in the first
note may be in part related to different structures in
habitat, where more open habitats (like urban areas),
relative to more close habitats (like forests), favor the
use of acoustic signals produced as repetition of short
elements (Slabbekoorn & den Boer-Visser 20006).
Clearly, more studies are needed to assess whether
changing temporal features of songs is a general
strategy that birds use to cope with noise.

From all these studies, and regardless of whether
this refers to a short term or a long term adaptation,
it seems that a variety of songbirds may increase the
amplitude and minimum frequency of their songs to
cope with ambient noise. On the other hand, studies
addressing changes in song temporal parameters in
relation to noise intensity have yielded different
results, some of which may be confused with other
factors that may as well influence song structure, such
as different habitat structures (i.e. open and closed
habitats).

SHIFTS IN TIMING

Another way in which animals may cope with
ambient noise is by avoiding signaling during
the time at which noise is more prevalent. This
phenomenon has been addressed both considering
natural and anthropogenic sources of noise, and for
intraspecific and interspecific interactions (Cody &
Brown 1969, Ficken et al. 1974, Popp et al. 1985,

Oecol. Bras., 13(1): 153-164, 2009



158 RIOS-CHELEN, A.A.

Waserman 1977, Brumm 2006, Fuller et al. 2007).
For instance, Ficken et al. (1974) found an interesting
temporal singing pattern between two different bird
species, the red-eyed vireo (Vireo olivaceus) and the
least flycatcher (Empidonax minimus), both of which
sing within the same frequency range. Ficken and
her collaborators showed that flycatchers tend not to
start singing if a vireo is already singing, while the
opposite pattern was not so strong. They also showed
that the least flycatcher, but not the vireo, tended
to “insert” its songs between different songs of the
other species. Thus, it seems that the flycatcher plays
a more active role in avoiding acoustic interference
by vireo songs, rather than vice versa. This can be
explained if the length of the songs is considered.
The songs of the red-eyed vireo are longer than those
of the least flycatcher. Therefore, there is a higher
probability that, if the two species sing at the same
time, the entire song of a flycatcher will be masked
by the song of a vireo, while only a fraction of the
vireo song would be masked by the flycatcher
song (Ficken et al. 1974). Experiments to study
shifts in timing to avoid temporal overlap between
acoustic signals from different individuals have also
been conducted (Popp et al. 1985, Brumm 2006).
For instance, the study by Brumm addressed the
responses of nightingales (Luscinia megarhynchos)
to song playback of six different species that breed
in sympatry with nightingales, and found that this
species avoids temporally overlapping its songs with
those of the other species, by singing during the silent
intervals between the heterospecific songs.

In this section it is worth noting a study by Planqué
& Slabbekoorn (2008). They studied 20 different
bird species in a neotropical rain forest (in Peru) and
considered two different strategies that birds may use
to cope with noise: avoiding temporal overlap and
avoiding frequency overlap. As neotropical forests
have high biodiversity, this also means that these
habitats are very noisy and acoustically complex, with
much of the noise coming from different bird species.
Thus, these authors predicted that birds should
exhibit temporal and frequency avoidance between
members of different species. Furthermore, as the
acoustic space is limited, they predicted a negative
relationship between temporal and spectral overlap;
that is, species that show a high degree of temporal
overlap should show a low degree of frequency
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overlap, and vice versa. The results showed that
some species may avoid temporal overlap with other
species, especially if they sing within the most used
frequency range of the bird community, but they did
not find a general negative trend between frequency
overlap and temporal overlap.

From all these studies cited above, it becomes
apparent that many bird species have adopted a
“shift in timing” strategy to avoid temporal overlap
between their acoustic signal and those of other
individuals. All these studies consider a short
temporal scale, whereby birds take advantage of
small time-windows of silence to sing their own
songs. An effect of ambient noise on a larger
temporal scale is also possible, as demonstrated
by Fuller et al. (2007). These authors studied a
population of European robins (Erithacus rubecula),
and demonstrated that robins living in areas with
high levels of anthropogenic noise during the day
sing at night. Furthermore, they showed that the
effect of noise was more important than the possible
effect of the high ambient light in urban areas at
night. Their results suggest that robins have adopted
a major change in the time they sing (i.e. a change
from singing during the day to singing at night) to
overcome the acoustic interference of urban noise.

THE INTERPLAY BETWEEN AMBIENT
NOISE AND SEXUAL SELECTION

As stated in the introduction, it has been realized
that sexual selection has played an important role
in shaping the structure of bird song (review in
Catchpole & Slater 2008). It has been suggested that
long and complex songs may have evolved via inter-
sexual selection (i.e. female mate choice), while
short and more simple songs may have done so via
intra-sexual selection (i.e. male-male competition)
(Catchpole 1982). Ambient noise may disrupt vocal
communication and impair the process of sexual
selection. If birds change their songs to cope with
background noise, and if these changed songs are
less preferred by females or are less effective for
obtaining or maintaining a territory, the reproductive
success of birds may be negatively affected. Traffic
noise has been argued to probably be the most
important cause for a reduction in densities of
bird species near roads and high ways (Reijnen &
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Foppen 1994, Reijnen et al. 1995). However, to the
best of my knowledge, there are as yet no studies
directly addressing how urban noise may impair the
process of sexual selection in nature. Laboratory
evidence indicates that white noise can erode female
preferences in the zebra finches (Swaddle & Page
2007); that is, females showed a decreased preference
for their mate in noisy conditions. Swaddle & Page
(2007) argue that this could have occurred because
white noise may have masked or distorted the contact
calls of the (male) mate, or because the female could
no longer recognize her mate.

If different strategies to deal with noise mean that
this type of pollution hampers the process of sexual
selection, this may be more evident in species that,
as part of those strategies, change the structure of
their songs (i.e. frequency or temporal parameters).
In this section I briefly review the evidence of sexual
selection processes operating in those few species
that have been shown to change the structure of
their songs in relation to ambient noise. However,
as more information is needed to obtain insight
into how ambient noise may affect the processes of
sexual selection, part of this section is necessarily
speculative. I end up citing studies from other species
that may give a general panorama of the possible
problems that birds may face while trying to attract
a mate or compete with other males for a territory in
noisy environments.

PARTICULAR CASES
THE GREAT TIT

Krebs et al. (1978) studied the function of the song
repertoire (number of different types of songs) in
great tits in UK. They removed from their territories
male great tits and replaced them with loudspeakers.
Some of these speakers broadcast many different
song types (a large repertoire), while others broadcast
only a small repertoire. They clearly showed that
new males occupied the territories “defended” by
small repertoires well before those in which the large
repertoires were broadcast. This suggests that great tits
singing large song repertoires may be more efficient
at obtaining and defending a territory, a prerequisite
for many passerines before they can attract a female
and reproduce. So far, there are no studies reporting
a relationship between song repertoire size in relation

to ambient noise levels in the great tit or any other
avian species. However, Slabbekoorn & den Boer-
Visser (2006) reported that songs in cities were
shorter in duration, with the first note being shorter,
and involved smaller intersong intervals than those
songs recorded in forests. This resulted in city songs
being produced at a faster rate (i.e. “hurried” songs).
This is especially relevant if we consider that, by
means of a playback experiment, McGregor & Horn
(1992) showed that great tit songs may contain
important information for male-male interactions in
a temporal song parameter. They obtained evidence
that the strophe length of great tit’s songs can contain
information on the strength of response a male is
able to give during male-male interactions. Thus,
the information content of the acoustic signal could
be modified if great tits sing shorter songs in noisy
environments.

On the other hand, and although great tit song has
also been related to the female fertile period (i.e. males
sing more as egg laying approaches) (Mace 1987), no
study has addressed female preference among song
variants where the pitch or the length of temporal song
parameters have been manipulated. This remains an
interesting possibility for future research.

THE SONG SPARROW

The data for song sparrows are contradictory.
On the one hand, Searcy (1984) found that female
song sparrows in the laboratory are more sexually
aroused by large song repertoires, but at the same
time he found no evidence of a relationship between
song repertoire size and mating success in nature.
He concluded that song repertoire size has no
important influence on female mating preferences
in this species. Regarding the function of territory
defense, Nowicki ef al. (2002) showed that territorial
song sparrows respond to simulated intrusions in a
playback experiment, showing that this species uses
song in the context of territory defense. However,
it is not known whether females and males are
sensitive to subtle variations in song attributes that
vary with ambient noise (e.g. the pitch of songs), and
thus no evidence can be invoked to propose whether
song sparrows coping with background noise may
be impairing their ability to efficiently repel other
males from their territories.

Oecol. Bras., 13(1): 153-164, 2009



160 RIOS-CHELEN, A.A.

THE CHAFFINCH

A clearer picture of how variation of chaffinch
songs in the temporal domain can influence male-
male and male-female interactions results from
the studies of Riebel & Slater (1998) and Leitdo &
Riebel (2003). Chaffinch song is composed of two
structurally different parts: a series of repeated notes
(the trill) followed by a sequence of complex, and
often non repeated, elements (Leitdo & Riebel 2003).
Riebel & Slater (1998) and Leitao & Riebel (2003)
found that females prefer songs with relatively longer
flourishes, while males are more aroused by songs with
relatively shorter flourishes. This suggests a possible
conflicting function in the context of sexual selection,
whereby songs with longer flourishes may be used to
attract mates and songs with shorter flourishes may
be more effective during male-male interactions.
Unfortunately, the study by Brumm & Slater (2006)
of chaffinches singing in noisy conditions did not
address whether there might be a difference in the
relative durations of the trill and flourish. No data are
available on the possible male or female chaffinch
responses to songs differing in pitch either.

THE HOUSE FINCH

A laboratory experiment has given clear evidence
that female house finches prefer long songs over short
songs (Nolan & Hill 2004). Furthermore, in a field
study, Mennill et al. (2006) found that the mates of
house finches singing longer songs initiated their
first clutch earlier. Thus, both studies combined give
strong evidence that females prefer males that sing
longer songs. Fernandez-Juricic et al. (2005) showed
that house finches singing in noisy locations sang
shorter songs. Therefore, the house finch is probably
the only example from which there is sufficient data
to make clear predictions on how the influence of
noise on song may have consequences for sexual
selection. In this case, it is possible that males singing
in very noisy locations are less preferred than males
in relatively quiet places, unless female preferences
have coevolved in the same direction as male songs,
a possibility that has not yet been studied. There are
no available data regarding the responses of female
house finches to songs differing in pitch. Finally,
house finches are non-territorial birds, and therefore
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male-male interactions probably play a less important
role in shaping the evolution of songs in this species.

From this section it is clear that more data on
female and male responses to different song variants
(especially where frequency and temporal song
parameters are manipulated), is urgently needed
if we are to have a clearer picture on how ambient
noise may hamper female mate choice and male-male
competition.

STUDIES IN OTHER SPECIES

Studies in coal tits (Parus ater, Adhikerana &
Slater 1993) and vermilion flycatchers (Pyrocephalus
rubinus, Rios-Chelén & Macias Garcia 2007) show
that longer songs are perceived by males as more
threatening signals. Similarly, Balsby & Dabelsteen
(2001) demonstrated that
communis) respond more strongly to small repertoires

whitethroats  (Sylvia
that have been artificially elongated in the time
domain than to small repertoires of “normal” length,
suggesting that song length carries information on
the level of arousal of the emitter. On the other hand,
there are species that use shorter songs for male-male
communication. For example, Hoelzel (1986) and
Galeotti et al. (1997) found that the robin (Erithacus
rubecula) and the European starling (Sturnus
vulgaris) respectively, sing short songs in aggressive
intra-sexual and competitive contexts. A similar case
can be made in the context of inter-sexual selection.
There is evidence that long songs or long song bouts
are preferred over shorter ones by females. This has
been shown not only for the house finch (Nolan &
Hill 2004, discussed above), but also for other bird
species like the white-crowned sparrow (Zonotrichia
leucophrys, Wasserman & Cigliano 1991) and the
European starling (S. vulgaris, Eens et al. 1991). If the
bird species mentioned in this paragraph sing shorter
songs in noisy environments, as has been shown for
the great tit (Slabbekoorn & den Boer-Visser 20006)
and the house finch (Fernandez-Juricic et al. 2005),
the possibility exists that ambient noise may impair
their capacity to defend a territory, especially in those
species where longer songs are more threatening
signals, or to effectively attract or stimulate a female.
Those species that use shorter songs during contests
between males may suffer less from the influence of
background noise in those male-male interactions, but
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may, on the other hand, face a increased probability
of failing to attract or stimulate a female.

In relation to frequency parameters, Dabelsteen &
Pedersen (1993) and Cardoso et al. (2007) have shown,
for blackbirds (Turdus merula) and serins (Serinus
serinus) respectively, that females prefer high pitched
songs over low pitched ones. On the other hand,
female canaries (Serinus canaria) were more sexually
stimulated by songs in which the frequency of the
“sexy” phrase was unaltered or lowered than by songs in
which the frequency of this phrase was raised (Pasteau
et al. 2007). Regarding song frequency and male-male
competition, it has been shown, in an inter-specific
study, that song frequency negatively relates to body
weight in passerine birds (Wallschlidger 1980), which
is relevant in the context of male-male competition
because heavier individuals may be bigger and stronger
(ten Cate et al. 2002). Indeed, different song attributes
may signal different aspects of male competitive
potential (Galeotti et al. 1997) and in many different
animals larger individuals produce lower frequency
sounds (ten Cate et al. 2002). Thus, the frequency of
songs could convey information on the singer’s ability
to fight (review in ten Cate et al. 2002). It becomes clear
that if birds sing at a high pitch to avoid noise masking,
they may be transmitting the wrong message to other
male competitors; that is one that does not reflect the
male’s real ability to fight. This could result in escalated
fights that, in turn, translate into lower reproductive
success. This possible cost could be overcome to some
extent if females (e.g. blackbirds and serins) prefer to
mate with those males singing higher pitched songs,
or could be increased if females (e.g. canaries) discard
those males as potential mates.

CONCLUSIONS

Most studies aimed at understanding how birds
cope with ambient noise have been carried out in
oscine birds. Sub-oscines birds, a group of passerines
in which learning does not seem to play a role in song
development (Kroodsma 1982, but se Kroodsma
2004), have been unstudied. Given that in this group
of birds song production is thought to be more
determined by an endogenous mechanism, they can
be expected to produce relatively less variable and
plastic songs than oscines. This raises the question
of whether sub-oscines are capable of some of the

strategies observed in oscines when dealing with
noise (e.g. sifts in frequency). If they are not, what
other strategies have they developed to deal with this
kind of pollution? Are they more vulnerable than
oscines in noisy environments? These are important
questions that need answers if we are to have a more
general panorama of the challenges that acoustic
pollution impose to passerines.

Additional questions that probably will be studied
in the next years have to do with the mechanisms of
local adaptation to noise and some of'its consequences.
Are the strategies that birds use to get their signals
through noisy environments short-term or long-term
adaptations? Can ambient noise have an influence
on population differentiation, and eventually on
speciation? To what extent is ambient noise impairing
the probabilities of attracting a mate or defending a
territory in nature?

The extent to which bird species may be being
affected by ambient noise may depend in part on how
they use their songs in the contexts of inter- and intra-
sexual selection. More studies are needed to have a
clearer picture of the outcome that may result from
the interaction between ambient noise and sexual
selection processes. Those birds that are being affected
both in the contexts of intra-sexual competition and
mate choice may suffer a greater cost than those that
perform poorly in one aspect of sexual selection but
have an advantage in the other. Bird species could be
facing different reproductive constraints depending
on how the interplay between sexual selection and
ambient noise they experience.
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