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Elaborate birdsong is thought to have evolved under sexual selection. Extrapair mating can enforce
sexual selection and thus the selection of song traits. We investigated song rate and song diversity, two
song traits previously shown to be under sexual selection, in relation to paternity success in the reed
bunting, Emberiza schoeniclus, a species with high levels of extrapair paternity. We focused our inves-
tigations on songs sung during the dawn chorus because singing at dawn is likely to be an honest signal
and there is increasing evidence that females engage in extrapair copulations early in the morning. We
classified a previously denoted continuous song, which is mainly sung during the dawn chorus, as a new
song type in this species. Males with high song rate and high song diversity were more likely to gain
extrapair paternity. These two song traits were also positively related to the number of extrapair
offspring sired. However, most of the variance in extrapair paternity success was explained by age. Old
males sired significantly more extrapair young than young males. Possibly, the new song type plays an
important role in the female choice of extrapair mates. Reed bunting females may prefer males that sing
at high rates and with high diversity because this indicates high phenotypic and genetic quality. Alter-
natively, these song parameters may be linked to other sexually selected traits or be important in the
intersexual competition for extrapair fertilizations.

Sexual selection is thought to be the main force that drives the
evolution of birdsong (Darwin 1871; Catchpole & Slater 1995).
Comparative data and experiments have shown that birdsong plays
an important role in male–male competition and in female choice
(Collins 2004). In socially monogamous passerine species, female
choice is often not limited to the choice of a social partner because
of extrapair mating (Griffith et al. 2002). Extrapair paternity (EPP)
can increase the variance in reproductive success of males (Webster
et al. 1995, 2007; Møller 1998; Albrecht et al. 2007; but see
Freeman-Gallant et al. 2005; Whittingham & Dunn 2005) and thus
the selection pressure on sexually selected traits, such as song
output or song diversity (Dolan et al. 2007). Studies on various bird
species suggest that song is important in extrapair mate choice
(Hasselquist et al. 1996; Kempenaers et al. 1997; Forstmeier et al.
2002; Byers 2007; Gil et al. 2007). However, other studies have
found no relation between song and EPP (Buchanan & Catchpole
2000; reviewed in Garamszegi & Møller 2004). To be adaptive,
a song trait must be recognized as an honest signal by the receiver
and it must increase the reproductive success of its bearer. An
honest signal is a costly signal indicating the quality of its producer

(Andersson 1994; Zahavi & Zahavi 1997; Gil & Gahr 2002). Elabo-
rate song could be an honest signal indicating heterozygosity
(Marshall et al. 2003; Reid et al. 2005), parasite resistance
(Garamszegi et al. 2005) or past developmental stress (Buchanan
et al. 2003).

Reed buntings, Emberiza schoeniclus, show one of the highest
frequencies of EPP within passerine bird species (Dixon et al. 1994;
Griffith et al. 2002) and they have a relatively elaborate song
compared to other species of the genus Emberiza (Catchpole &
McGregor 1985). The reed bunting is therefore a suitable species to
investigate the relation between song traits and female choice of
extrapair mates. Previous studies on reed bunting song showed
that males sing two song types: unpaired males sing a rapid song
(type I) while pairedmales sing a slow song (type II; Nemeth 1996).
Nemeth (1996) mentioned that type II song is sometimes per-
formed continuously and herewe classified this continuous song as
a third song type (type III; Fig. 1). Type III song is mainly produced
during the dawn chorus. Song output early in the morning is likely
to be an honest signal, indicating a male’s physical condition,
because the birds could not feed during the night (Cuthill & Mac-
Donald 1990; Thomas & Cuthill 2002; Barnett & Briskie 2007).
Studies on various species have found a peak in the dawn song
activity or intensity during the fertile period of females (Mace 1987;
Eens et al. 1994; Welling et al. 1995). It is also known from several
bird species that copulations take place early in the morning
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(reviewed in Mace 1987; Birkhead & Møller 1992). In the superb
fairy-wren, Malurus cyaneus, females also actively engage in
extrapair mating just before dawn (Double & Cockburn 2000).
Significant positive relationships between dawn song characteris-
tics and EPP have been reported (Poesel et al. 2006; Dalziell &
Cockburn 2007; Sexton et al. 2007). We therefore focused our
investigations on type III song produced during the dawn chorus.
The aim of this study was to find out whether song rate and song
diversity are related to extrapair paternity in this species.Wewould
expect the relatively complex song of the reed bunting, compared
to that of other species of the genus Emberiza, to have evolved and
to be maintained by a strong female preference for extrapair mates
with elaborate song.

METHODS

Study Species

The reed bunting is a small (ca. 19 g), sexually dimorphic
passerine species. The predominant breeding system is social
monogamy with high rates of extrapair paternity (O’Malley 1993).
Pairs normally raise two broods per breeding season, which lasts
from the end of April to the end of July. Reed buntings perform
a distinct dawn chorus where males sing loudly and persistently. A
song strophe consists of a series of three to seven syllables: an
introductory syllable, multiple syllables, and sometimes a final trill
(Fig. 1). It lasts 1–4 s with a frequency range of 2–8 kHz. Males use
a repertoire of 10–30 syllables and often start their song strophe
with specific introductory syllables (Snow 1994; Nemeth 1996).
Females are able to identify individual singers (Nemeth 1994).

Study Site and General Field Methods

We conducted the fieldwork during 2004, 2005 and 2006 on the
marshland Grande Cariçaie at the Lake of Neuchâtel near Gletterens

(46�5403000N, 6�5600000E) in Switzerland. The vegetation of the
33 ha study site is dominated by dense stands of sedges, Carex elata,
and fen-sedges, Cladium mariscus, mixed with reed, Phragmites
australis (Aebischer et al. 1996; Keiser 2007). For orientation, a grid
of 50 � 50 mwas laid over the study area. From the end of April we
systematically searched for nests, mapped them and monitored
themdaily to assign the exact hatching date. However, some broods
were only found after hatching. Adult birds weremist-netted either
at the nest site or (for some males) with the help of playback near
their songposts. Birds were ringed with a unique combination of
three colour rings and a numbered aluminium ring from the Swiss
Ornithological Institute. From all birds we took about 5–50 ml blood
from the brachial or leg vein for parental analysis. Blood samples
were collected in a 70 ml capillary tube, put on ice in the field and
stored at �18 �C on the same day. Dead nestlings and eggs that
failed to hatch were collected. The social parents of a brood were
identified at the nest site by direct observation or with the help of
a colour video camera installed at the nest. Access to nature
reserves was granted by the canton of Fribourg. The birds were
caught and ringed under licence of the Federal Office for the
Environment and blood samples were taken under licence of the
cantonal ethics committee on animal experiments.

Molecular Methods

DNA was extracted from blood and tissue samples using a Peq-
gold blood DNA isolation kit (Peqlab, Erlangen, Germany). For
paternity analyses we used fluorescently labelled primers for six
different variable microsatellite loci: Escm1, Escm3, Escm4, Escm6
(Hanotte et al. 1994), Pdom5 (Griffith et al. 1999) and Ppi2 (Martinez
et al. 1999). They were amplified by polymerase chain reaction
(PCR) and products were run on an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems Inc., Foster city, CA, U.S.A). The alleles were
determined with DNA fragment analysis software (Genescan
version 3.1, Applied Biosystems). The combined exclusion
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Figure 1. Spectrograms of three different song types of a reed bunting male: (a) rapid song (type I), (b) slow song (type II) close to midday, (c) continuous song (type III) close to
dawn. Song strophes in the type III song are often linked with a particular linking syllable (LS). This male uses the specific introductory syllable (IS).
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probability of the six microsatellites was higher than 0.995 for the
first parent and 0.999 for the second parent using the program
CERVUS version 3.0 (Marshall et al. 1998; Kalinowski et al. 2007).

Song Recording and Analysis

Song was recorded from March to July using a Sennheiser ME
66/K6 directional microphone connected to a Sony WM-DC6
professional Walkman. For each recording we noted time, date and
position on a map. We focused our recording effort on the dawn
chorus, which starts about 40 min before civil twilight begins and
disintegrates as daylight intensity increases. Civil twilight is
defined to begin in the morning, and to end in the evening, when
the centre of the sun is geometrically 6 degrees below the horizon
(Seidelmann 1992). It is the limit at which twilight illumination is
sufficient, under good weather conditions, for terrestrial objects to
be clearly distinguished (Seidelmann 1992). We also made
recordings during the day where singers could be identified by
their ring colour code. The repertoire, introductory syllables and
position of the singer allowed us to assign dawn chorus recordings
to individual males.

Recordings were digitized into Raven 1.2.1 (Cornell Laboratory of
ornithology, Ithaca, NY, U.S.A.) on aMacintosh G5 OS X and saved as
Wav-files using the following parameters: input sample rate
44100 Hz, sample format 16 bit, at normal speed, rate conversion
decimation factor 2, output sample rate 22050 Hz. Sonagramswere
produced in Raven 1.2.1 with the following parameters: type Hann,
time grid overlap 50%. Syllables were determined by visual
inspection. We followed Nemeth (1996) for the definition of
a syllable. Songs were categorized by eye as continuous songs (type
III) when pauses between song strophes were no longer than
pauses between syllables; otherwise they were categorized as slow
songs (type II). Rapid songs (type I) were excluded from the anal-
ysis. For the analysis we only used songs recorded between 20 April
and 30 June, when fertile females were present on the study site.
The peak of the song rate was determined with recordings made
between 50 min before and 50 min after civil twilight began. For
the analysis of song traits and extrapair paternity success we used
means of the male’s song type III recorded between 30 min before
and 30 min after the song peak.

Statistics

Song rate, repertoire and song diversity were calculated from
100 consecutive syllables. Song rate is the number of syllables/s;
repertoire is the number of different syllables; song diversity was
calculated with Simpson’s diversity index, formerly used to
measure species diversity (Simpson 1949). The index takes into
account the number of different syllables and the relative abun-
dance of each syllable. Although the syllables in the reed bunting
song are not independent of each other, we used Simpson’s index
because it gives a simple estimate of song diversity. We did not use
repertoire in the analysis of paternity success because of the low
repeatability.

We had data on song traits and reproductive success for 57
different males. For eight males we had data from 2 years and for
three males data from 3 years (2004: 12 males; 2005: 25 males;
2006: 34 males). We pooled data over the 3 years by randomly
choosing the data of 1 year for males that occurred in more than 1
year. The relationship between song traits and extrapair paternity
was investigated in three ways. First, we compared song traits of
males that sired extrapair young (EPY) with those of males that did
not sire EPY. Second, we looked for a bivariate relation between
song traits and the number of extrapair offspring a male sired.
Third, we determined the relative effects of the song traits on EPP
success taking into account male age in a general linear model

(GLM). Males were categorized as old males when they were at
least in their second breeding season (2005: N ¼ 10, 2006: N ¼ 13).
We assumed unringed adults that were breeding for the first time
on our study area in 2005 (N ¼ 16) and 2006 (N ¼ 21) to be young
males (following Bouwman et al. 2007). Year was excluded from
the final GLMs as it showed no effect in the initially expanded
models. We also compared song traits between cuckolded males
and the corresponding extrapair males in a pairwise test. Eachmale
was only included once in this paired test with the corresponding
extrapair male that sired most EPY. For statistical analysis we used
JMP version 5.0.1 (SAS Institute Inc. Cary, NC, U.S.A.), R version 2.4.1
(R Foundation for Statistical Computing, Vienna, Austria) and
EXCEL. Nonparametric tests were used for non-normally distrib-
uted data. All tests are two tailed with a significance level of
P < 0.05.

RESULTS

Repeatability and Correlations Between Song Traits

The repeatability (Lessells & Boag 1987) of the three song traits
was highest for song rate (repeatability of song rate: F36,63 ¼ 2.96,
r ¼ 0.42, P ¼ 0.0001; repertoire: F36,63 ¼ 1.68, r ¼ 0.20, P ¼ 0.0351;
diversity: F36,63 ¼ 2.59, r ¼ 0.37, P ¼ 0.0005). The three song traits
were positively correlated with each other (repertoire versus song
rate: r56 ¼ 0.24, P < 0.07; song diversity versus song rate:
r56 ¼ 0.34, P < 0.01; song diversity versus repertoire: r56 ¼ 0.70,
P < 0.001).

Frequency and Distribution of Extrapair Paternity

We genotyped 540 offspring from 143 broods (2004: 147
offspring from 38 broods; 2005: 209 offspring from 56 broods;
2006: 184 offspring from 49 broods). The social father was deter-
mined for 506 offspring from 132 broods and the genetic father for
529 offspring from 142 broods. On average, there were 39% EPYand
64% of the broods contained at least one EPY. In 2005 there were
significantly more EPY than in the other years (2004: 46/139; 2005:
91/199; 2006: 61/168; likelihood ratio test: G2 ¼ 6.3, P ¼ 0.05). The
EPY were not equally distributed among broods: there were 48
entire within-pair broods, 60 mixed broods and 24 entire extrapair
broods. In each year, the distribution of EPY among broods differed
from that expected under a binomial distribution (likelihood ratio
test: all P < 0.01). In 73 broods a single male sired EPY and in 11
broods the EPY were sired by two different males. Males signifi-
cantly increased their reproductive success with extrapair paternity
(Table 1).

Song Traits, Age and Extrapair Paternity

Song rate reached a peak shortly before civil twilight (Fig. 2).
Song strophes in the type III song had characteristic male-specific
introductory syllables and a linking syllable (Fig. 1). At least 91%
(52/57) of the males used the linking syllable in their song. Song

Table 1
Reproductive success of reed bunting males that did or did not gain extrapair
paternity (EPP)

Year Gained EPP Did not gain EPP Z* P

2004 9.2�1.5 (6) 4.0�1.5 (6) 1.70 0.089
2005 7.8�1.1 (16) 3.0�1.4 (9) 2.68 0.007
2006 7.8�0.7 (15) 2.3�0.6 (19) 4.01 0.0001
Pooled 8.1�0.7 (28) 2.3�0.7 (29) 4.80 0.0001

The mean number of offspring � SE and sample size (in parentheses) are shown.
* Wilcoxon two-sample test.
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rate, repertoire and diversity were all significantly higher in type III
than type II song (Table 2).

Males that sang at a high rate during the dawn chorus were
more likely to gain extrapair paternity thanmales that sang at a low
rate (logistic regression: c21 ¼ 6.12, P ¼ 0.02; Fig. 3a) andmales with
high song diversity were more likely to gain extrapair paternity
than males with low song diversity (c21 ¼ 5.63, P ¼ 0.02; Fig. 3b).
We found positive correlations between song rate/diversity and the
number of EPY a male sired (Fig. 4).

Old males sired significantly more EPY than young males (mean
EPY � SE of old males: 3.33 � 0.49, N ¼ 18; young males:
0.94 � 0.37, N ¼ 33; Wilcoxon two-sample test: Z ¼ 3.81,
P ¼ 0.0001). GLMs showed that song diversity but not song rate had
a significant effect on extrapair paternity success, that is, on the
number of EPY sired, when age was taken into account (Table 3).
Males that returned in a subsequent year increased their song
repertoire (Wilcoxon signed-ranks test: Z ¼ �2.47, N ¼ 11, P ¼ 0.01)
and song diversity (Z ¼ �2.11, N ¼ 11, P ¼ 0.04). Song rate of indi-
vidual males did not change significantly between consecutive
years (Z ¼ 0.16, N ¼ 11, P ¼ 0.87).

Mean song rate, mean diversity and the mean number of EPY
of males did not differ between years (mean song rate: ANOVA:
F2,68 ¼ 1.00, P ¼ 0.37; mean song diversity: Kruskal–Wallis test:
H2 ¼ 0.27, P ¼ 0.87; mean number of EPY: H2 ¼ 2.40, P ¼ 0.30).
Pooled data over the 3 years revealed no significant difference
in the mean song rate between males that were and those that

were not cuckolded (mean song rate (syllables/s) � SE of cuck-
olded males: 1.47 � 0.02, N ¼ 40; not cuckolded males:
1.53 � 0.04, N ¼ 17; logistic regression: c21 ¼1.68, P ¼ 0.20).
Mean song diversity showed a nonsignificant tendency to be
higher in males that were not cuckolded than in males that
were cuckolded (mean song diversity � SE of cuckolded males:
0.804 � 0.006, N ¼ 40; not cuckolded males: 0.826 � 0.010,
N ¼ 17; logistic regression: c21 ¼ 3.27, P ¼ 0.07). A paired test
between an extrapair male and the associated cuckolded male
revealed no significant difference in song rate and song
diversity (song rate: paired t test: t30 ¼ 0.631, P ¼ 0.53; song
diversity: t30 ¼ 1.57, P ¼ 0.13).

DISCUSSION

Elaborate birdsong is thought to have evolved under sexual
selection (Darwin 1871; Catchpole & Slater 1995). Our detection of
a particular song type that reed bunting males mainly sing during
the dawn chorus allowed us to ask questions about its signalling
function. In our study, reed bunting males increased significantly
the number of genetic offspring through EPP (Table 1). We found
positive relationships between two dawn song characteristics
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Figure 2. The song rate of reed buntings in relation to the beginning of civil twilight
(dawn). The song rate reached a peak 4.4 min before dawn (Y ¼ 1.3316 � 0.002701
X � 0.000305 X2, R ¼ 0.3964). The analysis includes 311 recordings of 64 different
males, recorded between 20 April and 30 June over 3 years (2004–2006).

Table 2
Paired comparisons of song traits X � SE between type II and type III song

Song trait Type II Type III t49* P

Song rate (syllables/s) 0.96�0.03 1.49�0.02 17.96 0.0001
Repertoire 6.23�0.26 7.24�0.21 3.76 0.0005
Song diversity 0.75�0.01 0.80�0.01 5.48 0.0001

The song traits were calculated from 100 consecutive syllables. The repertoire is the
number of different syllables that appeared. The song diversity was calculated using
Simpson’s diversity index.

* Paired t test.
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(song rate, song diversity) and EPP success (Figs 3, 4). Experiments
on other bird species have shown that these two song traits may
indeed be under sexual selection (Draganoiu et al. 2002; Spencer
et al. 2005). In other studies the onset of dawn song, song rate or
consistent singing at dawn were positively related to EPP (Poesel
et al. 2006; Byers 2007; Dolan et al. 2007).

Reed bunting males sing different song types (Fig. 1). The
function of type I song may be the attraction of a social partner and
the defence of potential breeding sites against other males (Ewin
1977). We observed that paired males sometimes also sing type I
song later in the season. Since a few males are socially polygynous,
paired males may keep on singing type I song to attract additional
females. The slow type II song peaks in intensity during the incu-
bation period of the social female (Nemeth 1996). Incubating reed
bunting females are more likely to leave the nest and to stay away

for longer when their social male is singing and Wingelmaier et al.
(2007a) suggested the type II song is an ‘all-clear’ signal to the
incubating female. Type III song peaks in intensity during the fertile
period of the females. From observations in aviaries it is known that
female reed buntings initiate extrapair copulations towards singing
males (Wingelmaier et al. 2007b) and there is evidence from
another species that extrapair copulations take place early in the
morning (Double & Cockburn 2000). It might be easier for females
to engage in extrapair mating at dawn because at that time of day
mate guarding is hindered by low visibility and because the social
male is occupied with singing and attracting extrapair mates
himself. However, a trade-off betweenmate guarding and extrapair
mate attraction may only occur when breeding synchrony is high
(Weatherhead & Yezerinac 1998).

Extrapair mates are mostly neighbouring males (Suter et al.
2007). Females may thus be able to estimate the quality of these
males throughout the breeding season. Females can more easily
compare the songs of different males early in the morning because
all males then sing simultaneously (Mennill et al. 2002; Poesel et al.
2004). In addition, songs are loud and clear at dawn because of the
temperature inversion that forms a tunnel of cold air, there is little
or no wind, and little environmental noise (Slabbekoorn 2004). For
males, however, dawn singing is costly. Depending on environ-
mental temperature, males lose 5–10% of their body mass at night
because they do not feed (Helms 1963; S.M. Suter, unpublished
data). In addition, persistent singing takes time and energy
(Thomas 2002;Ward et al. 2003;Ward & Slater 2005; Hasselquist &
Bensch 2008) and increases the risk of being taken by a predator
(Møller et al. 2006). Despite this, the reed bunting dawn chorus is
loud and lasts for about 1 h. Thus only males in good physical
condition maymaintain a high song rate during this time (Cuthill &
MacDonald 1990; Thomas & Cuthill 2002; Barnett & Briskie 2007).
A high song rate at dawn could thus be an honest signal towards
females, indicating male quality (Otter et al. 1997).

We found a positive relation between song diversity and EPP
(Figs 3, 4, Table 3). Sexual selection theory suggests that a more
complex song has additional costs, which only the best males can
afford (Catchpole 1987; Catchpole & Slater 1995). More complex
songs may need more brain space and an additional investment in
neurons (Airey & DeVoogd 2000; Airey et al. 2000; Jarvis 2004).
Several studies have shown a female preference for males with
higher song diversity (Catchpole 1980; Hasselquist et al. 1996;
Mountjoy & Lemon 1996; Pasteau et al. 2004; Reid et al. 2004).
However, neither song diversity nor temporal song output was
related to levels of extrapair paternity in comparative analyses
within and between species (Garamszegi & Møller 2004). Song rate
and song diversity were intercorrelated in our study. Only experi-
ments where females can choose between different manipulated
songs can help to disentangle the relative importance of the two
song traits in the choice of extrapair mates. The positive correla-
tions between song traits and EPP success indicate a possible
relation, but they are not proof that female reed buntings choose
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Figure 4. (a) Mean song rate of reed bunting males in relation to the number of
extrapair young (EPY) sired (rS ¼ 0.268, N ¼ 57, P ¼ 0.04). (b) Mean song diversity in
relation to the number of EPY sired (rS ¼ 0.372, N ¼ 57, P ¼ 0.01). Data were pooled
over 3 years (2004–2006) where each male is only included once. The age categories of
males were combined.

Table 3
General linear models (GLMs) showing the relative effects of song rate, song
diversity and age on extrapair paternity success, that is, the number of extrapair
young a reed bunting male sired

Variable F1,50 P Eta2

GLM (Song rate and age) Age 11.68 0.001 0.188
Song rate 0.41 0.524 0.004
Age*song rate 0.01 0.913 <0.001

GLM (Song diversity and age) Age 11.70 0.001 0.166
Song diversity 6.91 0.012 0.098
Age*song diversity 1.85 0.179 0.026

Eta2: relative effect size is the proportion of the variance explained by the variable.
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males with elaborate song for extrapair copulations. Possibly, song
characteristics are correlated with other sexually selected traits
such as plumage coloration. Alternatively, song characteristics at
dawn could be important in male–male interactions (Liu &
Kroodsma 2007) that may determine the outcome of extrapair
fertilizations. Experiments and the application of new technologies
such as high-resolution tracking in time and space should help to
bridge our gaps in knowledge.

Song rate and song diversity during the dawn chorus were not
related to paternity success in the male’s own nest. Other studies
have also found no relation between within-pair mating success
and song characteristics (Krokene et al. 1996; Poesel et al. 2006;
Dolan et al. 2007; but see Leisler et al. 2000). It is also not likely that
type III song plays a role in the defence of food resources because
reed buntings forage mostly outside their territories (Keiser 2007).

An earlier study on reed buntings showed that older males sing
actively during the day and are more successful at gaining EPP
(Bouwman et al. 2007). In our study too, old males were more
successful at gaining EPP than young males (Table 3). A paired test
revealed that males increased their repertoire, and thus song
diversity, between successive years. Other studies on various bird
species showed that the repertoire increases with age or at least
between the first two breeding seasons (Nottebohm & Nottebohm
1978; Hiebert et al. 1989; Lampe & Espmark 1994; Gil et al. 2001;
Forstmeier et al. 2006; Kiefer et al. 2006; Nicholson et al. 2007). A
large repertoire and high song diversity may thus reflect male age
and indirectly indicate good genes that enabled the male to survive
(Kokko & Lindstrom 1996; Kokko 1998; Brooks & Kemp 2001;
Jennions et al. 2001).

A positive relation between song output and breeding density
has been found in other species (Sexton et al. 2007) as well as
between breeding density and the occurrence of EPP (Westneat &
Sherman 1997; Petrie & Kempenaers 1998). However, local
breeding density was not correlated with the occurrence of EPP in
reed buntings (Bouwman 2005; Keiser 2007).

Females may choose males with elaborate song for extrapair
copulations because it indicates male viability and thus good genes
(Birkhead & Møller 1992; Hasselquist et al. 1996). In the reed
bunting population we studied, extrapair fledglings were more
heterozygous and survived at a higher rate than within-pair
fledglings (Suter et al. 2007). The high heterozygosity of the
extrapair young (EPY) was based on a low genetic similarity
between females and extrapair males (Suter et al. 2007). These
earlier findings support the genetic compatibility hypothesis and
may explain the extrapair mating behaviour of females (Suter et al.
2007). Females may estimate the genetic dissimilarity of a male
through song characteristics. However, the choice would then focus
on relative song characteristics and depend on the genotype of the
individual female. Females can increase the heterozygosity of their
offspring not only when mating with genetically dissimilar males
but also when mating with more heterozygous males (Mitton et al.
1993). A male could indicate his heterozygosity through absolute
values of song rate or song diversity. However, in our study the
successful extrapair males were not more heterozygous than the
unsuccessful but potential extrapair males (Suter et al. 2007) and
song rate and song diversity were not related to a male’s hetero-
zygosity (S.M. Suter, unpublished data).

Female reed buntings may gain no genetic benefits from being
attracted to extrapair males with high song rate and diversity or
these song traits may only play a role in intrasexual competition. If
so, females may even do better to ignore absolute song traits when
choosing genetically compatible mates. On the other hand, females
may additionally profit through extrapair matings with compatible
males that show elaborate song traits because they could get, at the
same time, both good and compatible genes for their offspring.
Benefits of extrapair fertilization can be based on both good and

compatible genes, as they are notmutually exclusive (Neff & Pitcher
2005). Female choice could then be separated into two steps. First,
females copulate with ‘good singers’ to obtain good genes. Second,
within the female’s reproductive tract, a subsequent cryptic female
choice (Birkhead & Pizzari 2002) could take place, where sperm of
‘good singers’ are selected for compatibility. The relative impor-
tance of the two indirect genetic benefits may depend on the
current genetic set-up of the population and change over time (Neff
& Pitcher 2005). Whether she goes for compatible or for good genes
may also depend on a female’s genotype (Kempenaers 2007). For
example, a highly heterozygous female could profit more bymating
with males that indicate good genes whereas a female that has low
genetic heterozygosity would profit more by engaging in extrapair
copulations with a genetically dissimilar or more heterozygous
male. In this scenario, different females would pursue different
mating strategies within the same population. Additionally to these
indirect genetic benefits, females might gain direct benefits such as
fertilization assurance of the clutch (Wetton & Parkin 1991; Lifjeld
et al. 2007). ‘Good singers’ might indicate not only their excellent
physical condition but also their ability to fertilize eggs (Sheldon
1994; but see Birkhead & Fletcher 1995; Birkhead et al. 1997).

In conclusion, we found positive relations between two song
characteristics (song rate, song diversity) of a distinct dawn song
type and EPP success. The relatively complex song of the reed
bunting, compared to that of other species of the genus Emberiza,
and the distinct and persistent dawn chorus, may be the result of
strong sexual selection during the choice of extrapair partners. The
dawn chorus may be important in the context of extrapair mating
inmany other bird species as well. Further studies and experiments
are needed to investigate the relative importance of genetic bene-
fits based on good and compatible genes in the context of female
promiscuity.
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