
Chapter 3
The Bird Dawn Chorus Revisited

Diego Gil and Diego Llusia

Thou hearest the Nightingale begin the Song of Spring:
The Lark, sitting upon his earthy bed, just as the morn
Appears, listens silent, then, springing from the waving corn-
field, loud
He leads the Choir of Day—trill! trill! trill! trill!
William Blake (Milton: a Poem, 1810)

Abstract The bird dawn chorus has fascinated humans since ancient times, but still
today numerous questions remain unclear. This chapter will explore this puzzling
phenomenon, a communal display that likely involves the highest level of sound
complexity found among animal signals. Covering from the first descriptive studies
to recent multidisciplinary approaches, we review the physiological, behavioural and
environmental factors affecting dawn chorus. In addition, we provide a critical
assessment of the supporting evidence for the functional hypotheses proposed so
far to disentangle its proximal and ultimate causes. We find that, despite the latest
empirical and theoretical studies, there is still a good degree of confusion, and that
four out of the nine hypotheses proposed so far in the literature have not been
empirically tested. We show that most of these hypotheses are not incompatible with
each other, and that their explanatory value changes depending on the species and

D. Gil (*)
Departamento de Ecología Evolutiva, Museo Nacional de Ciencias Naturales (CSIC), Madrid,
Spain
e-mail: diego.gil@csic.es

D. Llusia
Departamento de Ecología, Terrestrial Ecology Group, Universidad Autónoma de Madrid
(UAM), Madrid, Spain

Centro de Investigación en Biodiversidad y Cambio Global (CIBC-UAM), Universidad
Autónoma de Madrid, Madrid, Spain

Departamento de Ecologia, Laboratório de Herpetologia e Comportamento Animal, Instituto de
Ciências Biológicas, Universidade Federal de Goiás (UFG), Goiânia, GO, Brazil
e-mail: diego.llusia@uam.es

© Springer Nature Switzerland AG 2020
T. Aubin, N. Mathevon (eds.), Coding Strategies in Vertebrate Acoustic
Communication, Animal Signals and Communication 7,
https://doi.org/10.1007/978-3-030-39200-0_3

45



the season. We argue that, at any rate, a single explanation may not be a reasonable
expectation. The best-supported hypotheses for early singing provide three comple-
mentary lines of explanation: (1) singing at dawn has a relatively low energetic cost,
most likely because it does not interfere with feeding; (2) is optimal to manipulate
female mating or settle territory boundaries; and (3) may promote a handicap
mechanism that prevents dishonest signalling. Thus, it follows that a combination
of hypotheses based on both an optimality standpoint and costliness assumptions is
needed to understand the phenomenon. We provide a series of specific suggestions
for further research to refine our knowledge of this intriguing aspect of animal
behaviour.

3.1 Introduction

The bird dawn chorus has fascinated humans and aroused their interest since ancient
times. The use of roosters as clocks is likely as old as chicken domestication itself,
which recent studies trace back to 3000 BT (Peters et al. 2016). The classical Greek
and Latin literature, as well as the Bible or later the writings of the Romantics, is rife
with references to bird song being used as an announcement of sunrise (Armstrong
1963; Doggett 1974). Romeo famously leaves Juliet’s chamber in a hurry when he
realises that it was a lark, and not a nightingale, the bird that woke him up
(Shakespeare 1597). Today the bird dawn chorus keeps intriguing us, and numerous
questions about this puzzling behavioural phenomenon are still unclear.

It is impossible to envisage a review on this question without building on previous
efforts, such as those of Kacelnik and Krebs (1983), Mace (1987b) and more recently
Staicer et al. (1996), which have been seminal in shaping modern research on the
dawn chorus. Staicer et al. (1996) summarised 12 different hypotheses on the dawn
chorus, classified in three groups (intrinsic, social and environmental), and examined
them in relation to empirical support. Now, more than 20 years since this key review,
we wish devote this chapter to revisiting the status of the different hypotheses in the
light of the studies published in the last decades. As the approach and terminology in
Staicer et al. (1996) has been widely applied, here we proceed using a similar
classification of hypotheses (Table 3.1).

Starting by briefly describing the general features of the bird dawn chorus, this
chapter outlines a series of issues that appear when we try to disentangle its proximal
and ultimate causes. On this overall basis, we move on to discuss, one by one, the
main factors affecting this phenomenon and the explanations that have been pro-
posed to explain why birds sing at this particular time. To do so, we use the
following structure: (1) we report the patterns, variations and known facts about
the bird dawn chorus in relation to physiological, behavioural or environmental
factors; (2) we present functional hypotheses that are derived from these observa-
tions; and (3) we critically assess the supporting evidence for such hypotheses and its
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primary predictions, pointing out remaining questions and proposing further studies
to test them.

An important omission of our review is female song. A series of studies have
emphasised that female song is more widespread than traditionally assumed
(Langmore 1998), actually being the evolutionarily ancestral state in birds (Odom
et al. 2014). However, research on female song is still underrepresented in the
literature (Riebel et al. 2005) and we have found almost no reference to female
song in the dawn chorus literature. We believe that very interesting insights may be
gained by comparing male and female patterns of singing with respect to dawn in
those species that show female song. But in the remainder of the chapter we will deal
with male song only.

3.2 The Bird Dawn Chorus

The dawn chorus is a daily period of high singing activity shown by most passerine
and some non-passerine species in the breeding season. This burst of singing
typically starts for the earliest species around nautical twilight (sun at 12� under
the horizon), and is followed in a rather orderly fashion by other species until
sometime around sunrise (Thomas et al. 2002). Although the time of the first song
is a species-specific trait (Berg et al. 2006), during this period many species end up
overlapping their songs, leading to a more or less cacophonic chorus (Fig. 3.1) that
characterises the soundscapes of different avian communities (Farina et al. 2015). As
a result, probably no other daily period involves larger levels of sound complexity
among animal group displays (Burt and Vehrencamp 2005). Depending on latitude,
season and species composition, choruses can be more or less intense and prolonged,
but they occur in most breeding bird habitats (Staicer et al. 1996).

The first studies on the dawn chorus in the twentieth century were rather descrip-
tive, and dealt primarily with the order in which species sang (the bird-clock), and
with the effects of weather and moonlight on singing time (Allard 1930; Allen 1913;
Wright 1912). Further studies started to carefully measure the specific light level that
triggered the first song of each species, reaching more conclusive evidence for a
species-specific light singing level (Leopold and Eynon 1961; Scheer 1952). How-
ever, we have to wait until the 1980s to find the first considerations of the dawn
chorus from the perspective of behavioural ecology. In that sense, the pioneering
study by Alex Kacelnik and John Krebs (1983) is noteworthy, combining physio-
logical, ecological and behavioural perspectives. Since then, dawn song has been
examined from a multitude of angles, including physiology (Shimmura and
Yoshimura 2013), sexual selection (Dolan et al. 2007), reproduction (Kempenaers
et al. 2010), energy allocation (Hutchinson et al. 1993), noise pollution (Gil et al.
2015) and soundscapes (Farina et al. 2015). Thus, a comprehensive review of this
topic needs to cover a very wide range of subjects.

From the point of view of its features, the dawn chorus has also been studied
using a relatively broad range of measures. Undoubtedly, dawn chorus timing, and
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particularly the time at which each species or individual starts to sing within the
chorus (i.e. the time of the first song), has been one of the most frequently employed
parameters (Allard 1930; Gil et al. 2015; Leopold and Eynon 1961; Poesel et al.
2006; Scheer 1952). However, other researchers have focused on additional aspects,
such as dawn-related variations in song repertoire (Allard 1930; Allen 1913; Demko
et al. 2013; Kroodsma et al. 1989; Nelson and Croner 1991; Staicer et al. 1996), song
rate (Liu and Kroodsma 2007; Pärt 1991) or song characteristics (Halfwerk et al.
2011; Lambrechts and Dhondt 1986).

Fig. 3.1 Spectrograms of a temperate and a tropical avian community: (a) Forêt domaniale de la
Commanderie (Île-de-France, France: 48� 170 N, 2� 400 E, 85 m.a.s.l; April 2014) and (b) Ducke
Reserve (Manaus, Brazil: 2� 570 S, 59� 550 W, 92m.a.s.l; October 2009). The following avian species
can be detected: (a) Turdus merula, Turdus philomelos, Erithacus rubecula, Periparus ater and
Regulus regulus; (b) Attila spadiceus, Momotus momota, Ramphotrigon ruficauda, Dendrocolaptes
certhia and Dendrexetastes rufigula (in addition to at least one anuran: Dendropsophus reticulatus).
From unpublished recordings byDiego Llusia (France) and Thiago Bicudo (Manaus). Figure created
in Python v.3.7.4. Listen to sound clips at: http://sono.behavecol.es/en/landscapes
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In addition to the dawn chorus, it is important to note that a second peak of singing
at the end of the day, the dusk chorus, is also common (Cuthill and Macdonald 1990;
Møller 1988; Morse 1989), although less intense and dramatic (for a noteworthy
exception see McCabe 1951). This double-peaked circadian pattern is typical of
many activity patterns across diverse vertebrate taxa (Rusak 2013). Although we
only consider birds in this review, circadian cycles of signalling have also been
described in other animal groups, including crickets, crabs, fish, amphibians and
mammals (Au et al. 2000; D’Spain and Batchelor 2006; Green 1990; Greenfield
2015; Ord 2008). These similarities suggest two alternatives: (1) that there is wide-
spread selection for acoustic communication to exploit optimal times; (2) that selec-
tion focus on synchronization, allowing comparisons between signallers by
ritualizing the displays at the same time (West-Eberhard 1979; Zahavi 1980).

It is important to emphasise that the dawn chorus is a phenomenon that comprises
two levels: individuals within species, and species within communities. For most
functional studies, the dawn chorus implies the song of different individuals of the
same species at dawn. In that sense, the multispecies chorus would be the additive
consequence of selective pressures acting within species. Although some studies
have analysed interactions between species that may reduce song-overlapping time
(Planqué and Slabbekoorn 2008), no study that we know of proposes a multispecies
function of dawn chorusing in general. Nevertheless, some studies tentatively
suggest that some species within the chorus may converge in timing as a way of
competing among them or of extracting public information (Phelps et al. 2006;
Tobias et al. 2014).

Differences among species in the time of the first song at dawn are strong and well
known (Fig. 3.2), and were the main object of early descriptive studies (Allard 1930;
Allen 1913). Later on, Scheer (1952) transformed specific times into light intensity
levels for a few species, putting forward the concept of a species-specific light
intensity for first morning song (Singhelligkeit). Further studies recognised that
these values varied with seasonal and meteorological factors, although repeatability
in the order of species singing was still high (Leopold and Eynon 1961).

So, what is the cause of these interspecific differences? Armstrong was the first
author to recognise that eye size could explain dawn song timing, claiming that one
could get a good idea of what time a bird starts to sing by looking at its eyes
(Armstrong 1963). The first test of this hypothesis was conducted with European
species, showing that species with larger eyes start to sing earlier than species with
smaller eyes (Thomas et al. 2002). They also found that body size was an additional
predictor, with larger species starting to sing later than smaller species, although this
effect was less important than that of eye size. Further studies in other avian
communities have confirmed this relationship between eye size and dawn song
time (Berg et al. 2006; Chen et al. 2015; Gil et al. 2015). A study conducted in an
Ecuadorian rainforest showed that, in addition to eye size and body size, dawn song
timing was also explained by feeding stratum: birds in the well-lit canopy sang
earlier than birds foraging in the dark understory (Berg et al. 2006). An important
consideration in these studies is the need to control for phylogeny, since dawn timing
is a phylogenetically conserved trait, and a bias may appear because of the particular
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sampling of species of a given study (for instance suboscines sing earlier than
oscines: Berg et al. 2006).

Larger eye size implies larger pupils and corneas and an increased number of
photoreceptors, leading to improved visual acuity, a larger visual field width, and the
possibility of perceiving objects at lower light intensities (Martin 1993; Thomas
et al. 2002). Larger eye size has evolved in connection to nocturnal habits, capture of
mobile prey, use of dark habitats and increased flight distances (Garamszegi et al.
2002; Martínez-Ortega et al. 2014; Møller and Erritzøe 2010).

Fig. 3.2 Mean time of the first song for a temperate (blue) and a tropical (orange) avian community
(same areas as in Fig. 3.1). Grey scales represents dawn period, from nautical twilight to sunrise,
lasting for 70 min in Île-de-France and 45 min in Manaus. Unpublished data by Diego Llusia,
Thierry Aubin and Jérôme Sueur (France) and Diego Gil and Marconi Campos-Cerqueira (Brazil).
Figure created in R v.3.5.2
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3.3 Song Function Versus Dawn Chorus Function: Why
at This Time Precisely?

Before dealing with the question of why singing early, we need to answer the question
of why singing at all. Bird song is mostly produced bymales in temperate regions, and
is generally said to have twomain general functions: female attraction and territory or
resource defence (Catchpole and Slater 2008; Kroodsma and Byers 1991). Innumer-
able correlative and observational studies suggest a role for these functions (Catch-
pole 1982), and there are also a series of clever manipulations that provide
experimental support. Thus, for female attraction, there is strong evidence in several
species that nest boxes equipped with song playback attract more females than silent
boxes (Eriksson and Wallin 1986; Mountjoy and Lemon 1991). With regard to
territory defence, some studies show that playback-defended territories take longer
to be occupied than silent areas (Falls 1988; Krebs et al. 1978). Finally, a classical
study in which males were temporarily muted showed that song is necessary to keep
intruders away and to attract females in the seaside sparrow (Ammospiza maritima)
(McDonald 1989). In addition, there exists some less commonly studied functions of
song, such as deterring predators (Cresswell 1994) and self-stimulation in the case of
laying females (Cheng 1992). Moreover, song produced by females also deserves
more attention and much work is needed to clarify its particular function (Riebel et al.
2005).

Although the role of song in female attraction and resource defence can be general-
ised to many songbirds, the two functions do not have the same importance in different
species. In addition, there are large species-specific differences in the relative importance
of the two functions at different stages of the breeding season (Catchpole 1982). A
multitude of factors could influence this balance: differences in brooding rate
(multiple vs. single-brooded species), migratory behaviour (sedentary vs. migratory
species), risk of extra-pair paternity, intrusion rate, etc. It is indeed very difficult to
know to which audience or audiences precisely a bird is singing at a given time. The
same signal can be directed to a variety of intended receivers with different results: to
attract potential mates; to its already acquired mate, who may modify her investment in
response to the song (Gil et al. 2004); to its neighbours, who may use information on his
competitive abilities to update the territorial status quo (Sexton et al. 2007); or to floaters,
who may use song information to decide future settlement patterns (Amrhein and Erne
2006; Amrhein et al. 2004a). Deciding which is the most relevant receiver at a given
time is a difficulty that permeates most research on the dawn chorus, since adaptive
hypotheses about this trait are, by definition, intimately related to its function.

We must stress here that many studies attempt to explain the function of the dawn
chorus without addressing the key question: why singing at this precise time? In
other words, it is not enough to know that the dawn song is directed to the female or
to male neighbours; we must also explain why more singing occurs at this time than
later or earlier in the day. In this chapter, we will consider in turn all hypotheses that
have been proposed to explain dawn song in birds, even some for which the evidence
is still scant or negative (see Table 3.1 for a list of hypotheses).
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3.4 Factors Affecting the Dawn Chorus and Related
Functional Hypotheses

The dawn chorus has been the subject of a large number of disciplines, from
physiology of circadian rhythms to ecology of predation, energetics, visual percep-
tion and extra-pair paternity. We have classified the information gathered by these
different areas in the following sections, with the aim of providing a wide view of the
levels of variation shown by this phenomenon. To allow the reader to follow this
information more easily, we have associated each factor with the hypotheses that
most closely derive from that subject area.

3.4.1 Hormones and Other Internal Drivers: Proximal
Causation of the Dawn Chorus

Most of the temporal organization of the behaviour and physiology of animals is
affected by circadian rhythms, i.e. daily cycles of endogenous origin (Gwinner and
Brandstatter 2001). These rhythms are selectively responsive to specific environ-
mental factors, mainly to light and ambient temperature. In the case of birds, a
complex system that includes the retina, the pineal gland and the hypothalamus is
responsible for circadian organization (Cassone and Westneat 2012; Gwinner and
Brandstatter 2001). The key messenger within this system is melatonin, a hormone
that controls circadian pacemaking of behaviour and physiology. Secreted by the
pineal gland, melatonin has a primary role in regulating sleep and daily rhythms
(Bentley 2001; Haldar and Singh 2001; Rodríguez et al. 2001). Studies in several
species have established that daily cycles of singing are regulated by a central clock
system, and that neither light nor sound stimuli are always necessary to trigger the
response (Shimmura and Yoshimura 2013; Wang et al. 2012). In zebra finches
(Taeniopygia guttata), pinealectomy stops circadian rhythms of singing in constant
environmental conditions, but these can be restored by melatonin implants, showing
a role of this hormone in regulating circadian singing cycles (Wang et al. 2012).

Data show that circadian period length is highly heritable in great tits (Parus
major), suggesting that it might be an object of selection in response to ecological
pressures (Helm and Visser 2010). External factors, such as light, sound and singing
by conspecifics (see sections below) can interact with melatonin secretion and
strongly modify singing patterns. For instance, in the case of roosters (Gallus gallus
domesticus), both light levels and listening to other roosters increase the probability
and rate of crowing (Shimmura and Yoshimura 2013). It is not known whether
modifications in timing are brought about by a change in the responsiveness of the
organism to internal hormone secretions, or by a modification of hormone levels (for
a similar consideration in the case of testosterone see Hau 2007). Studies showing
that urban life leads to reduction of melatonin levels in Eurasian blackbirds (Turdus
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merula) suggest that the second mechanism is a likely possibility (Dominoni et al.
2013a, b).

In addition to the effect of melatonin, testosterone is also seasonally related to the
timing and performance of singing behaviour. For instance, studies in several species
show a seasonal match between the dawn chorus and a yearly peak of testosterone
levels (Foerster et al. 2002; Van Duyse et al. 2003). Besides, male great tits whose
androgen receptors had been experimentally blocked were less likely to show a dawn
song than control birds (Van Duyse et al. 2005), and a correlative study with
Eurasian blue tits (Cyanistes caeruleus) found a positive relationship between
male testosterone levels and dawn singing output before breeding (Foerster et al.
2002). However, these correlations between hormone levels and behaviour do not
demonstrate that testosterone is a direct modulator of singing. Moreover, other
experiments have failed to observe an effect of testosterone implants on dawn
singing characteristics (Kunc et al. 2006; Shimmura and Yoshimura 2013).

Hypothesis 1: Circadian Hormone Cycles
The possibility that dawn singing is an epiphenomenon of circadian fluctuations in
hormones was proposed by Staicer et al. (1996). Since androgens play an important
role in both the development and the expression of singing behaviour in birds and
other taxa (Alward et al. 2018), testosterone was the first hormone that was proposed
as candidate for this role. Although there is ample evidence showing that testoster-
one and singing behaviour are connected in songbirds (see above), the issue here is
not whether testosterone promotes singing, but rather whether circadian variation in
testosterone levels is responsible for the dawn chorus.

There is not much information on how androgen levels vary through the day, but
the existing data do not support this hypothesis at all. Some studies have shown that
levels of testosterone and luteinizing hormone (which stimulates testosterone pro-
duction) are higher at night and decrease in the early morning (Laucht et al. 2011;
Needham et al. 2017; Ottinger and Follett 1987; Rattner et al. 1982). This evidence
would imply that the daily peak of testosterone does not coincide with the dawn
chorus. Furthermore, a study in Japanese quail (Coturnix japonica) showed that
normal daily cycles of crowing were preserved regardless of whether males had been
castrated or not (Wada 1986). In addition, the dawn chorus of the silver-beaked
tanager (Ramphocelus carbo) in Amazonia shows a strong seasonality that is not
connected to an increase in testosterone levels (Quispe et al. 2016).

A more promising candidate for circadian regulation of behaviour is melatonin
(Hau et al. 2017). As mentioned above, there is experimental evidence for a role of
this hormone in affecting circadian and seasonal singing patterns (Cassone et al.
2008; Wang et al. 2012). However, documenting circadian rhythms of melatonin is
extremely difficult given the rapid fluctuations in concentration that occur during the
day and night, as well as the individual variation in cycling patterns (Seltmann et al.
2016). A common melatonin curve typically involves basal levels during the day
with a sudden peak soon before sleep, a maintained plateau for some hours and a
dramatic decrease some hours before dawn (Seltmann et al. 2016). Thus, melatonin
can explain why birds are awake before dawn, but this does not tell us much about
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why they are singing at this time. Although it is possible that species-specific
differences in dawn timing are connected to sleep cycles and melatonin secretion
patterns, little data are available on this respect. In addition, research shows that links
between melatonin and behaviour are extraordinarily plastic (Daan and Aschoff
1975). Thus, it would seem naive to assume that the dawn chorus is a mere
epiphenomenon of variation in this hormone. On the contrary, research suggests
that selection for early activation may drive changes in melatonin secretion
(Dominoni et al. 2013a).

An even more basal explanation of dawn and dusk choruses in birds could be
based on the fact that a whole suite of physiological and activity patterns show a
bimodal peak (early and late in the day), even in complete isolation from external
stimuli (Aschoff 1966; Refinetti 2016). Basic physiological processes related to
thermoregulation, metabolism or food intake are often described by a bimodal
pattern (Aschoff and Meyer-Lohmann 1955; Brandt and Cresswell 2009). These
circadian rhythms are similar to those found in bird singing and other signalling
routines (Cuthill and Macdonald 1990; Ord 2008). In that sense, it could be argued
that the most parsimonious explanation for the dawn chorus should be sought with
reference to basic organic functions, given the whole suite of physiological and
behavioural components that are affected in the same manner (Aschoff 1966).
However, it seems unlikely that the diversity of patterns observed in dawn chorusing
could be simply explained as non-functional consequences of circadian cycles (Hau
2007). The patterns that we describe in this chapter show large individual and
species differences, suggesting that ecological factors largely modulate this
behaviour.

Hypothesis 2: Self-stimulation of Androgen Production
This hypothesis was proposed in a previous review (Staicer et al. 1996) and, to our
knowledge, it has not yet been tested. According to this hypothesis, by singing at
dawn males would auto-stimulate their own gonadal hormone production, and this
would be advantageous later on in their daily social interactions. This suggestion is
based on studies that show that vocalizing influences ovulation patterns in female
African collared doves (Streptopelia roseogrisea) (Cheng 1992), or the bird’s own
androgen levels in budgerigars (Melopsittacus undulatus) (Brockway 1967). How-
ever, a role for this function in dawn singing remains highly speculative.

3.4.2 Breeding Cycle

A good way to understand the function of song is to examine the link between
breeding stages and singing behaviour (Catchpole 1973). Following this idea,
analyses on how dawn singing varies with breeding stage have led to hypotheses
about its possible functions (e.g. mate attraction, mate guarding, territory defence,
etc.).
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Surprisingly there is no comparative analysis examining how song timing with
respect to sunrise changes throughout the breeding season for different species
(Fig. 3.3). Available data show that in temperate areas, most species sing gradually
earlier with respect to sunrise as the reproductive season starts, and tend to sing later
when reproduction wanes (Allard 1930; Da Silva et al. 2014; Hasan 2011; Keast
1994a; Lein 2007; Leopold and Eynon 1961; Scheer 1952). This pattern is by no
means general and there are strong species- and population-specific differences. In a
study conducted in Norway, Amrhein et al. (2008) compared the singing behaviour
of blue and great tits across the season. They found that both species sang later
relative to sunrise as the season progressed and that, whereas single-brooded blue tits
stopped dawn singing after the laying period, great tits continued singing, possibly
preparing for a second brood (Amrhein et al. 2008). In contrast, other populations of
blue tits sing increasingly early as the season progresses (Da Silva et al. 2014; Poesel
et al. 2001).

These data suggest that earlier than average dawn singing is characteristic of the
first part of the reproductive season, which includes the pairing stage and the female
fertility period. Singing early at the time of pairing is to be expected if song earliness
conveys reliable information about male quality (see Hypothesis 5), since it would
pay males to show their capacity at this time. However, the period of female fertility
is a key phase of the reproductive season that has been specifically linked to the
dawn chorus.

Hypothesis 3: Manipulation of Female Mating Behaviour Around
the Fertilisation Window
The fertile period of female birds typically lasts from some days before to a few days
after laying of the first egg (Birkhead and Møller 1998). Within this period, some
authors have assumed that females would be particularly fertile at dawn, right after

Fig. 3.3 Changes
throughout the year in the
time of the first song (white
dots) or the first call (black
dots) in the song sparrow
(Melospiza melodia) in
relation to sunrise (dashed
curve) and civil twilight
(solid curve). Reprinted
from Fisler (1962), by
permission of Oxford
University Press
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laying (Birkhead and Møller 1992; Sheldon and Burke 1994). Ruth Mace (1987a)
showed that the duration of male song at dawn in the great tit was closely connected
to fertility of the male’s own female. In her study, the dawn chorus appeared only
before laying, increased in duration at the female’s fertile period and shortened
progressively until stopping altogether a week after the last egg was laid (Fig. 3.4a).
This coincidence in time (both the period of the season and the time of the day) led
Mace to suggest that the function of dawn singing would be to: a) protect paternity at
a time when sneaker males could approach fertile females, and b) to increase female
receptivity to copulations by the singing male.

Fig. 3.4 Contrasting
patterns in dawn song in
relation to female fertility:
(a) song rate showing an
increase around the fertility
period in the great tit (Parus
major). Reprinted from
Mace (1987a); (b) dawn
song, but not day-time song,
was almost absent when a
male’s female was fertile in
the chipping sparrow
(Spizella passerine; M,
B ¼ mating or copulations,
nest-building) in contrast to
unpaired males (U), just
paired (P), egg-laying (L),
incubation (I), nestling
(N) or fledgling (F) periods.
Reprinted from Liu and
Kroodsma (2007), by
permission of Oxford
University Press

3 The Bird Dawn Chorus Revisited 59



A similar hypothesis was later proposed to explain high singing rates of paired
males in general (Møller 1991). These two hypotheses assume that song is an honest
signal of male quality (Gil and Gahr 2002), and that a high rate of song at dawn is
disproportionally costly for low quality males (see hypothesis 5 further down for
evidence of dawn song acting as a handicap).

Additional evidence for a link between female fertility and dawn song has been
found in many other species, including the yellowhammer (Emberiza citrinella)
(Møller 1988), two species of Ficedula flycatchers (Pärt 1991; Vabishchevich 2011),
the Eastern phoebe (Sayornis phoebe) (Bruni and Foote 2014), the Eastern kingbird
(Tyrannus tyrannus) (Sexton et al. 2007), the Eurasian blackbird (Cuthill and
Macdonald 1990), the dusky warbler Phylloscopus fuscatus (Forstmeier and Balsby
2002), and the European starling Sturnus vulgaris (Pinxten and Eens 1998). In these
cases, fertility is linked with increases in the duration or advances in singing at dawn,
but males generally show a dawn chorus before and after female fertility has stopped,
suggesting that this behaviour is not exclusively directed to the male’s own partner.

Additional behavioural patterns have been observed during the female fertility
period, implying an important role of male dawn song at this time for some species,
but with alternative functions than those proposed previously. Thus, in several
species of Paridae, males sang for longer at dawn when their females were exper-
imentally removed, and stop singing as soon as they appeared again (Mace 1986;
Otter and Ratcliffe 1993; Welling et al. 1997a). A similar pattern was found in the
collared flycatcher (Ficedula albicollis): males stopped dawn singing as soon as their
females appeared in sight (Pärt 1991). In addition, song characteristics or singing
behaviour at this particular time of the breeding season show important modifica-
tions in some species, supporting a role of dawn song in female guarding and extra-
pair mating. For instance, a study in a Dutch great tit population showed that males
produced songs with slightly lower-frequency on the day before the first egg was
laid, and that females appear to use differences between males in these songs to
choose extra-pair partners (Halfwerk et al. 2011). In the blacked-capped chickadee
(Poecile atricapillus), males sing at lower rates when their females are fertile than at
other times of the breeding season (Foote et al. 2008b).

However, this hypothesis has met several hurdles that limit its value. Firstly,
although further studies on the great tit have also found a link of early dawn song
with female fertility, none has documented a complete cessation of dawn song after
laying (Amrhein et al. 2008; Naguib et al. 2016), suggesting that the extreme
dependency of dawn song with fertility shown by Mace was fortuitous. In addition,
there are strong differences between species in whether males sing or not while their
females are fertile (Gil et al. 1999b). Examples of birds in which their dawn chorus is
completely unrelated to female fertility include the American robin (Turdus
migratorius) (Slagsvold 1996), the common nightingale (Luscinia megarhynchos)
(Kunc et al. 2005) and two different Phylloscopus warblers (Gil et al. 1999b;
Rodrigues 1996). In an even more contrasting fashion, chipping sparrow males
(Spizella passerina) do not sing at all when females are fertile (Liu 2004), whereas
they sing for the remainder of the season (Fig. 3.4b).

60 D. Gil and D. Llusia



A second hurdle to the hypothesis is the disputed evidence for a fertility window
after laying (Birkhead et al. 1996). Birkhead et al. (1996) reanalysed existing data
and concluded that fertility is in fact reduced after laying. This point of view has
been criticised for being exclusively based on evidence from artificial insemination
studies in non-passeriformes, whereas further studies in the wild do show increased
mating rates in the early morning in some species (Drachmann et al. 1997). Also,
important rates of early-morning mating have been found in the nightingale, a
species in which females look for males and mate before dawn (Roth et al. 2009)
and in the highly promiscuous superb fairy-wren (Malurus cyaneus) (Double and
Cockburn 2000), species in which females perform extra-pair forays at night. A
particularly strong case for the hypothesis is provided by the European starling
Sturnus vulgaris, a species that does not lay eggs at dawn but in the late morning.
In agreement with the fertility insurance hypothesis, this species shows a peak of
singing and mating in the late mornings of the fertile period around the time of egg
laying (Pinxten and Eens 1998).

At least two additional reasons for dawn singing in relation to female fertility can
be proposed (Staicer et al. 1996). Firstly, irrespectively of the existence of a
fertilisation window, if females are more likely to look for extra-pair copulations
at dawn to escape their mate’s guarding (Double and Cockburn 2000; Roth et al.
2009), it would make sense for males to show a good performance at this time in
order to attract these females. This would explain why males keep on singing when
their own partner is no longer fertile. In other words, the selective pressure would not
just relate to ensuring the male’s paternity with his own female (Mace 1987a; Møller
1991), but to increase the probability of fertilising other females. A prediction from
this hypothesis is that the dawn chorus should be longer (seasonally speaking) with
increasing levels of extra-pair paternity and breeding asynchrony in the population.
An experimental study in which male great tit sleep was prolonged with melatonin
led to a decrease in paternity (Greives et al. 2015), in agreement with data showing
that early singing males are more successful at fathering extra-pair offspring in this
species (Kempenaers et al. 2010).

A second reason for singing early around the female’s fertile period may be to
increase female egg allocation (Biard et al. 2009; Gil 2008). Females can modify
their investment in eggs (in terms of egg size or of contents, such as carotenoids or
hormones) as a function of male attractiveness (Cunningham and Russell 2000; Gil
et al. 1999a, 2004). This process should lead males to show off their ornaments not
just before pairing, but also during egg production, since females may adaptively
regulate their investment as a function of male quality. If singing early represents a
handicap (see hypothesis 5), it would pay males to show their quality by singing as
early as possible at the time when the female is producing eggs (i.e. a few days
before egg laying).
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3.4.3 Social Interactions

Singing behaviour takes place in several types of social interactions, from mate
attraction to male-male counter-singing. Important cues about the intended receivers
of the dawn chorus could be given by the particular characteristics of the song at this
time (e.g. singing style or song repertoire), to the extent that song directed to males
may differ from that directed to females (Collins et al. 2009). However, since the two
main functions of song may entail honest signalling (Berglund et al. 1996), differ-
ences in repertoire size or song rate between dawn and other times of the day may not
tell us much about the likely target of the dawn chorus (Dalziell and Cockburn
2008). Instead, more subtle characteristics, such as singing patterns (song matching,
overlapping, singing site within the territory, etc.), may be more informative.

Singing location. Studies on several species have shown that dawn song is often
uttered at territory boundaries, suggesting that it is directed to neighbouring terri-
tories (Bolsinger 2000; Lein 2007; Liu and Kroodsma 2007). For instance, in the
chestnut-sided warbler (Setophaga pensylvanica), the use of unaccented songs at
dawn, predominantly used in male-male interactions, takes place at territory borders
(Byers 1996). However, studies in other species offer a contrasting view. Thus, in
great tits and collared flycatchers, males sing near the nest (Mace 1986; Pärt 1991),
or in the centre of the territory in the case of the yellowhammer (Møller 1988).
Conflicting demands of foraging (Atienza and Illera 1997) and avoiding predation
(Møller 2011) are known to determine choice of song posts. Given that both foraging
substrate and predation risk change with time of day, analysing changes in song post
location seems a promising source of evidence on the function of song and con-
straints on singing.

Song characteristics. In addition to daily differences in singing sites, several
studies have found that songs at dawn sound particularly loud in some species.
For instance, in the banded wren (Thryophilus pleurostictus), dawn songs are louder
and more complex than those sung later in the day, and they are reminiscent of those
that birds use in agonistic interactions (Trillo and Vehrencamp 2005). In the
chipping sparrow, dawn songs are shorter but sung at very high rates (Liu and
Kroodsma 2007). The intensity of some dawn performances can also be assessed by
how song is matched to neighbours. Thus, in the black-capped chickadee, the levels
of song matching are particularly high at this time (Foote et al. 2008a). Several
researchers suggest that these singing styles reflect a dynamic network of commu-
nication between territory holders (Brunner and Pasinelli 2010; Foote et al. 2008a;
Naguib et al. 1999; Trillo and Vehrencamp 2005). It would be interesting to know by
means of playback experiments whether dawn songs elicit stronger responses than
songs used during the daytime.

Special dawn songs. Ever since the first observations on dawn singing,
researchers have noted differences between dawn song and songs that are used
later in the day (Fig. 3.5). In most species studied so far, dawn songs tend to be
more complex and elaborate than daytime songs (Staicer et al. 1996). Early authors
already remarked that the Eastern kingbird and the Eastern wood pewee (Contopus
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virens) use a particular song before sunrise, which changes drastically after that
(Allard 1930; Allen 1913). Similar patterns have been described in many species of
the Americas (for a comprehensive list see: Staicer et al. 1996), mostly in the
Tyrannidae and Parulidae (Kroodsma et al. 1989; Morse 1989; Spector 1992) and
in some Emberizidae (Nelson and Croner 1991). Less is known about species that do
not change repertoire in a dramatic way. Some examples show that differences may
be subtle, with changes in general song composition. For instance, dawn repertoires
are more complex and variable than daytime repertoires in Golden-cheeked warblers
(Setophaga chrysoparia) (Bolsinger 2000), Canada warblers (Cardellina
canadensis) (Demko et al. 2013) or field sparrows (Spizella pusilla) (Nelson and
Croner 1991). Interestingly, we could not find examples among European species,

Fig. 3.5 Spectrograms of the songs of greenish elaenia (Myiopagis viridicata) at dawn (a) and dusk
(b). Recordings by Andrew Spencer (Xenocanto codes: XC 116251 and XC116250). Figure created
in Python v.3.7.4
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with the exception of the common reed bunting (Emberiza schoeniclus) in which
males sing at dawn a particular repertoire of long, highly versatile songs with short
between-song intervals (Brunner and Pasinelli 2010), and the Eurasian blackbird,
whose dawn song sounds louder than daytime song to human ears (Dabelsteen
1992).

Hypothesis 4: Territory Defence and Social Dynamics
One of the first explanations proposed for the dawn chorus was based on the idea that
there should be a higher number of vacant territories in the morning than at other
times of the day, because of overnight mortality, thus increasing territorial instability
(Kacelnik and Krebs 1983). In that context, it would pay territorial birds to reinforce
border defence at this time since new males would try to settle in these vacancies.
Although territory turnover may be generally too low to explain the strength and
ubiquity of the dawn chorus, some data do suggest that invasion rates in the early
morning are higher than later in the day (Amrhein et al. 2004a; Kacelnik and Krebs
1983). Floaters in some species actively seek territories at this time (Amrhein et al.
2004a; Dalziell and Cockburn 2008), perhaps because all males are singing and it is
easier to detect vacant areas than later on in the day (Amrhein et al. 2004a). In this
sense, the hypothesis could generalise to the fact that dawn is a time of high risk for
territory owners.

The hypothesis does not require a higher than average night mortality. Since no
territories are taken up at night, there will always be a higher number of vacancies at
dawn than in any other time of the day, even if mortality rate is constant through the
day (Kacelnik and Krebs 1983). The realisation that the night represents a break
from territory defence and signalling for most songbirds suggests to us an additional
twist to this hypothesis. Even if no territorial vacancies appear, social relationships
among territory holders have a dynamic nature (Møller 1990), and need to be
continuously refreshed throughout the breeding season (Burt and Vehrencamp
2005; Staicer et al. 1996). This necessity may explain why birds sing through the
day in most temperate songbird species, although singing rates are lower after dawn
(Slagsvold 1977). This process is interrupted by the night and, thus, dawn would
emerge as the first window of time to resettle hierarchies, territory borders and
dominance relationships. Even if no territory vacancies have appeared during the
night, the absence of communication during this period could select for a renewal on
information exchanges that may transmit information on resource holding capacity,
body condition, etc., since the probability of a change is higher given the extent of
time that has passed.

Several sources of evidence support the importance of the dawn chorus for
resettling territory and hierarchy structures (Foote et al. 2010). Firstly, mated
males of many species show dawn song throughout the breeding season, well after
female attraction and fertile periods, suggesting strong selection for signalling
territory occupancy (Amrhein et al. 2004b; Liu and Kroodsma 2007). Secondly,
we have seen before that in many species dawn songs are particularly loud, aggres-
sive and directed to territory boundaries, often associated with a high degree of
counter singing and song matching. For instance, a detailed study of singing
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interactions in the banded wren has revealed a broad interactive network at this time,
with complex matching patterns among many birds (Burt and Vehrencamp 2005). A
third line of evidence comes from experimental manipulations of intruder presence
that lead to changes in the dawn chorus in the morning following the manipulation
(Amrhein and Erne 2006; Erne and Amrhein 2008; Foote et al. 2011; Liu 2004;
Sexton et al. 2007; Xia et al. 2014). A clever experiment compared the next-morning
song response of Eurasian wrens (Troglodytes troglodytes), depending on whether
they had been exposed to a normal playback or a “scary” playback which involved
several changes in loudspeaker position, simulating a particularly challenging
intruder (Amrhein and Lerch 2010). The results showed that the wrens that had
received the challenging playback started to sing earlier at dawn, and sang more and
longer songs than those exposed to normal playback (Fig. 3.6).

3.4.4 Individual Differences

Following the suggestion that dawn singing could represent a handicap (Gil and
Gahr 2002; Hutchinson et al. 1993; Montgomerie 1985), several studies have
examined whether there are differences in dawn song timing, song rate or song
length in relation to individual variation in fitness-related traits (e.g. quality, condi-
tion, social status, etc.). We should stress that, as far as the question of “why do birds
sing at dawn” is concerned, the individual difference of interest is timing of singing,
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Fig. 3.6 Differences in the
response of Eurasian wrens
(Troglodytes troglodytes)
depending on whether they
received a stationary
playback (black dots, solid
lines) or a playback
simulating an intruder
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i.e. is there a relationship between male quality and time of first song at dawn?
Timing considered as a sexually selected trait has been formalised by Hau et al.
(2017), who propose that daily timing of trait expression is linked with circadian
clock genes and can be subjected to sexual selection in birds and mammals.

Researchers have found repeatable differences between individuals in dawn song
timing in several species (Amrhein and Erne 2006; Dunnett and Hinde 1953; Foote
et al. 2011; Snijders et al. 2015). A remarkable study in the Eastern kingbird found
timing to be a repeatable trait between different years (Fig. 3.7) (Murphy et al. 2008).
This implies that males are consistent in how early they sing, a prediction from
sexual selection models that propose a relationship between variation on this trait
and individual condition or resource holding capacity (see hypothesis 5 below).
Similarly, multiple parameters of sleep behaviour in the blue tit, such as sleep
duration or awakening time, also show substantial individual repeatability across
years (Steinmeyer et al. 2010).

Several studies have found that song timing can predict traits related to individual
quality or condition. For instance, early singing males are larger, and possibly older
in Eastern kingbirds (Murphy et al. 2008). Dominant black-capped chickadees sing
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earlier than subordinates (Otter et al. 1997). Also, older blue tits sing earlier than
young birds (Poesel et al. 2006), although a non-significant tendency in the opposite
direction was found for great tits (Snijders et al. 2015). Finally, early-singing willow
tits (Poecile montanus) had stronger anti-predatory responses and were more likely
to survive than late-singers (Welling et al. 1997b). Further evidence on the relation-
ship between song timing and condition is provided by experiments that have found
earlier song in food-supplemented birds (Barnett and Briskie 2007; Cuthill and
Macdonald 1990; Grava et al. 2009; Montgomerie 1985; but see: Saggese et al.
2011; Thomas 1999; Thomas and Cuthill 2002).

An experiment on domestic roosters (G. gallus domesticus) has shown that
dominant birds crow earlier, and that experimentally-induced changes in hierarchy
lead to a correlated effect on timing; i.e. beta males sang earlier when the alpha male
had been removed (Shimmura et al. 2015). This elegant experiment confirms
observations on red jungle-fowl (G. gallus murghi) in the wild that link early
crowing time to higher positions within the group hierarchy (Collias and Collias
1967). Although this example on a highly social and hierarchical species may not
translate easily into the typically passerine-dominated dawn chorus, such a strong
link between dominance and timing does suggest that males do signal something
relevant by singing earlier than others.

A more definite test of the fitness advantage of early singing is provided by extra-
pair paternity (EPP) studies. Several studies have linked the earliness of singing with
higher success at siring extra-pair offspring. Eastern kingbirds that sang earlier had
higher numbers of EPP chicks, and cuckolders sang earlier than cuckoldees (Dolan
et al. 2007). Taking advantage of differences in dawn singing timing caused by
artificial lighting of a part of the forest, Kempenaers et al. (2010) found that early
blue tits, i.e. those exposed to artificial light, were more successful at obtaining EPP
than late birds. This study replicated previous results in the same species, in which
natural variation in dawn song was also identified as a good predictor of EPP success
(Poesel et al. 2006). Similarly, male great tits treated with melatonin woke later and
lost more paternity than control birds (Greives et al. 2015). It is not clear whether the
mating advantages accrued by early birds was a consequence of males using the
period before dawn for pursuing extra-pair mating, or was mediated by female
choice of early singing birds. Evidence for the latter possibility is provided by a
study showing that female Lincoln’s sparrows (Melospiza lincolnii) preferentially
chose songs that they had heard at very cold temperatures (Beaulieu and Sockman
2012), a situation associated with dawn song in this species.

Despite the previous examples, rather few studies have measured individual
differences in dawn singing time, possibly because of the inherent difficulty of
obtaining these data. The recent development of cheap automatic recording units
(ARUs) and miniaturised sound-recording data loggers will improve the situation in
the coming years.

Hypothesis 5: Early Singing as a Handicap
One of the leading hypotheses to account for the evolution and maintenance of male
ornaments is Zahavi’s handicap hypothesis and variations on it (Biernaskie et al.
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2018; Grafen 1990; Kokko et al. 2006; Zahavi 1977). The hypothesis states that
ornaments should be costly and that the cost should disproportionally increase with
increasing expression of the signals. The suggestion that early singing in the dawn
chorus could act as a handicap was proposed by Montgomerie (1985), on the
assumption that singing at dawn is costlier than at other times of the day. It is by no
means clear why this should be so, although some possibilities may be: temperature-
dependent singing costs (Ward and Slater 2005) in the case of temperate-climate
species, higher risk of predation by nocturnal birds of prey (Schmidt and Belinsky
2013), or costs of sleep deprivation (Cirelli and Tononi 2008).

However, as we saw above, several lines of evidence suggest that early singing, at
least in some species, fulfils some of the requirements for handicaps: (1) there is
individual repeatability in dawn singing time (Murphy et al. 2008); (2) some exper-
iments and correlative studies show positive relationships between age, dominance,
access to supplemental food and time of the dawn chorus (Cuthill and Macdonald
1990; Murphy et al. 2008; Otter et al. 1997; Poesel et al. 2006; Shimmura et al.
2015); (3) early singers may obtain a disproportional share of extra-pair fertilisations
(Dolan et al. 2007; Kempenaers et al. 2010); and (4) predation by nocturnal
predators may limit early singing (Lima 2009, but see Sect. 3.4.7).

Despite these suggestive findings, a true demonstration of a handicap requires
some extra evidence both on the signal-production side (Cotton et al. 2004), and on
the female response to it (e.g. Ballentine et al. 2004). A good test of this hypothesis
would require experimental modifications of singing time, which are difficult to
induce. Even if tampering with melatonin levels could modify singing time
(Dominoni et al. 2013a), there are many correlated effects of this hormone that
would render the results difficult to interpret (Greives et al. 2012).

3.4.5 Foraging

The role of food is central to several hypotheses about the dawn chorus (the
inefficient foraging, unpredictable conditions and handicap hypotheses), and hence
estimating the relationship between song and food availability is a crucial step to test
these alternatives. Foraging also shows diel cycles, being constrained by both abiotic
and biotic factors. Dawn does not appear to be a good time for a bird to forage, since
low temperatures and dim light levels affect foraging success. It has been shown that
the activity of arthropods is greatly reduced at low temperatures (Avery and Krebs
1984), decreasing the ability of birds to locate food. In addition, low light levels
constrain vision, decreasing searching ability and foraging profitability (Kacelnik
1979), probably for both insectivorous and granivorous birds (Fig. 3.8).

Species differences in dawn chorus timing in relation to the type of diet were
suggested early on by Armstrong (1963), who remarked that vermivorous and
insectivorous species sing earlier than granivorous birds, and speculated that differ-
ences in vision and in the behaviour of prey may explain this pattern. However, we
have not been able to find a proper test of this hypothesis. Most of the recent
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comparative analyses of dawn chorus timing dwell on differences in relative eye size
with little mention of food guild (Berg et al. 2006; Gil et al. 2015; Thomas et al.
2002). Since eye size is related to food, i.e. birds that forage on mobile prey have
relatively larger eyes than seed-eaters (Garamszegi et al. 2002), it seems that vision
and feeding are so closely correlated that teasing apart these factors to explain song
timing may be challenging (Chen et al. 2015).

Although some behavioural and ecological adaptations in relation to food guild
have been studied (e.g. Falk et al. 1992; Wiens and Johnston 1977), we could find
surprisingly little comparative information on how type of food affects behavioural
patterns such as time-budgets or food search routines. In addition to differences in
predictability between insects and seeds, important variation in metabolizable
energy provided by arthropods, seeds or fruit (Karasov 1990) probably imposes
differential constraints on time-budgets.

Hypothesis 6: Inefficient Foraging at Dawn
This hypothesis posits that dawn is a time when, because of low insect activity and
poor visual conditions, it is not profitable to forage (Kacelnik 1979; Kacelnik and
Krebs 1983). The lack of interference with feeding activities would favour birds that
use this time for singing and communicating. Inefficient foraging is a clever hypoth-
esis, but it has some difficulties. For instance, it has been found that birds breeding in
continuous light in the Arctic also show dawn choruses (Staicer et al. 1996). This
finding however would not necessarily refute the hypothesis since it is possible that
foraging profitability in these birds may also change daily in response to variations in
temperature or more subtle light differences.

An experimental test of this hypothesis in captivity failed to support one of its
major predictions: birds did not modify their dawn singing activity in response to a
dramatic change in food availability (Mace 1989). A possible line of research here
could involve comparing male and female feeding time budgets in species in which
females do not sing. Such a comparison could give us evidence as to whether males
are using free time to sing, or else are trading off precious feeding time for singing
(Greig-Smith 1983). The hypothesis has however received some theoretical support
from a game-theory model, which predicts the occurrence of both dawn and dusk

Fig. 3.8 Foraging
profitability increases as a
function of light levels in the
great tit (Parus major).
Shaded in grey is the time of
dawn chorus, showing that
light conditions are not ideal
for foraging at this time.
Reprinted from Kacelnik
and Krebs (1983)
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chorus by simply allowing feeding profitability to vary as originally suggested by
Kacelnik (Hutchinson 2002). See section “Unpredictable overnight conditions”
below for a combined discussion of these two hypotheses.

The inefficient foraging hypothesis also touches an important point as it suggests
that dawn is “spare” time within the bird’s time budget. For this to be true, it means
that sleep in birds should require less time than the night duration. Several lines of
evidence suggest that this is the case. Firstly, studies analysing differences in activity
across latitudes show that birds are remarkably flexible in their sleep requirements,
and that low light levels are a constraint in activity (Daan and Aschoff 1975).
Secondly, it has been shown that late-singing species spend more time awake
waiting to sing than early species (Scheer 1951). Although this latter evidence is
largely anecdotal, it supports the idea that the duration of night in spring actually
exceeds the requirements for sleeping time. Thirdly, studies of migratory restless-
ness show prolonged activity over night (Berthold 1973), or round-the-clock singing
and mating patterns in nightingales and pectoral sandpipers (Calidris melanotos)
(Lesku et al. 2012; Roth et al. 2012). Thus, if birds do not need to sleep for the whole
night at the breeding period, it makes sense that dawn is used for an activity not
requiring acute vision such as song (Siegel 2009). An alternatively view would
propose that singing earlier may uses precious sleeping time (Cirelli and Tononi
2008), and that time of dawn song is a sexually-selected character (see handicap
hypothesis above). This would suggest that early waking-up in birds may be sexually
selected (Amrhein et al. 2002; Greives et al. 2015), although it is not clear what kind
of costs are paid. It is possible that an increase in predation rather than costs of
reduced sleep is the true currency of this mechanism. The study of comparative sleep
in birds is in its infancy in comparison to mammals, and evidence so far shows that
bird sleep has some important peculiarities (Roth et al. 2006). The ongoing devel-
opment of small sleep dataloggers should allow researchers in the next decade to
provide important insights on this topic (e.g. Lesku et al. 2012; Steinmeyer et al.
2010).

Hypothesis 7: Unpredictable Overnight Conditions
Stochastic-dynamic programming (SDP) models allow the prediction of optimal
routines given quite realistic assumptions about foraging success, energy use and
singing rewards (McNamara et al. 1987). Using this technique, a pioneering study by
McNamara et al. (1987) showed that a dawn chorus could simply arise as a conse-
quence of adaptive foraging decisions. The key aspect lies in the unpredictability of
overnight costs. Briefly, since there is always some unpredictability of how demand-
ing the night may be in terms of energy requirements, birds must go to sleep with an
extra amount of energy. As dawn approaches, and the probability of overnight
starvation decreases, birds can use that surplus of energy for singing at dawn.
Interestingly, the model also predicts a smaller peak of singing at dusk, which is in
agreement with many singing cycles in passerines (Cuthill and Macdonald 1990;
Møller 1988; Morse 1989).

One of the most useful methods for testing the effect of energy managing on dawn
chorus timing is by providing supplementary food. Experiments in four species have
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shown that individual males provided with supplementary food tend to sing earlier
and at higher rates (Barnett and Briskie 2007; Cuthill and Macdonald 1990; Grava
et al. 2009; Thomas 1999). In contrast to this finding, a study with great tits showed
the opposite effect, with supplemented birds singing later than controls (Saggese
et al. 2011). The main difference of the latter study is that it involved long-term
instead of short-term modifications.

Although assumptions of the SDP models are somehow simplistic, they do make
some interesting predictions on how variance in overnight requirements and forag-
ing profitability may affect singing (McNamara et al. 1987). One key prediction is
that the dawn chorus should be longer with increasing unpredictability of overnight
requirements (Hutchinson et al. 1993; McNamara et al. 1987). In our opinion, the
most relevant test of this model should focus on different populations of the same
species facing contrasting environmental conditions, or on different species that
differ in weather sensitivity. However, to our knowledge, no study so far has taken
this approach.

At the individual level, an experiment in European robins (Erithacus rubecula)
found that birds lost more weight when overnight temperature was lower, but they did
not adjust their singing in relation to temperature (Thomas and Cuthill 2002).
However, in this case it is possible that food supplementation may have altered the
normal patterns of foraging and singing. Only one study that we know of has
experimentally tested the prediction for a negative relationship between energy
predictability and dawn song duration (Thomas 1999). In this experiment, Thomas
provided supplemental feeding to territorial robins under two different treatments:
predictable and unpredictable. His findings show that robins sang relatively less at
dawn (and hence relatively more at dusk) after they have been fed in an unpredictable
fashion, whereas the contrary was true when food supplementation was constant
(Thomas 1999). The results supported the SDP model’s prediction and imply that the
high unpredictability of night time temperature together with food predictability
combine to adjust singing times between dawn and dusk. It is regrettable that this
hypothesis has not been tested further (Hutchinson and McNamara 2000), not just at
the individual level, but also within a comparative perspective.

Further developments with this type of models have introduced more complex
situations, such as differences in male quality and in singing costs across the time of
day (Hutchinson et al. 1993). The latter effectively assumed that dawn song works as
a strategic handicap (see hypothesis 5) within the framework of SDP predictions. By
using SDP models, Hutchinson (2002) pitched Kacelnik’s inefficient foraging
hypothesis (see hypothesis 6) against hypotheses based on the stochasticity of
overnight energy requirements, and found that both models were equally satisfactory
in predicting dawn and dusk choruses.

Although these models are useful in generating ideas and predictions, in practice
they are extraordinarily challenging to test (Hutchinson and McNamara 2000). For
instance, they require a precise estimate of song costs, while the literature on this
respect show ambiguous findings (Gaunt et al. 1996; Thomas 2002; Ward and Slater
2005; Ward et al. 2003). Generally speaking, data suggest that the greatest cost is
that of lost foraging time, rather than a of singing per se (Gil and Gahr 2002).
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Similarly, foraging profitability across the day depends on so many factors, and data
are so scant on this, that some predictions are extremely difficult to test empirically.

3.4.6 Predation

Predation is a key factor that permeates every single aspect of bird behaviour and
ecology, but its role in shaping dawn chorus is seldom considered (Lima 2009). This
is regrettable because experiments have shown that predators do use acoustic signals
to locate prey in a variety of taxa (Haskell 1994; Krams 2001; Zuk and Kolluru
1998), influencing the evolution of singing behaviour (e.g. Tuttle and Ryan 1981). It
is not clear whether predation is higher at dawn or not: some researchers have
predicted higher than average predation risk at dawn (Lima 2009), while others
have proposed the opposite (Staicer et al. 1996).

Research shows that birds modify behaviour in response to predation risk, and
that this can vary with changes in light or noise levels (Fernandez-Juricic and Tran
2007; Klett-Mingo et al. 2016). Since dawn is characterised by low light levels,
foraging at this time could be risky if predator sight in these conditions is better than
their prey’s (Fernandez-Juricic and Tran 2007). It has been found that choice of
perch during the day can be explained by predation risk (Møller 1991), and a study
has shown that blue tits choose comparably safer perches from which to sing at
dawn than later on in the day (Parker and Tillin 2006). However, we have not been
able to find any experiment that has directly tested the influence of predation risk on
singing at dawn. Nonetheless, a couple of studies on dusk singing show an influence
of predation risk perception. Thus, a playback experiment with male veeries
(Catharus fuscescens) shows reduced levels of dusk song in places where owl
calls have been previously broadcast (Schmidt and Belinsky 2013). Similarly, a
correlative study in tawny owls (Strix aluco) shows that dusk calling rates are
reduced in areas with high calling rates of Eurasian eagle owls (Bubo bubo), a
natural predator of the tawny owl (Lourenço et al. 2013).

Hypothesis 8: Low Predation at Dawn
It has been proposed that the dawn chorus is advantageous because of a presumably
lower risk of predation at dawn (Staicer et al. 1996). However, as we have seen
above, although there are some studies showing that the behaviour of singing birds is
affected by predator risk, no study that we know of has analysed whether indeed
dawn is less risky than other times of the day. Lower predation may also be a
consequence of a dilution effect, since many birds singing simultaneously would
reduce the chances of being located and predated (Hamilton 1971; Lima 2009).
However, the dilution effect would not explain why dawn is the best time to sing, it
would simply select birds to sing synchronously.

One of the predictions of this hypothesis, namely that birds should use more
exposed perches at dawn than later on in the day (Staicer et al. 1996), was actually
found to be the contrary in a study in blue tits (Parker and Tillin 2006). It is important
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to empirically establish the relationship between predation risk and time of day,
because if predation is higher at dawn (Lima 2009), contrary to the predictions of this
hypothesis, we would face a handicap situation (see hypothesis 5) with very different
predictions. In agreement with the latter idea, Lima (2009) proposed that the
relationship between relative eye size and time of singing at dawn could be explained
by differences in predation risk, in addition to the more common explanations based
on foraging profitability or unpredictable overnight conditions. Following this
suggestion, the prediction would be that earliest-singing species, those with larger
eyes, should excel at detecting predators at dawn.

3.4.7 Weather

Weather is also a pervasive factor influencing almost all aspects of bird ecology and
behaviour. Most studies find that “bad” weather in general (rain, clouds, storms or
low temperature) tends to delay the onset of the dawn chorus, although not all
species respond similarly to these weather phenomena (Bruni et al. 2014; Keast
1994b). Several studies in northern temperate areas find a positive correlation
between overnight temperature and duration of song, often implying earlier choruses
(Bruni et al. 2014; Garson and Hunter 1979).

However, to the extent that bad weather limits singing in general (Curio 1959),
this evidence does not shed much light on the reasons behind the dawn chorus. In
other words, given that singing interferes with foraging, we expect a positive
correlation between temperature (proxy of food availability, at least for insectivores)
and singing activity irrespective of the time of day. Also, since bad weather typically
implies a decrease in light levels, it is possible that the reasons for this relationship
can also be explained by the effect of light (see Sect. 3.4.8).

Predictions about how bad weather should affect dawn singing are complex, and
may depend on the particular aspect of weather (clouds vs. temperature) and the
particular theory that is tested (Hutchinson 2002). A study in great tits found that the
correlation between overnight temperature and dawn singing was lower (and non-
significant) than that with overall morning singing (Garson and Hunter 1979). This
pattern was explained as evidence of low foraging profitability at dawn: since
profitability is low at dawn it would pay birds to sing irrespectively of temperature,
whereas a finer adjustment would make sense later on in the morning, when feeding
time is more rewarding and would trade-off with time devoted to sing.

Hypothesis 9: Better Sound Transmission Conditions at Dawn
A widely cited hypothesis for explaining the dawn chorus proposes that this partic-
ular time of the day is the best time for sound transmission (Henwood and Fabrick
1979). This proposal draws on the logic that sound attenuation and degradation are a
function of the habitat and the atmospheric conditions in which the sound is
produced and perceived (Morton 1975; Richards and Wiley 1980). Several studies
have shown that atmospheric conditions before sunrise, characterised by low
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temperatures and absence of air turbulence, allow better sound transmission than
those found later in the day, leading to a longer transmission distance and a larger
active space (Brenowitz 1982; Henwood and Fabrick 1979; Larom et al. 1997).
However, not all studies have been successful at finding better transmission effi-
ciency at dawn, suggesting that this is by no means a general advantage (Brown and
Handford 2003; Dabelsteen and Mathevon 2002). A refinement of this hypothesis
proposed that dawn offers not better, but a more consistent sound transmission than
other times of day (Brown and Handford 2003).

The sound transmission hypothesis has an important limitation (Mace 1987b):
even if we accept that atmospheric conditions are on average best at dawn (Henwood
and Fabrick 1979), or at least more constant (Brown and Handford 2003), the high
number of birds singing at that time should impose huge perception costs
(Langemann et al. 1998; Poesel et al. 2007; Pohl et al. 2009) that would most likely
reduce this advantage (Mace 1987b). Indeed the dawn chorus can be so noisy that it
has been suggested that switching singing to a dusk chorus could be a good strategy to
reduce overlapping of song at dawn (Belinsky et al. 2012). In general, we believe that
sound transmission does not offer a good explanation for the maintenance of the bird
dawn chorus.

3.4.8 Light

From very early on, observers have found that higher light levels lead to earlier
choruses and that, on cloudy mornings, birds sang later than usual (Allard 1930;
Scheer 1952). From a comparative perspective, species with relatively large eyes
for their size also start to sing earlier (Berg et al. 2006; Gil et al. 2015; Thomas
et al. 2002), thus providing additional evidence for a role of light in song timing
(see Sect. 3.2).

Studies that have tracked song timing with respect to the moon phase have shown
that a full moon leads to earlier dawn choruses in several species (Bruni et al. 2014;
York et al. 2014). In a study on the white-browed sparrow weaver (Plocepasser
mahali), York et al. (2014) found that the effect of the moon phase was only detected
when the moon was not hidden by clouds. In other words, it was the actual increase
in light and not the lunar cycle that was responsible for the change in behaviour.

Recent interest on the effects of artificial lighting in bird behaviour has led to
numerous studies that have shown earlier choruses in urban areas (Bergen and Abs
1997; Miller 2006). It is important to underline that correlative studies, simply
comparing areas that differ in light levels, may be affected by other confounding
factors, such as noise (see Sect. 3.4.9), and these may be difficult to disentangle
statistically (Fuller et al. 2007; Nordt and Klenke 2013). In addition to effects on the
dawn chorus, correlative and experimental data show that artificial light at night
alters also the timing of activity (Dominoni et al. 2013a), so that earlier song could
follow from earlier wake-up time. Furthermore, artificial light also advanced
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reproductive cycles, leading to earlier gonad maturation, singing and breeding
(Da Silva et al. 2015; Dominoni et al. 2013b; Gwinner and Brandstatter 2001).

A major study investigating the effects of night light pollution on avian behaviour
found that four out of five species considered showed an advance in singing in
suburban areas with artificial light (Kempenaers et al. 2010). This advance differed
between species: earlier singers showed larger advances than late singers (Fig. 3.9);
indeed, the last singer of the group, the common chaffinch (Fringilla coelebs), did
not show an advance at all (Kempenaers et al. 2010). These patterns were partially
replicated in an experiment in the wild in which light levels were manipulated,
leading to immediate advances in singing for all studied species (Da Silva et al.
2016). Although the experimental results did not fully mirror the correlational data,
the general pattern found in this and additional studies is that the earlier singing
species are also those in which night light shows a stronger effect on song timing
(Da Silva and Kempenaers 2017; Da Silva et al. 2014; Kempenaers et al. 2010).
However, another similar experimental study testing different light colours found no
effects of night lighting on singing, suggesting that fast timing plasticity is not
present in all populations, and that previous selection may prime the response of
birds to increased lighting (Da Silva et al. 2017).

The fact that birds sing earlier when nocturnal light levels are higher (due to moon
lighting or artificial light pollution) does not explain why birds use dawn to sing
rather other times of the day. However, to the extent that the size of the response
varies between different species, this implies that the balance of costs and benefits
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also differs. In this respect is it important to consider the relationship of light with
feeding. It is reasonable to think that effects may differ depending on type of food,
since, for instance, arthropods relying on light may also show differences in behav-
iour. Some studies have found that birds take advantage of artificial light for feeding
for a longer time (Russ et al. 2015), and that light is an important factor in the
foraging/vigilance trade-off (Fernandez-Juricic and Tran 2007). Together, this evi-
dence backs Kacelnik’s suggestion (1979) that the dawn chorus occurs at a time
when foraging is not profitable.

3.4.9 Noise

Background noise is a limiting factor in all types of communication and, in the case
of acoustic signalling, it may lead to a reduction in the distance over which sounds
can be detected and recognized, also increasing the likelihood of false alarms and
missed positives (Klump 1996; Langemann et al. 1998; Pohl et al. 2009). As noise is
predictable in some environments, many researchers have examined whether birds
modify their singing regime with respect to the occurrence of noise around dawn.

Anthropogenic Noise Since noise in urban environments is reduced at night and in
the first hours of the day, it makes sense for birds to try to reduce the overlap with
urban noise by singing earlier than they would in the natural environment. This
would lead to an earlier dawn chorus. The first study to detect this pattern in three
common woodland species was not able to separate the contribution of light and that
of noise pollution to the advance (Bergen and Abs 1997). However, research on
three different species has shown that earlier dawn choruses in cities are due to
increased noise levels after controlling for the effect of light (Dorado-Correa et al.
2016; Fuller et al. 2007; Nordt and Klenke 2013). This advance is considered
advantageous, as it gives birds a window of communication at a time when noise
levels are lower than later in the day (Fuller et al. 2007).

In these studies, it is important to demonstrate that earlier singing is not caused by
noise disturbance, but rather that birds anticipate noise and sing earlier than that. An
experiment in which noise was experimentally broadcast before dawn resulted in
some species singing earlier, but it is unclear whether they were actually woken up
by the sound rather than singing in anticipation of it (Arroyo-Solis et al. 2013). In
contrast, true anticipation has been documented in studies that examined song timing
near airports, in which birds were found to sing earlier than in control areas, thus
anticipating the noisy start of airport operations (Dominoni et al. 2016; Gil et al.
2015; Sierro et al. 2017). Interestingly, in one of these studies, Gil et al. (2015) found
that the effect size of the advance was inversely proportional to how early birds took
part in the chorus. In other words, the advance was greater for the late birds than for
the early birds. This made adaptive sense because the overlap with aircraft noise was
greater for the late birds. On the same line, a study with blackbirds found that the
advance was only detectable when airport timing overlapped with the dawn chorus
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(Sierro et al. 2017). In striking contrast to these effects, advances in timing due to
light pollution are found in early, and not in late singers (Kempenaers et al. 2010).

Biotic Noise In tropical environments, insects are a major source of noise for
singing birds (Kirschel et al. 2009), and two different studies have examined whether
birds avoid singing at the same time as cicadas. The first of these studies showed
short-term avoidance, by which birds reduced the number of vocalizations or
stopped singing when cicada song was present (Hart et al. 2015). The other study,
conducted on Barro Colorado Island (Stanley et al. 2016), reports avoidance of
insect-noise and also shows that birds whose songs overlap the frequency of the
cicadas delayed their timing to avoid masking. However, the latter result may suffer
from a basic methodological problem, as data collection was based on acoustic and
not on visual observations, and singing birds could have lower detectability because
of higher sound masking.

Although bird species start singing at different times, suggesting a division of the
twilight-to-sunrise period, the truth is that, for a large part of the time, a respectable
proportion of the bird community is singing simultaneously (although in some
species there are strict slots seldom overlapped in time: Luther 2008). This realisa-
tion has led researchers to ask whether some form of time-sharing is at work during
the dawn chorus, particularly in species-rich communities and among species that
overlap extensively in acoustic frequency.

Avoidance of song overlap has been documented for several pairs of species
coexisting in the same community (Brumm 2006; Cody and Brown 1969; Popp et al.
1985), but these findings only explain short-term adjustments that do not alter the
general timing of singing activity. However, within a dawn chorus context, with
many birds singing at the same time, it is relevant to ask if the avoidance of song
overlap is related to the degree of song similarity between species. Similar songs lead
to a greater degree of masking, and a higher probability of a potential receiver not
detecting the signal (Klump 1996). The three studies that so far have tackled this
question, all within Amazonian bird assemblages, have not found a common answer,
possibly due to differences in methodology (Luther 2009; Planque and Slabbekoorn
2008; Tobias et al. 2014). A first study documented temporal avoidance between
certain pairs of species, but not necessarily those with the largest overlap in fre-
quency (Planqué and Slabbekoorn 2008). In contrast, working in a community with
a high number of species, Luther (2009) found that birds that sang together within
30-min intervals at the same height in the forest showed lower overlap in frequency
characteristics than birds picked at random (Luther 2009). This study suggested that
species that sing at the same place and time reduce interference by shifting singing
times (Luther 2009). In striking contrast, a more recent study by Tobias and
co-authors (2014) found that species that sang within 10-min chorus sections had
higher than expected song similarity and phylogenetic relatedness (Tobias et al.
2014). This finding could be explained by interspecific competition for resources
leading to higher song similarity (Tobias et al. 2014), but the grounds for such claim
are slightly speculative at this point.

3 The Bird Dawn Chorus Revisited 77



This last study is one of the few examples pointing to interspecific communica-
tion in the dawn chorus. Earlier, Møller (1992) found increased singing activity of
five different species after the playback of the song of the black wheatear (Oenanthe
leucura), and suggested social facilitation as the underlying mechanism. Other
attempts to test this hypothesis have failed to find support. For instance, a study in
two species of thrushes (Turdidae) has shown that heterospecific playbacks do not
lead to earlier choruses on the following days, whereas this is the case for species-
specific playbacks (Hodgson et al. 2018).

In contrast to these minor temporal changes, the question of whether species-
specific timing varies in response to competition between species for an acoustic
space has received less attention. It is likely that the best answer to this question will
come from comparative, rather than single-community studies. We are only aware of
one study (as yet unpublished) that has compared whether differences in species
richness affect the way that dawn chorus time is shared. Comparing dawn chorus
patterns across the globe, Pollard (2009) found in her PhD thesis that, at sites with
high species richness, the onset of dawn song was more variable than at sites of low
richness. This pattern suggests that competition between species may indeed pro-
mote wider separation between the singing times of species singing in the same
chorus. A limitation of this study is that most data on choruses came from the
Northern Hemisphere, with a very small sample size for the Equator and the
Southern Hemisphere (Pollard 2009).

3.5 Conclusions

Despite important efforts in the study of the dawn chorus in the last few decades, this
review shows that there is still a good degree of confusion, and that much work is
still needed. Four out of the nine hypotheses proposed to explain this phenomenon
have not been empirically tested, while others present equivocal support as general
theories. In Table 3.1, we have listed the key findings for each hypothesis, as well as
our personal evaluation of the evidence supporting them and specific suggestions for
further research.

In spite of this plethora of explanations, most hypotheses are not incompatible
with each other. Their explanatory value changes depending on the species, and at
any rate we should not expect a single explanation (Kacelnik and Krebs 1983; Mace
1987b). Although there might be common patterns in dawn song across bird species,
the double function of male song (male vs. female receivers) is likely to be respon-
sible for the contrasting patterns of dawn choruses of (for instance) great tits (Mace
1987a) and chipping sparrows (Liu and Kroodsma 2007) (Fig. 3.3). More impor-
tantly, the function of song may change across the season, and thus we can expect
different functions at different times of the reproductive cycle for the same species.

Moreover, there is an interesting historical distinction among these hypotheses.
Many of them arose from an optimality standpoint, and postulated that early singing
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is selected for reasons that should benefit all signalling males (low predation, good
sound transmission, use of spare time and energy, etc.). In contrast, the handicap
hypothesis proposed a distinct view, suggesting that singing early is costly and
reflects male quality. This implies a shift from optimality to costliness. These two
views are not incompatible, since sexual selection can permeate processes of signal
production, modifying optimal patterns and shaping individual variation. In the case
of bird song, we expect that whatever general selective advantage is accrued by
singing early, between-individual variation in performance based on condition can
provide a way to assess male quality for individuals of both sexes (Gil and Gahr
2002). In other words, while some hypotheses explain early singing, the handicap
hypothesis aims to explain earlier-than-average singing.

Our personal view is that the best-supported hypotheses for early singing can be
gathered around three complementary lines of explanation. Firstly, energetic con-
straints (inefficient foraging at dawn and unpredictable overnight conditions—hypoth-
eses 6 and 7) allow a window of time in which singing has a low cost. Secondly, and
depending on the species, it pays males to sing early to manipulate female mating
(hypothesis 3) or settle territory boundaries and assert ownership (hypothesis 4). And,
thirdly, costs of early singing (hypothesis 5) should push song timing earlier than
optimal through a handicap mechanism that prevents dishonest signalling (but see
Hutchinson et al. 1993).

One interesting possibility is that a main selective pressure on dawn singing is
synchronicity in signalling. This would not explain why it pays to sing at dawn, but
rather that there is strong selection for signalling in synchrony. Synchronous signal-
ling results in a dilution of predation risk and a decrease in invasion rate (Kacelnik
and Krebs 1983), allows ritualization and comparison among signallers (West-
Eberhard 1979; Zahavi 1980), as well as favours the development of useful com-
munication networks (Burt and Vehrencamp 2005; McGregor 2005; Mennill et al.
2003). We believe that this possibility has not been sufficiently explored.

In the near future, the development of new techniques for experimentally manip-
ulating hormone levels, as well as remote-sensing devices for assessing singing
performance (Sugai et al. 2019) or studies integrating singing with spatial move-
ments of conspecifics (Amy et al. 2010), may offer suitable methods to test hypoth-
eses that are still poorly explored (e.g., circadian cycles and handicap hypotheses).
Further studies will also require detailed data at the individual scale and comparative
approaches, which can provide more precision and a more relevant baseline to
disentangle factors determining species- and population-specific patterns.

Ernst Mayr (1997) concluded that most, if not all, biological processes are proba-
bilistic, the result of several factors with a high degree of randomness. This pluralism
naturally leads to multiple hypotheses being correct at the same time, often including
the traditional bimodal perspective in biology (i.e. proximal vs. evolutionary explana-
tions). We believe that research on the bird dawn chorus represents a good example of
this pluralism of factors and illustrates how several hypotheses can coexist simulta-
neously. We hope that this review may help future research to refine our knowledge of
this puzzling phenomenon.
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