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Song repertoire size predicts initial mating success in male

song sparrows, Melospiza melodia
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Male song sparrows sing repertoires of 4–13 distinct song types and have proved a valuable model for
testing hypotheses concerning the function and evolution of song complexity. Captive female song
sparrows solicit more copulations in response to playback of larger repertoires, yet it remains unclear
whether male repertoire size influences female mate choice in natural situations. We used long-term data
from free-living song sparrows inhabiting Mandarte Island, British Columbia, Canada, to investigate
whether male song repertoire size predicted three components of reproductive performance during the
first year: territory acquisition, mating success and laying date. Across males whose song was recorded,
males with larger repertoires were not more likely to acquire a territory, to acquire a larger territory or to
settle sooner. However, after we controlled for territory size and between-year variation in the population
sex ratio, first-year males with larger repertoires were more likely to mate. This was because they were more
likely to pair with newly settled females, not because they were more likely to acquire territories where
older females were already resident. After we controlled for territory size and between-year variation in
breeding date, newly settled females laid earlier when mated with males with larger repertoires. Together
with the results of previous mate choice experiments, these patterns are consistent with the hypothesis
that male song repertoire size is a sexually selected trait that influences female mate choice in song
sparrows.
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One explanation for the evolution of exag-
gerated, ornamental male traits is that ornamentation
enhances an individual’s mating success and thus fitness
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(Andersson 1994; Kokko et al. 2003). Ornamentation
could increase a male’s mating success by improving his
performance during intrasexual competition for females
or breeding territories (Krebs et al. 1978; Andersson
1994). Alternatively, females may use male ornaments
as a cue for optimal mate choice in terms of maximizing
direct or indirect fitness benefits (Andersson 1994;
Kokko et al. 2003). However, the extents to which
females choose mates based on ornamentation, and to
which female preferences may drive ornament evolu-
tion, remain controversial (Andersson 1994; Kokko et al.
2003). Evidence for intersexual selection requires evi-
dence that male mating success increases with orna-
mentation in natural populations, and that this to some
extent reflects female choice for more ornamented
males.
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Simply observing a correlation between ornamentation
and a male’s success in attracting females does not prove
that the focal trait, rather than some unmeasured corre-
lated trait, functions in female choice. Instead, choice is
most rigorously demonstrated by observing female pref-
erence for an experimentally enhanced trait, while other
conditions are held constant (e.g. Andersson 1982; Møller
1988; Hill 1991). However, ornaments and mating prefer-
ences are often difficult to manipulate and measure in
free-living individuals. The necessary mate choice experi-
ments are therefore often carried out using captive
individuals under controlled conditions (Searcy & Marler
1981; Andersson 1994; Godin & Dugatkin 1996). In such
cases, detailed correlative studies of mating patterns in
natural populations can provide valuable corroborating
evidence that cues identified under controlled experimen-
tal conditions also significantly influence mate choice in
free-living individuals (Searcy 1992; Benton & Evans
1998). The clearest evidence of female choice for exagger-
ated ornaments is therefore gathered by combining
experimental and observational approaches (Searcy &
Yasukawa 1996).
In songbirds, song repertoire size is a classical example of

an ornamental male trait that has been suggested to
function in both male–male competition and female
choice and therefore to be sexually selected (Searcy 1992;
Catchpole & Slater 1995; Searcy & Yasukawa 1996).
Playback experiments suggest that large repertoires may
facilitate territorial defence, thus enhancing a male’s re-
productive opportunity (Krebs et al. 1978; Yasukawa 1981
although Beecher et al. 2000 suggested that defence also
depends on song sharing). Laboratory experiments show
that females of several species perform more copulation
solicitation displays, a measure of mating preference, in
response to playback of larger repertoires (Searcy & Marler
1981; Searcy 1992; Searcy & Yasukawa 1996; see also
Lampe & Sætre 1995). However, it is less clear whether
male repertoire size influences female mate choice in na-
tural populations. Song repertoires are difficult to manip-
ulate in free-livingmales, so evidence has been gathered by
correlating a male’s repertoire size with aspects of his life
history, such as mating success and pairing date, which are
interpreted to reflect female choice (Catchpole 1987;
Searcy & Yasukawa 1996; Buchanan & Catchpole 1997).
Although male sedge warblers, Acrocephalus schoenobaenus,
and starlings, Sturnus vulgaris, with larger repertoires paired
earlier (Catchpole 1980; Mountjoy & Lemon 1996;
Buchanan & Catchpole 1997), studies on other species
showed no such relationship, or that patterns varied
between years (e.g. McGregor et al. 1981; Searcy 1984,
1992; Gil & Slater 2000). In other cases, initial correlations
between repertoire size and indexes of female choice
disappeared when confounding variables, such as male
age, territory quality or spring arrival date, were statis-
tically controlled (e.g. Yasukawa et al. 1980; Catchpole
1986; Searcy 1992; Hasselquist 1998). Repertoire size has
consequently been suggested to function primarily as a cue
in extrapair rather than social mate choice in natural
populations (Searcy 1992; Hasselquist et al. 1996).
Male song sparrows sing complex songs consisting of

4–13 distinct song types, performed with eventual variety
as a series of song bouts (e.g. AAA.BBB.CCC.AAA.
DDD.., Searcy & Marler 1981; Cassidy 1993; Beecher
et al. 2000). Although individuals can sing minor varia-
tions within each song type, song sparrows regard types as
natural categories that transcend these variations, and
respond more strongly to different types than to varia-
tions (Stoddard et al. 1988; Horning et al. 1993; Searcy
et al. 1995, 1999). The number of discrete song types is
therefore a biologically relevant measure of song com-
plexity in this species. Song sparrows have consequently
proved a valuable model species in which to investigate
the function and evolution of repertoire size and
other song components (e.g. Beecher et al. 1994, 2000;
O’Loghlen & Beecher 1997; Hughes et al. 1998; Nowicki
et al. 2002). Song sparrows provided the original experi-
mental evidence that females display more in response to
playback of larger song repertoires (Searcy & Marler 1981;
Searcy 1984; Catchpole 1987). However, there is scant
evidence that female song sparrows preferentially mate
with males with large repertoires in the wild. In the well-
studied song sparrow population on Mandarte Island,
British Columbia, Canada, Hiebert et al. (1989) found
that males with larger repertoires acquired territories
earlier, held them longer and reared more offspring to
independence. The relation between repertoire size and
mating success was not explicitly measured. Studies on
other song sparrow populations showed no correlation
between repertoire size and male phenotype or territory
tenure (Searcy et al. 1985; Beecher et al. 2000), and males
with larger repertoires did not pair earlier or obtain
replacement females sooner after their original mate was
experimentally removed (Searcy 1984). Relations between
song repertoire size and mating success therefore merit
further investigation in this model species (Catchpole
1987).

Using a long-term data set from the island of Mandarte
(greatly expanded since Hiebert et al. 1989), we investi-
gated whether male song sparrows with larger song
repertoires were more likely to acquire territories, to mate
or to breed earlier during their first year. A crucial stage in
correlative analyses is to control for potentially confound-
ing covariates (Buchanan & Catchpole 1997). Song spar-
row pairs frequently remain together over successive
years, so we focused on performance by age 1 (first year)
to ensure that observed mating patterns were not con-
founded by male age or reproductive history. We also
statistically controlled for territory size, female age and
reproductive history, and for between-year variation in
reproductive performance and population structure.

METHODS

Study Population

Mandarte lies 25 km north of Victoria, British Colum-
bia, Canada. The rocky island covers 6 ha and holds
a continuous band of low deciduous scrub surrounded
by meadow. The resident song sparrow population has
been intensively studied since 1975 (Smith, in press).
During this time, almost all nests have been located and
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all sparrows hatched on the island have been marked with
unique combinations of metal and coloured plastic rings.
Colour-ringed sparrows are easily observed across the
whole island, allowing each individual’s reproductive
activities to be documented accurately with minimal
disturbance (Smith, in press).

Territoriality and Mating

Song sparrows can breed from age 1 (Arcese et al. 2002;
Smith & Marr, in press). On Mandarte, where song
sparrows are resident and primarily monogamous, males
defend scrub territories where females feed and nest.
Territories and pairs are typically established during winter
and early spring, and breeding occurs from April to August
(Arcese 1989; Smith & Marr, in press). Surviving pairs
typically remain together over consecutive years. A female
that outlives her mate either remains on the same territory
or moves to a new one. Newly settling males can establish
new territories or take over existing ones, which may or
may not hold a previously resident female (Arcese 1989).
Newly settling females have been observed to visit
multiple males or territories before settling (P. Arcese &
J. M. Reid, personal observation). New pairings may
therefore reflect female choice between territorial males
or arise as a de facto consequence of male acquisition of
a territory where a female is already resident (Arcese 1989).
The population sex ratio on Mandarte is usually male
biased, so some territorial males remain unmated (Arcese
1989; Smith & Marr, in press). Furthermore, some males
fail to establish territories and remain in the population as
nonterritorial floaters (Arcese 1987, 1989). The presence of
unmated males has been interpreted to imply strong
sexual selection (Jennions et al. 2001). Although the basic
social structure of the population is set when breeding
begins in April, some partial or complete territory take-
overs occur through the breeding season (Arcese 1987,
1989).
Each April during the study, the identities of the

sparrows remaining on Mandarte were recorded and
the population sex ratio (males/females) was calculated.
The territorial and mating status of each surviving male
was noted (Arcese 1987, 1989). We used these data to test
whether males with larger song repertoires were more
likely to acquire a territory or mate during their first year.
In migratory populations where all males eventually mate
or unmated males cannot be easily observed, indirect
indexes of male quality and female choice, such as spring
arrival, settlement and pairing dates, are commonly used
(e.g. Møller 1988; Buchanan & Catchpole 1997; Gil &
Slater 2000). These indexes are not relevant or cannot be
easily measured in resident populations such as Man-
darte’s song sparrows. However, we used the date on
which breeding began in a male’s first year as an
additional indicator of his mating success; breeding date
may reflect pairing date and individual quality (Wiktander
et al. 2001; Daunt et al. 2003). For each pair, laying date
(the date on which the first egg was laid) was recorded
directly if nests were found before clutch completion, or
back-calculated from hatch date or chick age for nests
found subsequently. Additional winter fieldwork during
1982–1987 (Arcese 1989; Hiebert et al. 1989) and 2002–
2003 permitted recording of the month in which territo-
ries were acquired (settlement age) for some males. The
territory size (area of scrub, m2) defended by each male in
April each year was estimated from detailed observations
of song perches and interactions between neighbouring
males (Arcese 1989).

Song Repertoire Size

Territorial male song sparrows sing throughout the
breeding season, although song rates peak during pair
formation and incubation, and unmated territorial males
sing more than mated males (Arcese et al. 2002). Non-
territorial floaters typically remain silent (Arcese 1989).
Song sparrows are ‘age-limited’ learners; a male’s song
repertoire is crystallized during his first winter and does
not change subsequently (Searcy et al. 1985; Cassidy 1993;
Nordby et al. 2002).
Repertoire sizes of 16 male song sparrows were recorded

on Mandarte Island in 1984 (Hiebert et al. 1989). Two
additional males were recorded in 1985, using identical
protocols and equipment. We recorded repertoire sizes of
a further 36 males during 1988–1993 (Cassidy 1993) and
22 males during 2003. Seventy-six males were therefore
recorded in total, representing 20 cohorts (hatched 1980–
1992 and 1996–2002). Songs were recorded using a
WM-6DC Sony Professional Walkman and Sennheiser
ME80 microphone (1988–1993) or an Optimus CTR-117
recorder and Sennheiser ME67 microphone (2003). Songs
were digitized and visualized using a Multigon Uniscan II
real-time analyser (songs recorded during 1988–1992;
Cassidy 1993) or the Syrinx sound analysis program
(songs recorded in 1993 and 2003; J. Burt, www.syrinxpc.-
com). Sonagrams were visually grouped into song types to
enable counting of the total number of types (repertoire
size). Different song types were typically clearly distin-
guishable. In the few cases where the distinction between
type and variation was not clear, we defined types based
on the similarity of the first few syllables. Early syllables
are more consistent than later syllables within song
sparrow song types (Beecher et al. 2000). Categorizations
were consistent across different observers (Hiebert et al.
1989; Cassidy 1993). Recommended criteria for docu-
menting a song sparrow’s complete repertoire have been
refined over time. Hiebert et al. (1989) assumed that 3 h of
continuous recording was sufficient, and in practice
observed no new song types after 1.5 h. During 1988–
1993 and 2003, we estimated repertoire sizes by typing
a minimum of 210 continuously recorded songs for each
male; plots of recording effort against cumulative song
types show that 210 songs is sufficient to estimate
repertoire size with 95% confidence on Mandarte (Cassidy
1993). In most cases, the number of songs analysed
hugely exceeded this threshold (median 347, maximum
2558; 225 songs is sufficient to estimate repertoire size
with 99% confidence; Cassidy 1993). More recent studies
have estimated repertoire size by analysing a minimum of
approximately 17 song bouts (Beecher et al. 2000; bouts
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typically comprise 5–20 songs). In 1993 and 2003, we
therefore imposed an additional minimum criterion of 20
bouts, exceeding the suggested quantity. Each individual’s
repertoire size was measured with no knowledge of its life
history parameters.

Analysis

We used logistic and linear regression to investigate
whether a male’s song repertoire size predicted his terri-
tory acquisition, mating success or laying date. We
distinguished between males that acquired territories
where older females were already resident and males that
mated with newly settling females, which is more likely to
reflect female choice. We included potentially confound-
ing covariates, such as territory size and female age, where
relevant. Territory location and fine-scale habitat attrib-
utes do not repeatably predict territory occupancy pat-
terns or breeding success on Mandarte, suggesting that
habitat quality does not vary markedly across the island
(Hochachka, in press; P. Arcese, unpublished data). We
therefore did not consider these variables further. Varia-
bles were eliminated from regression models if P O 0.10.
We present the test statistic and probability associated
with each retained variable. For eliminated variables, we
present statistics associated with their reintroduction to
the final model.
The males whose song repertoires were recorded were

hatched during 1980–1992 and 1996–2002. Parameters
such as mean territory size, population sex ratio and
laying date have varied markedly on Mandarte over this
time (Arcese et al. 1992; Smith et al., in press). When
relating a male’s performance to his song repertoire size,
we corrected for this temporal variation by including the
year-specific, population-wide, mean performance as a co-
variate. For example, we examined whether a first-year
male’s repertoire size predicted his mate’s laying date
while controlling for mean laying date in the relevant
year. In our case, this approach was more robust than
simply modelling ‘year’ as a random factor, because it
incorporated data from the whole population rather than
solely the few males from each cohort whose song was
recorded. An alternative approach is to subtract the
population mean life history performance from each
observation and divide by the population-wide standard
deviation, then use the resulting ‘z scores’ in regression
analyses. However, the variance in life history parameters
did not differ markedly between the years that we studied.
The covariate and z score approaches therefore gave
qualitatively identical results. For simplicity, we present
the results of only the covariate approach. Although the
extent to which life history parameters vary with song
repertoire size cannot be measured accurately without
correcting for year effects, the absolute magnitude of
variation is difficult to discern from year-standardized
scores. We therefore also present unstandardized mating
success data. To allow direct comparison of the observed
effect size with previous studies, we calculated the overall
Pearson correlation coefficient for the relation between
song repertoire size and mating success (Gontard-Danek &
Møller 1999). All tests were two tailed, and means are
presented G SD. Analyses were carried out in SPSS v.10.0
(SPSS 1999).

RESULTS

Song Repertoire Size

Across the 76 recorded males, repertoire size averaged
8.0 G 1.6 song types (range 4–12, coefficient of variation
20.7) and did not differ between cohorts (ANOVA:
F19,56 Z 1.0, PZ 0.44). Across the 58 males recorded
during 1988–2003, estimated repertoire size did not in-
crease with the number of songs analysed (Spearman rank
correlation: rS Z �0.11, NZ 58, PZ 0.41). This result
suggests that sampling effort was sufficient to record each
male’s full repertoire. Males were recorded at 1–7 years of
age. Repertoire size did not vary with male age at
recording (rS Z 0.13, N Z 76, PZ 0.28).

Territory Acquisition

Of the 76 recorded males, 61 acquired a territory by
their first April and 72 did so at some stage during their
first summer. The probability that a male would acquire
a territory at either stage did not vary significantly between
cohorts (logistic regression: first April: c19

2 Z 24.6,
P Z 0.17; first summer: c19

2 Z 22.8, P Z 0.24) and was
not predicted by male song repertoire size (first April:
c1
2 Z 0.83, P Z 0.36; first summer: c1

2 Z 0.38, PZ 0.54).
Across the 61 males that held a territory in their first April,
territory size was not correlated with a male’s repertoire
size after accounting for between-year variation in mean
territory size (Fig. 1). Across 28 first-year males whose
settlement date was known, males with larger repertoires
did not acquire territories earlier (Fig. 1).

Mating Success

Of the 61 males that acquired territories by their first
April, 42 mated and bred at this time. The probability that
a territorial male would mate in his first April was lower in
years when the population sex ratio was more skewed
(when more males remained unmated), and increased
with the male’s repertoire size and year-standardized
territory size: males with larger repertoires and larger
territories were more likely to mate (Fig. 2). Furthermore,
the probabilities that a male would mate after acquiring
a territory at any point during his first summer, and that
he would simply mate during his first summer, increased
with repertoire size after controlling for between-year
variation in sex ratio (logistic regressions: probability
of mating given territory acquisition: NZ 72, logistic
regression: sex ratio: c1

2 Z 7.2, PZ 0.007; repertoire
size: c1

2 Z 4.2, PZ 0.041; overall probability of mating:
N Z 76, sex ratio: c1

2 Z 5.6, PZ 0.018, repertoire size:
c1
2 Z 4.6, P Z 0.032). Territory size was not included in

the latter analyses because territories established after
April were not always measured. Settlement age was
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known for 22 males that acquired territories by their first
April. Across this relatively small subsample, the tendency
for males with larger repertoires to be more likely to mate
was not significant (logistic regression: NZ 22, c1

2 Z 2.1,
PZ 0.15). However, across these individuals, there was no
indication that mating success was instead predicted by
a male’s settlement age (c1

2 Z 0.6, PZ 0.44).
In Mandarte’s resident song sparrow population, it is not

always clear which sex occupied a territory first and so how
pairs formed. First-year males with large repertoires may be
more likely to mate because females preferentially settle
with them, or because they are more likely to acquire
territories where older females are already resident possibly
reflecting male–male competition more than female
choice. Nine (15%) of the 61 males that were territorial
by their first April acquired territories with long-term
resident females (that had bred on that territory the
previous year). The probability that a male would acquire
a territory with a resident female rather than an un-
occupied territory did not increase with his song repertoire
size (logistic regression: NZ 61, c1

2 Z 0.1, PZ 0.80). Of
the 52 males that acquired unoccupied territories, 33
mated with a newly settled female (females that were
themselves aged 1, or hadmoved from a different territory)
and 19 remained unmated. Across these 52 males, the
probability that a male would mate with a newly settled
female increased with his repertoire size and territory
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Figure 1. Relations between a male song sparrow’s song repertoire
size and (a) the year-standardized size of the territory defended

during the male’s first April (Pearson correlation: r59 Z 0.09,

P Z 0.51) and (b) the male’s age at territory acquisition

r26 Z �0.22, P Z 0.26.
size after controlling for between-year variation in the
population sex ratio (logistic regression: NZ 52, sex ratio:
c1
2 Z 6.7, PZ 0.010; repertoire size: c1

2 Z 6.0, PZ 0.015;
year-standardized territory size: c1

2 Z 5.0, PZ 0.025). The
unstandardized proportions of males with repertoire sizes
that were small (six songs or less), median (eight songs) or
large (10 or more songs) that mated during their first year
differed considerably: approximately 90% of males with
large repertoires mated, but only half of males with small
repertoires did so (Table 1).

Laying Date

Laying date was known for 41 of the 42 males that bred
during their first April. Across these males, laying date was
negatively correlated with male song repertoire size after
controlling for between-year variation in the timing of
breeding; females mated to males with larger repertoires
laid earlier (Fig. 3). Laying date did not vary significantly
with standardized territory size or female age across these

–3

–4

–2

–1

0

1

2

–3

–3
–4

–2

–1

0

1

2

3

4

R
es

id
u

al
 p

ro
ba

bi
li

ty
 o

f 
m

at
in

g 
in

 A
p

ri
l

4 5 6 7 8 9 10 11 12

Male song repertoire size

–2 –1 0 1 2

Year-standardized territory size

(a)

(b)

Figure 2. Relations between (a) a territorial male song sparrow’s

song repertoire size and his residual probability of mating during his
first April after controlling for year-standardized territory size and

population sex ratio and (b) a male’s year-standardized territory size

and his residual probability of mating during his first April after

controlling for repertoire size and population sex ratio. Open
symbols show males that mated with long-term resident females.

(logistic regression: N Z 61; sex ratio: c1
2 Z 4.4, P Z 0.035;

repertoire size: c1
2 Z 5.2; PZ 0.023; year-standardized territory

size: c1
2 Z 9.8, PZ 0.002.) Odds ratios for repertoire size and

territory size were 1.7 and 2.8, respectively.
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Table 1. The proportion of male song sparrows with small (%6 song types), median (8 song types) and large (R10
song types) repertoire sizes that mated

Repertoire size

rSmall (%6) Median (8) Large (R10)

Mated by first April
0.50 0.59 0.91 0.34 (0.38)
(NZ12) (NZ17) (NZ11)

Mated during first year
0.53 0.68 0.86 0.37 (0.38)
(NZ15) (NZ19) (NZ14)

Proportion of males that mated by their first April, given that they had acquired a territory, and at any time during
their first year. The categories indicate mating success at median and extreme repertoire sizes. The effect size (r) is
the Pearson correlation coefficient for the relation between song repertoire size and standardized mating success for
all males and, in parentheses, excluding males that mated with long-term resident females.
individuals (Fig. 3). The time of territory acquisition was
recorded only for 16 males that bred during their first
April. Across these males, laying date tended to decline
with repertoire size (NZ 16, ANOVA: year mean lay
date: F1,13 Z 6.6, PZ 0.024; repertoire size: F1,13 Z 4.1,
PZ 0.065) but did not vary with a male’s settlement date
(F1,12 Z 0.01, PZ 0.91).
The negative correlation between repertoire size and

laying date remained significant across 32 males (whose
laying date was known) that bred after acquiring a territory
with no long-term resident female; newly settled females
laid earlier when mated with males with large repertoires
(NZ 32, ANOVA: year mean lay date: F1,29 Z 20.0,
P! 0.001; repertoire size: F1,29 Z 5.8, PZ 0.023). Laying
date did not vary with territory size or female age
(standardized territory size: F1,28 Z 0.2, PZ 0.63; female
age: F1,28 Z 0.1, P Z 0.77). However, across the nine first-
year males that mated with long-term resident females,
laying date varied with female age but not with the male’s
repertoire size, although statistical power to detect an
effect was low; older resident females laid earlier (NZ 9,
female age: F1,7 Z 28.7, P Z 0.001; year mean lay date:
F1,6 Z 0.01, P Z 0.92; repertoire size: F1,6 Z 3.9, P Z 0.10;
standardized territory size: F1,6 Z 0.9, P Z 0.39). Males
that mated and bred later during their first summer, for
example, with females that switched males after their first
breeding attempt, were not considered in these analyses,
because laying dates in these cases depended primarily on
the outcome of the female’s first attempt.

DISCUSSION

To understand the evolution of ornamental male traits, we
require knowledge of the extent to which male mating
success varies with ornamentation in natural populations,
and whether this variation reflects intrasexual competi-
tion or female mate choice (Andersson 1994; Kokko et al.
2003). Although song complexity in songbirds is com-
monly cited as a classical example of a sexually selected
trait, studies on free-living populations have inconsis-
tently supported the basic prediction that a male’s mating
success should increase with his song repertoire size
(Searcy 1984, 1992; Gil & Slater 2000; although see
Catchpole 1986; Hasselquist et al. 1996; Mountjoy &
Lemon 1996; Buchanan & Catchpole 1997).

Across the song sparrows that we recorded, males with
larger repertoires were not more likely to acquire a territory
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Figure 3. Relations between (a) a first-year male song sparrow’s song
repertoire size and female laying date after controlling for between-

year variation in the timing of breeding and (b) a first-year male’s

year-standardized territory size and female laying date after

controlling for repertoire size and between-year variation in the
timing of breeding. Open symbols show males that mated with

long-term resident females. (N Z 41, year mean lay date:

F1,38 Z 22.2, P! 0.001; repertoire size: F1,38 Z 6.4, P Z 0.016;

territory size: F1,37 Z 0.8, PZ 0.37; age: F1,36 Z 2.6, PZ 0.12;
age2: F1,36 Z 2.5, PZ 0.13.) The effect size for the relation with

repertoire size was �2.3.
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by their first April or at any point during their first year.
Furthermore, territorial males with larger repertoires did
not hold larger territories or acquire them earlier (see also
Searcy 1984; Hiebert et al. 1989). We therefore found no
evidence that repertoire size facilitates competition for
territories in song sparrows. However, nonterritorial song
sparrows rarely sing (Arcese 1989; Arcese et al. 2002), so
we characterized repertoires only of males that acquired
territories on Mandarte at some stage during their lives.
Therefore, although we documented a wide range of
repertoire sizes, we cannot exclude the possibility that,
across all Mandarte-born males, individuals with larger
repertoires were more likely to become territorial. Previous
studies have suggested that large song repertoires facilitate
territorial defence in birds (Krebs et al. 1978; Yasukawa
1981; Catchpole & Slater 1995), although the number of
songs that a male shares with his neighbours (which may
be correlated with total repertoire size) may affect defence
more than repertoire size per se (Beecher et al. 1994,
2000). The relation between repertoire size and territorial
defence, rather than acquisition, requires further investi-
gation on Mandarte.
Across all song sparrows that we recorded, and across

just those that acquired territories, males with larger
repertoires were more likely to mate during their first year.
Furthermore, females mated with males with larger reper-
toires bred earlier. We specifically studied first-year males,
so these results cannot be confounded by male age or
reproductive history, and they remained significant after
controlling for territory size, female age and between-year
variation in population sex ratio and laying date. Al-
though the time of territory acquisition was known for
few males, there was no indication that relations between
repertoire size, mating success and laying date were
confounded by settlement age. Thus, on Mandarte Island,
first-year males with larger song repertoires achieved
greater mating success and bred earlier.
Variation in mating success and breeding date are often

interpreted to reflect female choice between males (Searcy
1992; Buchanan & Catchpole 1997; Gil & Slater 2000).
Given the complex process of pair formation within the
resident Mandarte population, it is difficult to conclude
with certainty that mating success increased because
females preferentially settled with males with large reper-
toires. However, first-year males with large repertoires
were more likely to mate because they were more success-
ful in pairing with newly settled females, not because they
were more likely to acquire territories where older females
were already resident. Furthermore, although laying dates
of established females varied with the female’s age (as is
generally true in song sparrows, Smith & Marr, in press),
newly settled females bred earlier when mated with males
with larger repertoires. Laying date did not vary with
territory size and territory size was not correlated with
repertoire size, so there is no evidence that females that
paired with males with larger repertoires laid earlier
because they had access to more resources after settling.
These females may therefore have settled earlier or have
been in better condition when they did so; either
possibility is consistent with models of preferential settle-
ment with males with large song repertoires (Benton &
Evans 1998). Correlative studies cannot conclusively
prove that a specific male trait is subject to female choice,
since it is difficult to exclude the possibility that choice in
fact focuses on some correlated cue. However, together
with experimental evidence that captive female song
sparrows solicit more copulations in response to larger
repertoires (Searcy & Marler 1981; Searcy 1984), our field
data support the hypothesis that free-living female song
sparrows preferentially mate with males with large song
repertoires.
Studies of two other natural song sparrow populations

did not detect correlations between a male’s song reper-
toire size and any aspect of his mating success or sub-
sequent reproductive performance (Searcy 1984; Searcy
et al. 1985; Beecher et al. 2000). This difference may arise
because the long-term Mandarte data set is particularly
conducive to detecting such relationships, because poten-
tially confounding variables, such as a breeder’s age and
reproductive history, and broader aspects of population
structure, such as density and sex ratio, can be quantified
and statistically controlled. Furthermore, for mate prefer-
ences to be clearly expressed, females must sample
a representative cross section of the male population
(Benton & Evans 1998). Although female sampling be-
haviour has not been rigorously quantified on Mandarte,
the small size of the island and the high population
density may allow females to sample multiple males. The
power of our correlative analyses to detect female prefer-
ences may therefore be relatively high (Benton & Evans
1998). Alternatively, patterns of mate choice may differ
between song sparrows on Mandarte and other song
sparrow populations. Where females gain direct benefits
from mate choice, choice may focus primarily on aspects
of resource availability, such as territory quality, rather
than on male quality per se. A male’s song complexity
may have less bearing on mate choice where resource
availability varies greatly between males (McGregor et al.
1981; Searcy 1992; Forstmeier et al. 2002). On Mandarte,
survival and reproduction vary with an individual’s in-
breeding level (Keller 1998) and current environmental
conditions (Arcese et al. 1992; Wilson & Arcese 2003), but
no clear fitness consequences of territory location or
structure have been detected (Hochachka, in press;
P. Arcese, unpublished data). Territory quality may there-
fore vary relatively little within Mandarte’s relatively
uniform habitat. Female preferences for male character-
istics such as song repertoire size may consequently be
particularly evident.
The magnitude of the relation between trait expression

and mating success can indicate the strength of sexual
selection and thus the possibility for evolution of exag-
gerated ornamental traits (Gontard-Danek & Møller 1999;
Jennions et al. 2001). In song sparrows, the effect size for
the relation between male repertoire size and mating
success was 0.38 (Table 1). This effect size exceeds the
average of 0.26–0.29 across observational studies relating
mating success to (morphological) ornamentation in birds
(Gontard-Danek & Møller 1999). Some individual studies,
however, reported effects exceeding 0.7 (Gontard-Danek
& Møller 1999). Although effect sizes are often calculated
from short-term studies, apparent patterns of sexual
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selection can vary between years (Buchanan & Catchpole
1997; Gil & Slater 2000). Our results from multiple years
suggest that song sparrows on Mandarte, on average,
experience reasonably strong sexual selection for large
repertoire size. In addition to the possibility that mating
preferences may be easier to detect within relatively dense
populations (Benton & Evans 1998), this may be because
the Mandarte population is generally male biased. Male
mating success is consequently skewed (Jennions et al.
2001; Hochachka, in press). The possible benefits that
females gain from mate choice based on repertoire size,
and the extent to which increased early mating success
ultimately enhances male fitness, will be the subject of
future investigation in this population.
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