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Abstract Male song is known to be important in the mate

choice of birds, as different song features reflect different

traits of the singer. The reason why song complexity, in

this context, should reflect the quality of the performing

individual is still under debate. Nevertheless, some studies

show that song complexity may serve as an honest indi-

cator of male quality. Evidence for but also against this

comes from the genus of Acrocephalus warblers. Here, we

examine the song complexity of male marsh warblers

Acrocephalus palustris. They sing continuous songs com-

posed of strophes of varying length containing different

syllables, and are considered to be the most complex

singers among Acrocephalus warblers. In terms of com-

plexity, we refer here to the number of new syllables

produced over time, and relate this complexity measure to

female choice and male parameters reflecting parental and

intrinsic quality. Males produced, on average, 11.6 ± 0.8

syllables per 6 s interval, and this number was highly

repeatable over 120 s sampling period. Therefore, the

structural complexity of male song can be accurately

characterised from 6 s of singing behaviour, and eaves-

dropping may allow females to assess complex songs more

easily. We demonstrate a potential role of song complexity

in female choice, as males singing more complex songs

mated faster and their females produced bigger clutches.

Furthermore, song complexity did not indicate the future

paternal quality of the singer, and was not associated with

male arrival time. The negative relationship between song

complexity and strophe length may reflect different aspects

of male quality.

Zusammenfassung

Komplexität im Gesang männlicher Sumpfrohrsänger:

Zeigt sie die Qualität des Männchens an?

Bei Vögeln ist der Gesang der Männchen häufig ein Kri-

terium bei der Partnerwahl und verschiedene Gesangscha-

rakteristika geben Auskunft über die Qualität des Sängers.

Dass die Gesangsquantität (wieviel ein Männchen singt)

etwas über den Sänger aussagt scheint klar (wer länger singt

ist besser), aber worüber Gesangsqualität Auskunft gibt

wird momentan noch intensiv untersucht. Es gibt zumindest

Hinweise, dass auch die Qualität des Gesanges, z.B. die

Komplexität der Gesangsstruktur ein Mass für die körper-

liche Qualität des Sängers darstellt. Hinweise dafür, aber

auch dagegen, gibt es von Rohrsängerarten (Acrocephalus

spp.). In dieser Studie untersuchen wir die Bedeutung

von Gesangskomplexität von Sumpfrohrsängermännchen

(Acrocephalus palustris), die als besonders virtuose Sänger

gelten und versuchen diese mit Weibchenwahl und anderen

möglichen Qulitätskriterien der Männchen in Zusammen-

hang zu bringen. Wir können zeigen, dass der Gesang eines

Tieres, trotz seiner extremen Komplexität, für das jeweilige
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Individuum reproduzierbar ist. Betrachtet man nämlich nur

kurze Ausschnitte aus dem kontinuierlichen Gesang eines

Männchens, so ist die strukturelle Komplexität signifikant

ähnlich. Das würde Weibchen ermöglichen, die Virtuosität

eines Sängers anhand kurzer Gesangsauschnitte zu beur-

teilen, ohne sein ganzes Gesangrepertoire zu kennen.

Unsere Untersuchung liefert auch Hinweise dafür, dass

Gesangskomplexität bei der Partnerwahl dieser Art eine

Rolle spielt, da Männchen mit komplexeren Gesängen sich

schneller verpaaren und Weibchen solcher Männchen

größere Gelege produzieren. Gesangskomplexität scheint

jedoch nicht an die Ankunftszeit der Männchen gekoppelt

zu sein und spiegelt auch nicht deren spätere elterliche

Qualität wieder. Die negative Beziehung zwischen Ge-

sangskomplexität und Gesangshäufigkeit deutet darauf hin,

dass diese zwei Parameter unterschiedliche Informationen

über den Sänger geben könnten.

Keywords Marsh warbler � Acrocephalus palustris �
Song complexity � Female choice

Introduction

Birdsong has often been demonstrated to be an important

signal for mate choice (Andersson 1994; Catchpole 2000),

and several studies (see below) have demonstrated that the

structural complexity of the song reflects the quality of the

singer.

Consequently, females gain direct benefits by selecting a

male with a more complex song, because these males

provide superior resources, either because they occupy

better territories containing more food (Searcy and

Yasukawa 1996) or because they provide more paternal

care (Greig-Smith 1982; Hoi-Leitner et al. 1993; Buchanan

and Catchpole 2000a). In many passerine species, bipa-

rental care significantly affects reproductive success, and

the importance of male care has been repeatedly demon-

strated with Acrocephalus warblers (Duckworth 1992; Hoi

et al. 1995; Westerdahl et al. 2000). Furthermore, Buchanan

and Catchpole (1997, 2000b) have already established a link

between male repertoire size, the rate at which males feed

their chicks, and female choice in the sedge warbler Acro-

cephalus schoenobaenus. Buchanan et al. (1999) found

smaller repertoire sizes for males which were heavily

infested with blood parasites. This means that females, when

choosing a male with a complex song, benefit further because

they reduce their risk of parasitic infection.

Evidence for indirect genetic benefits of mate choice in

relation to song complexity has come from studies exam-

ining genetic parentage. Hasselquist et al. (1996) demon-

strated that repertoire size is a reliable indicator of male

quality in the great reed warbler A. arundinaceus, though

opposite results have been found in the sedge warbler

(Marshall et al. 2007). Males with larger and more complex

songs suffer less from extra-pair paternity and are more

likely to achieve extra-pair chicks in other nests. Further

evidence of indirect genetic benefits could be related to

age; song complexity and repertoire size may be reflections

of age, especially for open-ended learners. Evidence for

this comes from sedge warblers, as older males are found to

sing more complex songs (Birkhead et al. 1997). An

argument for the honesty of male song complexity and an

indicator of its indirect benefits come from the develop-

mental stress hypothesis, which suggests that song com-

plexity depends on early developmental conditions

(Naguib and Nemitz 2007; Zann and Cash 2008). The

results which are in line with this are, however, contro-

versial (Holveck et al. 2008; Brumm et al. 2009).

There is still debate, however, about whether and in

what way song complexity can reliably indicate male

quality for prospecting females. For example, it is ques-

tionable whether producing a complex song is costly

(Gaunt et al. 1996; Oberweger and Goller 2001; Thomas

2002; Ward et al. 2003, 2004), which is a basic

assumption for honest signalling (Andersson 1994). One

line of evidence is that producing a larger repertoire

requires a larger brain (Nottebohm et al. 1981; Gar-

amszegi and Eens 2004), and particularly the volume of

the higher vocal centre (HVC) (Catchpole 2000). Szekely

et al. (1996) found some evidence for a relationship

between song repertoire and brain size in Acrocephalus

warblers (DeVoogd et al. 1993; Airey et al. 2000; Leitner

and Catchpole 2002).

Information on the significance of song complexity in

sexual selection has mainly been supplied by Acrocephalus

species. In this genus, male song usually has a dual func-

tion and serves a purpose in intra- as well as intersexual

selection; territorial song is usually characterised as being

simple and short, whereas the song used to attract females

is longer and more complex (Catchpole and Slater 2008).

Acrocephalus warblers are continuous singers with a high

level of interspecific variation in repertoire size, mainly

with regard to the number of different syllables a male

produces. Syllable types can range from a few syllables in

the Aquatic warbler Acrocephalus paludicola up to the

1,155 different syllables estimated by Bell et al. (2004) for

the marsh warbler Acrocephalus palustris. Most studies

have investigated species with low or intermediate reper-

toires. It needs to be demonstrated whether the functional

relationship between song complexity, its reliability and

mate choice also holds for species where one would expect

the most intense intersexual selection, namely those with

the most complex songs. In this study, we therefore

examine the role of song complexity in female choice in

the case of the marsh warbler.
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It may be very time-consuming for females to evaluate

the repertoire size of several males (Botero et al. 2008); it

can take several hours to sample thousands of syllables. In

addition, it would require the evolution of the necessary

brain structures in females, but there is no evidence that

females increase their brain size (in the song control

region) in order to assess song complexity, except for

species where females sing (Brenowitz and Arnold 1986)

and female canaries, in which song is induced by testos-

terone (Nottebohm 1980). Therefore, given that the neu-

ronal resources, time and effort needed for this type of

comparison are considerable, it is very likely that biolog-

ical receivers in species with extremely large repertoires

estimate song complexity from short and incomplete

samples (Fessl and Hoi 2000). Using the song complexity

of subsamples over song rate or output may be advanta-

geous, because complexity may be less sensitive to envi-

ronmental or condition-dependent individual variation. For

example, male song intensity (Brumm and Todt 2002) or

song structure (although to a lesser extent) (Nemeth and

Brumm 2010) can be influenced by noise conditions, while

song rate can be influenced by weather conditions, but song

complexity is unlikely to be affected. Subsampling has

another advantage for females. If females extract infor-

mation from samples of male song over short intervals,

males will never know when the sampling is taking place,

or may not even notice the female’s presence in the dense

vegetation, which means that they always have to perform

at the maximum level. Thus, eavesdropping by both female

and male receivers may play a significant role in shaping

signalling.

In this study, we therefore investigate within- and

between-male variation in the structural complexity of

song within short time periods. Here we define song

complexity as the number of new syllables appearing

during a given time interval (see ‘‘Methods’’), and focus on

the question of whether this complexity parameter reflects

any other male trait which could be important for female

choice. The marsh warbler is a socially monogamous

passerine that has revealed a tendency to become polygy-

nous (Leisler and Wink 2000). Male marsh warblers sing a

continuous song (Cramp 1993; Bell et al. 2004) which

leads to song strophes of different lengths and different

compositions of syllables (Cramp 1985; Bell et al. 2004). A

strophe is a period of continuous singing, and strophes are

interrupted by pauses of at least 2 s. In fact, marsh warblers

are mentioned as the species with the most elaborate rep-

ertoire size of all Acrocephalus warblers (Dowsett-Lemaire

1979; Catchpole 2000). The number of types of syllable is,

in fact, much greater (Bell et al. 2004) than predicted by

Dowsett-Lemaire (1979) and Catchpole (2000). Bell et al.

(2004) demonstrated that, in male marsh warblers’ reper-

toires, size is related to nesting success, and that a

subsample of a male’s song is sufficient to provide reliable

information on overall repertoire size. In an earlier study,

Fessl and Hoi (2000) demonstrated that for the moustached

warbler Acrocephalus melanopogon, another Acrocephalus

species with a very complex song, small song subsamples

of 3 s are sufficient to produce repeatable and reliable

results regarding the structural complexity of song. In

addition, for marsh warblers, we found that subsamples of

male song are significant predictors of song complexity.

This fact makes it finally possible to study male song

complexity in relation to other male features and mate

choice in this species.

Methods

We conducted this study during the 2001 and 2002

breeding seasons (May to July) in Western Slovakia

(48�2501000N, 16�5902500E). The study sites comprised two

distinct ditches, including a water channel and strips of

2- to 5-m-wide unflooded common reed (Phragmites aus-

tralis), interspersed mainly with stinging nettle (Urtica

dioica), goldenrod (Solidago sp.) and bushes (willow, Salix

sp.).

A few days after their arrival at the territory, the male

and female birds were mist-netted and individually colour-

ringed (for identification during feeding protocols). In

addition, several morphological variables, including wing,

tail and tarsus length, were measured with calipers to the

nearest 0.1 mm, body mass was determined with an elec-

tronic balance to the nearest 0.1 g, and a blood sample

(about 30 ll) was taken from the brachial vein for paternity

analyses. Territories were visited daily in order to deter-

mine the male arrival date, defined as the first day that a

particular male was observed singing in the area. Male

song was therefore monitored over a 20 min period, start-

ing at the end of April, 2–4 times before the arrival of the

female at the territory during the morning hours between

05.00 and 10.00. Song production (the time males spent

singing during the 20 min) and strophe length were

determined using a watch and were recorded during the

morning hours between 05.00 and 10.00. In order to

determine the arrival day of the females, the territories

were visited daily. A male was deemed to have attracted a

mate when at least two of the following conditions were

fulfilled: (1) the female was sighted in the territory; (2) the

male was nearby; (3) the birds (male and female) gave

alarm calls; and (4) the males reduced their song produc-

tion (fewer and shorter strophes). Nests were checked

every 3 days in order to obtain information on reproductive

parameters, including the start of laying, clutch size, and

the number of nestlings and fledglings. Data on male

and female feeding behaviour were collected through
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observations from hides during a period of 1 h (between

06.00 and 10.00) when the nestlings were 5–7 days old.

Male feeding effort was given as the percentage of feeding

trips/hour in relation to the female partner.

Forty-one males (2001: 27 males, 2002: 14 males) were

used for song analysis, but no male was used twice. Each

territorial male was recorded one morning (between 06.00

and 09.00) for a total of at least 3 min, and this occurred

before a mate was attracted (at least two days prior to

mating), and with no neighbours singing or windy condi-

tions. For recording purposes, we used a Sony WM pro-

fessional recorder, a Telinga Twin Science parabolic

microphone, and a dual mono microphone mounted on a

57 cm diameter clear plastic parabola.

For song analyses, we used software created by Avisoft

SASLab Bioacoustics. Recordings were analysed by means

of printed spectrograms (Fig. 1) using a sampling rate of

44.1 kHz and a bit depth of 24 bit, an FFT length of 256

points on a Flat Top window type for precise magnitude

measurements, and, in order to achieve a higher temporal

resolution, a 50% overlap. Initially, for each male, all three

authors set the rules regarding how syllables were deter-

mined and separated by eye. Time, frequency (range),

intensity, shape and appearance were used to set syllable

types apart. Each different syllable type was individually

numbered and the number of different syllables counted for

each individual.

In order to reduce variation in syllable differentiation,

only one person (AD) performed the analyses using exactly

the same criteria for all males. A total of 120 s of undis-

turbed song (strophes were pooled until they reached 120 s,

starting with the first undisturbed strophe recorded) from

13 males were analysed in order to obtain a kind of ref-

erence value for song complexity. Song complexity is not

necessarily an indicator of repertoire size, as it may also

depend on the rate at which birds switch between syllable

types, but Bell et al. (2004) found evidence that the number

of new syllables produced within 120 s of male marsh

warbler song is a good proxy for repertoire size.

Our results revealed that an analysis of only 6 s of song

could reliably indicate song complexity (see ‘‘Results’’).

To analyse 120 s of song takes about 2 days (depending on

its complexity). As we had to balance our time in terms of

quantity and quality, we decided to analyse all males

(recordings of 48 males), but for a shorter time sample. Six

seconds would have been enough, but to be on the safe side

we decided to analyse three times as much song, namely

18 s, which requires only 2–4 h to determine syllables (not

including data handling) and provide reliable and signifi-

cant results (see ‘‘Results’’ section). Therefore, depending

on the availability of the other parameters included in the

analyses, we used the number of different syllables found

in 18 s of song (selected at random) as a measure of song

complexity for an upper limit of 41 males. Sample size

for the analyses varies, however, and is usually lower

depending on the availability of the data for the other

parameters involved.

Means ± standard errors are given throughout (unless

otherwise stated).

In order to measure the role of male song complexity in

female choice, we used the time elapsed (days) between the

arrival of males and females at the territory. Furthermore,

we examined the relationship between clutch size and song

complexity in order to examine whether females lay more

eggs in clutches when mated with males that sing more

complex songs. To reduce a seasonal effect, we used

residual clutch size not explained by the rank of start of

egg-laying.

The following features were used to examine the rela-

tionship between song complexity and male quality: (1)

arrival time given as day of arrival (first male is day 1); (2)

ectoparasite load, which is the number of the two most

common blood-sucking mites (Ornithonyssus sylviarum

and Dermanyssus hirundinis) found in the nest (Krištofı́k

et al. 2005); (3) male morphology in terms of wing and tail

length; and (4) body condition, expressed as body weight

not explained by size. In our case, we used the residuals of

the correlation between wing length as the independent

variable and body mass as the dependent variable. Ecto-

parasite intensity was determined for each nest by col-

lecting the nests 1 day after fledging and immediately

putting them into a Tullgren’s funnel for 2 days in order to

extract all of the ectoparasites. We found only two hae-

matophagous mites: Ornithonyssus sylviarum (a total of

more than 100,000 specimens) and Dermanyssus hirundi-

nis (only six specimens). Male effort to feed the chicks was

Fig. 1 An example of a printed

spectrogram of approximately

3 s of a male marsh warbler’s

song showing fifteen syllables,

ten of which are different, as

indicated by different capital

letters
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taken as a determinant of paternal quality. As the absolute

feeding rate is influenced by ecological variables (e.g.

weather conditions), male feeding was determined as the

number of male feeding trips in relation to the total number

of feeding trips per hour. For each nest, four 1 h feeding

protocols were recorded from a hide about 5–7 metres from

the nest when the nestlings were between 4 and 9 days old

(time of linear growth). Protocols were done between 07.00

and 10.00. Each nest was sampled once a day. The hide

was in position one day prior to each observation so that

the feeding birds became used to it. For the analyses, we

used the residual male investment (%) in chick feeding not

explained by nestling number and seasonal differences

(rank of start of egg laying). Data regarding chick feeding

were available for 14 nests in 2002. In order to examine

repeatability, we used repeatability analysis in accordance

with Lessells and Boag (1984).

Multilocus fingerprinting procedures, as defined by

Leisler and Wink (2000), were used to determine paternity.

Parentage analyses were performed for 29 complete fami-

lies from both years, and they revealed that seven chicks

out of five families resulted from extra-pair paternity.

Blood from all of the nestlings in a nest was taken when the

nestlings were 6–8 days old.

Results

There was no significant difference in the arrival date of the

males, clutch size, the number of fledged chicks, male body

mass and song complexity between the two years

(Table 1). For this reason, the data were pooled for further

analyses.

Song analyses revealed an average of 211.2 ± 17.7

(n = 13) different syllables for 120 s of song and demon-

strated that the number of new syllable types a male pro-

duced in that time varied between 114 and 361. Figure 2

shows that even after 120 s of continuous song, there is no

indication of saturation in the curve, which means that the

repertoire size will be much higher. Figure 2 also reveals

that a male which sings a more complex song at the

beginning (producing more new syllables in the first 6 s)

also produces more new syllables during the whole 120 s

of song, and there is a high degree of repeatability in the

number of new syllables when we compare the first and last

6 s intervals (r = 0.68, F11, 24 = 9.2, P \ 0.001). In fact,

an examination of 6 s intervals every 20 s for the 120 s of

song which were analysed for 13 males revealed that the

number of new syllables did not change over that time

period (related-samples Friedman’s ANOVA: v = 1.1,

P [ 0.9, df = 5, 12). In addition, the number of syllables

produced per 6 s (song speed) did not change over the

120 s of song (v = 3.3, P [ 0.6, df = 5). Males sing a

constant proportion of new syllables throughout a bout of

singing. Therefore, the results after 6 s would be sufficient

to represent the structural song complexity of a male.

By examining the songs of 48 males, we found that the

number of new syllables a male produces within 18 s

separated into three time intervals of 6 s each showed a

high degree of repeatability (r = 0.75, F46, 141 = 9.76,

P \ 0.0001), and the number of new syllables did not

change over time (related-samples Friedman’s ANOVA:

v = 1.13, P [ 0.9, df = 2). Furthermore, we found a sig-

nificant correlation between the number of new syllables a

male produces in 18 s and that which the same male pro-

duces in 120 s (r = 0.57, P \ 0.001) for 13 males. An

analysis of 120 s of song takes about 2 days, and for 18 s,

about 2–4 h (see ‘‘Methods’’).

For further analyses, we used the number of new syl-

lables produced within 18 s for all 41 males. We found a

negative correlation between the number of new syllables

and strophe length (r = -0.76, P = 0.028, n = 14).

Song complexity and mate choice

There was a negative correlation between male song

complexity and the time lapse between the arrival of males

and females at the territory after we controlled for male

arrival date (rpart = -0.53, P = 0.004, n = 31), which

indicates that males advertising a more complex song

mated faster (average mating time: 7.1 days ± 2.3;

n = 31). There was a positive correlation between male

song complexity and clutch size (4.7 eggs ±0.3; n = 31)

which was not explained by seasonal variation (rres = 0.62,

P = 0.02, n = 31).

When comparing the song complexity of males in

relation to female extra-pair behaviour, we found no dif-

ference in song complexity between males which suffered

from extra-pair paternity (43.4 syllables ±4.1, n = 7)

and those without extra-pair chicks (41.2 syllables ±3.2,

Table 1 Mean ± SE male arrival rank (arrival of the first male for both years = 1 May = rank 1), clutch size, number of fledglings, male body

mass (g) and number of new syllables/18 s for 2001 and 2002 (t test, P [ 0.5 for all)

Year Male arrival Clutch size Fledged chicks Male body mass (g) Syllables/18 s

2001 18.0 ± 1.1 (39) 4.58 ± 0.1 (45) 3.34 ± 0.3 (45) 12.24 ± 0.1 (39) 36.6 ± 3.4 (27)

2002 18.7 ± 0.9 (22) 4.56 ± 0.2 (39) 3.04 ± 0.3 (39) 12.28 ± 0.1 (19) 37.2 ± 2.1 (14)
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n = 22) (Mann–Whitney U test: z = -0.31, n = 7, 22,

P [ 0.7).

Song complexity and male quality

Using a multiple stepwise regression analysis, we found a

relationship between song complexity and male quality

features in terms of morphology and condition. Song

complexity is significantly explained by wing and tail

length and body condition, expressed as body weight not

explained by size (R2 = 0.38, F = 6.55, P = 0.012,

df = 2, 25). The partial correlation coefficients suggest a

positive relationship between wing length (rpart = 0.52,

P = 0.009), residual body weight (rpart = 0.41, P = 0.047)

and song complexity, but a negative relationship between

tail length and song complexity (rpart = -0.39, P = 0.05).

Male paternal quality in terms of investment in chick

feeding, arrival and ectoparasite load, however, did not

enter into the model.

Discussion

Our results suggest that male marsh warblers sing much

more complex and diverse songs than was originally

assumed (approximately 100, in Catchpole 2000), and our

data regarding the number of new types of syllable are

similar to the findings of Bell et al. (2004). Within 2 min of

song, they found up to 280 different syllables, which was

slightly lower than in our study. The reason for this

divergence could be population differences as well as

differences in syllable determination. Within only two

minutes of song, our males produced up to 361 different

types of syllable (Fig. 2), and the curve continued to

increase in a linear fashion, which indicates that we are far

from the absolute repertoire size of this species. However,

based on their dataset, Bell et al. (2004) estimated that a

male may produce up to 1,150 different syllables. Our

repeatability analyses furthermore revealed that the song

complexity of male marsh warblers is constant throughout

a song strophe. This means that females only have to

examine a song for a short period, for example a few

seconds, and do not have to listen to one or more strophes

(Fig. 2) in order to evaluate the complexity of a male’s

song, and in fact males reduce song complexity immedi-

ately after mating (Fessl and Hoi 2000). Consequently, by

eavesdropping, females may be able to assess male song

complexity without necessarily developing an extremely

large higher vocal centre in their brains that is responsible

for song recognition (Catchpole 2000; Garamszegi and

Møller 2004). A similarly high level of consistency in song

complexity within male song was also found in the

moustached warbler (Fessl and Hoi 2000; for contradictory

results see Osiejuk et al. 2003). Therefore, when examining

the evolution of brain size in relation to song complexity, it

would be necessary to understand the mate choice criteria

of females more precisely. The female mate choice strategy

might influence whether song complexity is represented in

morphological structures in the brain.

Our data demonstrate the role of complexity in female

choice of social partner (Fessl and Hoi 2000). The results

show that male marsh warblers that sing more complex

songs mate faster, and that females mated to such

males produce bigger clutches. A potential role of song

Fig. 2 Cumulative plot of new

types of syllable for 2 min song

recordings of 13 individual

males: the x-axis represents the

time and the y-axis the number

of different types of syllable (for

this analysis, 6 s intervals were

used)
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complexity in female choice has been found in other tax-

onomic groups (Eens et al. 1991; Lampe and Saetre 1995;

Mountjoy and Lemon 1996; Eens 1997; Balsby 2000;

Gentner and Hulse 2000) and in other related Acrocephalus

warbler species like the sedge warbler, the great reed

warbler (Catchpole 1987, 2000; Buchanan and Catchpole

2000a) and the aquatic warbler (Catchpole and Leisler

1996). All three species, however, have small syllable

repertoires in comparison with the marsh warbler. There

does not seem to be a similar relationship, however, for the

moustached warbler (Fessl and Hoi 2000, 2001). Our

results revealed that female marsh warblers paired with

males which sing more complex songs produced bigger

clutches, which is in line with the differential allocation

hypothesis. This hypothesis predicts that females should

invest more in their offspring when mated to a more

attractive male (Burley 1988). As shown by Hasselquist

et al. (1996), repertoire size is not only important when

choosing a social partner, but can also play a role in the

selection of extra-pair copulation partners. In great reed

warblers, for example, females seem to select their extra-

pair copulation partners according to song complexity

(Hasselquist et al. 1996). However, the opposite seems to

be the case with sedge warblers. Marshall et al. (2007)

found that extra-pair males actually had smaller song rep-

ertoires. In our study on marsh warblers, we did not find

differences in the song complexity of males with extra-pair

chicks and males with faithful females. In order to test the

importance of song complexity in extra-pair mating,

however, it would be necessary to identify the extra-pair

males and compare their song complexity with that of the

social mates (Hasselquist et al. 1996; Marshall et al. 2007).

The relationship between song complexity and mate

choice leads one to question whether or not song com-

plexity reflects any specific feature of male quality. We

have evidence that male parental care is reflected in the

song of male marsh warblers (Ille and Hoi 2001 and the

unpublished results of this study). In this previous paper,

we showed that the song output of males during mating

positively correlates with their later investment in chick

feeding. Our recent data did not, however, support a rela-

tionship between the song complexity of unmated males

and their later contribution to feeding. This result is not

surprising, given the negative relationship between strophe

length and song complexity (see ‘‘Results’’), which may

suggest a trade-off between these two parameters. In con-

trast, that song complexity functions as an indicator of

parental quality has been shown for the closely related

sedge warbler (Buchanan and Catchpole 2000a).

Regarding the intrinsic quality of males, we found no

relationship between the arrival of males at the territory,

which is generally thought to be an indicator of male

quality (Kokko 1999; Forstmeier 2002; Kipper et al. 2006),

and song complexity (Catchpole 1982). Furthermore,

ectoparasite infestation did not vary in relation to song

complexity. We did, however, find a relationship between

song complexity and male morphology and condition.

Males which sang more complex songs were bigger and in

better condition but had shorter tail feathers. This is also in

line with the developmental hypothesis, which predicts that

song repertoire size reflects the individual quality of the

singer (Naguib and Nemitz 2007; Zann and Cash 2008; for

contradictory results, see Holveck et al. 2008). Being

bigger and having a shorter tail is not necessarily contra-

dictory. There is some indication that in passerines, older

individuals may have shorter wings (Alatalo et al. 1984),

and there is also evidence for a negative relationship

between tail length and migratory distance (Leisler and

Winkler 2003; Winkler and Leisler 2005). It seems likely

that migratory distance reflects individual quality, in that

individuals in better condition may be able to fly longer

distances in search of better wintering sites. This might

also explain why we did not find any relationship between

song complexity and male arrival date. Unfortunately, we

have no direct age determinant for our birds, but it is

possible that in marsh warblers, male morphology is an

indicator of intrinsic quality and age, and that this is

reflected in song complexity. This expectation should be

especially important for open-ended learners like Acro-

cephalus warblers, and this assumption is in fact supported

by another study (Hasselquist et al. 1996) in that repertoire

size in great reed warblers is age dependent. In conclusion,

we have shown that song complexity does not function as a

signal of future paternal investment in marsh warblers, but

it may indicate a relationship between the quality of the

singer and the singer’s current body condition or age, as

reflected by wing length. If song production and song

complexity really reflect different aspects of male quality,

and there is a negative correlation between them, one might

expect a male to be either a good parent or a genetically

superior father. It might be interesting to examine how

females achieve a trade-off between these two parameters

using song production and song complexity as corre-

sponding cues for choosing a mate.
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