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Elaborate male traits are typically used to attract mates and to compete with other males for mating
opportunities. However, similarly ornate secondary sexual characteristics are also found in females in
many species and may be used in competition in both sexual and nonsexual contexts. Trait elaboration in
females may be particularly important in cooperatively breeding species where reproduction is
monopolized by a few individuals in a group and where both sexes must compete for these limited
mating opportunities. Previous work in African starlings has shown that females in cooperatively
breeding species are larger and more ornamented than those in noncooperative species, resulting in
reduced plumage and size dimorphism. To further examine patterns of sexual dimorphism in signalling
traits and to better understand their role in mediating social competition, we investigated the form and
function of song in cooperatively breeding superb starlings, Lamprotornis superbus. In addition to com-
paring song between sexes, we contrasted song in dominant breeders and subordinate helpers of both
sexes and examined its use in various social contexts. We found that song was indistinguishable between
males and females, with both sexes showing similar complexity, pitch, versatility and structure. However,
the song of breeders was more versatile than that of helpers. Moreover, song structure differed when
birds sang in chorus fromwhen they sang alone. These findings suggest that, like male song, female song
may be used in social competition, and that song may be an important signal in both sexes in species
where intrasexual competition is high in males and females.
� 2013 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
In most animals, males tend to have more elaborate traits than
females (Andersson 1994). Darwin (1859) was the first to note that
these elaborate traits (e.g. ornaments and armaments) were typi-
cally used in competition and mate attraction. He coined the term
‘sexual selection’ to describe the process that could lead to the
evolution of such complexmale traits. However, elaborate traits are
not just limited to males, as females in many species also produce
ornaments and armaments (Amundsen 2000; Rubenstein 2012a;
Tobias et al. 2012). Moreover, elaborate animal traits used in com-
petitive interactions can be used in both sexual contexts, as Darwin
pointed out, as well as in nonsexual contexts (Crook 1972; West-
Eberhard 1975, 1983; Lyon & Montgomerie 2012; Tobias et al.
2012). Evidence from a variety of taxa suggests that females may
use these social signals primarily in competition for ecological re-
sources, rather than just in competition for mates (West-Eberhard
1975, 1983; Tobias et al. 2012).
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Most of what we know about trait evolution in animals comes
from considering traditional polygamous or monogamous mat-
ing systems (Drea 2005). In such systems, one sex typically
competes more intensively for access to mates or resources than
the other, resulting in trait elaboration in the more competitive
sex (Clutton-Brock & Parker 1992). However, when competition
for mates or resources is intense in both sexes, males and fe-
males are each expected to evolve elaborate traits (West-
Eberhard 1983; Clutton-Brock 2007). In cooperatively breeding
social systems, where reproductive skew is high in both sexes
and few individuals of each sex monopolize reproduction
(Hauber & Lacey 2005), traits used in intrasexual competition are
predicted to be under strong selection in both males and females
(Clutton-Brock et al. 2006; Rubenstein & Lovette 2009). Thus, in
cooperatively breeding species, both males and females would
be expected to have elaborate secondary sexual characteristics
used in intraspecific competition for mates, resources or social
rank (Rubenstein 2012b).

In many species of birds, song is a sexually dimorphic trait used
primarily by males to compete with other males or to attract fe-
males (Searcy & Andersson 1986). Song can serve as an honest
signal of male quality (Nolan & Hill 2004), and in many species,
by Elsevier Ltd. All rights reserved.
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males with extraordinary vocal performances (e.g. complex or
higher-pitched songs) often attract more mates (Soma &
Garamszegi 2011). Although males produce more complex song
than females in most avian species (Baptista et al. 1993; Geberzahn
& Gahr 2011; Sethi et al. 2012), analysis of female song structure in
a variety of oscine songbirds has revealed considerable complexity
(de Silva et al. 2004; Pavlova et al. 2010). In some cooperatively
breeding species, female song may be as frequent as male song
(Illes & Yunes-Jimenez 2009). Singing to establish territorial
boundaries is typically associated with males (Searcy & Andersson
1986), but when competition for nesting sites is high, females may
also sing (Arcese et al. 1988; Hobson & Sealy 1990; Langmore 1998).
Territorial female song is more common in tropical species, where
territory and other ecological resources are scarce and competition
for these resources can be intense (Cooney & Cockburn 1995; de
Silva et al. 2004; Hall & Peters 2008; Illes & Yunes-Jimenez 2009;
Tobias et al. 2011). Females also use song to compete with other
females, both directly and indirectly, for male parental care
(Langmore et al. 1996; Langmore & Davies 1997). Thus, although
females sing less frequently thanmales inmost avian species, when
they do, they use song in a variety of social and competitive
contexts.

Although most studies of vocal communication in cooperative
breeders have focused on the role of vocalizations in kin recog-
nition (Payne et al. 1988, 1991; Price 1998, 2004; Hatchwell et al.
2001; Sharp et al. 2005; McDonald & Wright 2011; McDonald
2012), a few studies have examined their role in social in-
teractions such as territorial defence (Cooney & Cockburn 1995;
Hall & Peters 2008). Social interactions among same-sex group
members may be especially intense in cooperative breeders and
result in strong selection on traits used in signalling (Rubenstein
2012b). Because complex traits used in femaleefemale competi-
tion are generally elaborated in cooperatively breeding species
(Rubenstein & Lovette 2009), female song in cooperative breeders
may also be complicated and used frequently in a variety of com-
petitive contexts.

Here we examine the form and function of song in the superb
starling, Lamprotornis superbus, a cooperative breeder commonly
found in the savannas of East Africa. Both sexes sing in superb
starlings, and they do so year-round at the same time of the day,
suggesting that song may function in more than just a sexual
context in this species. Superb starlings are plural cooperative
breeders with up to six breeding pairs per group (Rubenstein
2007a, b). They live in some of the most complex social groups
of any cooperatively breeding bird, as helpers can help at multiple
nests simultaneously, and breeders occasionally help at the nest
of other breeders in the group (Rubenstein 2006). Superb star-
lings use flight calls, which are simpler and shorter vocalizations
than songs, for group, kin and individual recognition (S. K.
Chester, C. D. Meliza & D. R. Rubenstein, unpublished data), but
the function of the more complex songs remains unknown. Pre-
vious comparative work in African starlings has shown that
dimorphism in plumage and body size is reduced in cooperative
species and driven primarily by increased trait elaboration in
females (Rubenstein & Lovette 2009). Thus, since female mor-
phological traits are elaborated and more similar to male traits in
cooperatively breeding starlings, we hypothesized that song
would be equally complex in both male and female superb star-
lings, and that it would be used in the same contexts by both
sexes. We analysed song in both sexes recorded after the primary
breeding season, and we examined the function of song in dif-
ferent social contexts. Ultimately, this work will provide impor-
tant insights into the role of song in a tropical cooperative
breeder where both sexes compete intensively for reproductive
opportunities.
METHODS

Vocal Data Collection

Superb starlings were studied at the Mpala Research Centre,
Kenya (0�1703100N, 36�5305200E) between May and June 2011 at the
end of the long rains breeding season. The population has been
monitored continuously since 2001, and each bird is individually
marked with a numbered leg ring and series of coloured leg bands.
Song, which we define as a vocalization lasting more than 5 s, was
recorded daily for 5 weeks from perched birds from 0900 to
1700 hours. Superb starlings only sing when perched, and when
singing, birds performed no other behaviours except for occasional
preening. Songs were recorded from five marked social groups: 16
individuals from MRC1 (eight males, eight females), seven from
SRB1 (three males, four females), two from SRB2 (two males), two
fromDRT1 (twomales), and one fromMRCV (onemale). Recordings
were made by a single person (J.A.P.), while a second observer
identified each individual using a spotting scope. All work was
approved by Columbia University’s Institutional Animal Care and
Use Committee (AC-AAAB1128).

Digital recordings in the form of monoaural uncompressedWAV
files (16 bit, 44 kHz) were made using a Sennheiser ME66 direc-
tional microphone and a Marantz PMD661 portable field recorder.
To determine the amount of song to record for each individual to
accurately assess its complete repertoire, we created cumulative
motif repertoire curves from previously made recordings. After
plotting the cumulative number of unique motifs against time until
it reached an asymptote, we visually determined that 8 min of song
per individual captured the majority of its song repertoire (see
Supplementary Material). Themean � SE recording length for birds
in our samples was 8.8 � 0.2 min. Although two females had
slightly less than 8 min of song recorded (5 min each), we included
them in our analysis because of a small female sample size.
Excluding these females did not change our results.

For each recording, we noted whether the focal individual was
singing alone or in a group chorus with other birds from its social
group. Of the 71 recordings, 39 recordings from 16 individuals were
of birds singing alone and 32 recordings from 25 individuals were
of birds singing in a group. If song from other birds in a chorus
overlapped with the song of the focal individual and obscured the
recording, these recordings were excluded from our analysis. In
total, we recorded 271 min of song from 26 individuals in 2011 and
included 14 min of recordings from two individuals recorded in
2008 (N ¼ 16 males and 12 females). Ages of the recorded birds
ranged from 1 to 10 years. Social rank was determined by catego-
rizing birds as recent breeders or helpers (sensu Rubenstein 2007a).
Birds were identified as breeders if they bred in 2010 or 2011, and
they were identified as helpers if they brought food to nests during
those years but were not the social parents of those nests. Breeders
are socially dominant to helpers in this species (Rubenstein 2007a).

Song Analysis

We generated spectrograms of the songs with a Hann evaluation
window, a bandwidth of 248 Hz, frequency resolution of 172 Hz
and temporal resolution of 2.90 ms using RavenPro v.1.2 (Cornell
Lab of Ornithology, Ithaca, NY, U.S.A.). We annotated the spectro-
grams by song bout and motif type based on a classification system
of 82 unique motifs (sensu Keen 2011). We define a motif as
a continuous unit of sound within a song divided by gaps of silence
from other such units (Fig. 1). We define a song bout as a unit of
song at least 5 s in length with no gaps longer than 1.5 s (sensu
Pavlova et al. 2005). We created the classification system as an
extension of an existing set of motifs that have been identified in
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the flight calls of superb starlings from the same population (Keen
2011). Although flight calls are produced primarily by starlings
when flying from one place to another, starlings have not been
observed to sing while moving.

Songs were analysed (and recorded) blindly with respect to age,
sex and social rank. We evaluated the pitch of songs using Chirp
v.1.1.2 (C. D. Meliza, S. K. Chester & D. R. Rubenstein, unpublished
data), a programthat creates a contourof the toneof eachmotif, thus
filtering out the effects of background noise. Each pitch contour was
visually verified by J.A.P. to ensure that it correctly traced the motif;
incorrect pitch contours were discarded prior to analysis. Chirp
identified the mean, minimum andmaximum frequency (in Hz) for
eachmotif. For each individual, we then calculated a variety of song
parameters including: (1) the number ofmotifs sung per second; (2)
the ratio of flight call motifs to song-distinct motifs in each record-
ing; (3)motif repertoire; and (4)motif sharing, as indicated byDice’s
(1945) similarity index. We also measured several aspects of song
structure, including: (1) the song bout length; (2) song bout versa-
tility (i.e. the proportion of unique motifs per song bout); and (3)
continuity (i.e. the percentage of song that could be classified into
continuous song bouts; sensu Pavlova et al. 2005, 2010). The motif
repertoire for each individual was based on the number of unique
motifs identified within exactly 8 min of song. For eight individuals,
all 8 min required for capturing the motif repertoire occurred in
a single recording. The other 20 individuals’motif repertoires were
analysed fromacomposite of up to seven recordings, totalling8 min.
There was no sampling effect on motif repertoire size, as the rep-
ertoires of birds with composite and continuous recordings were of
similar size (t26 ¼ 0.91, P ¼ 0.37). Finally, other variables distinct
from motif repertoire (e.g. flight call ratio and motifs sung per sec-
ond) were calculated on a per-recording basis.

Statistical Analysis

Data were analysed using generalized linear mixed models
(GLMM) in SPSS v.20 (IBM, Armonk, NY, U.S.A.). All tests were two
tailed and used a threshold significance level of P < 0.05. Fixed
effects in our models included sex, age, social context (i.e. alone
versus in a group) and social rank (i.e. breeder versus helper). To
account for repeated sampling of the same individuals andmultiple
individuals sampled from the same social groups, individual and
social group were included as random effects in our models. The
variables song bout length, continuity and flight call ratio were
transformed to meet the assumptions of normality, using a log and
two arcsine transformations, respectively. We used binary logistic
regression models to determine whether birds of different sex,
social rank and age sang in different social contexts.We used paired
t tests to measure individual differences in song structure between
different social contexts. We used the package simba in R v.2.15 (R
Foundation for Statistical Computing, Vienna, Austria) to calculate
Dice’s similarity index between motif repertoires.

RESULTS

We found that superb starlings in our long-term study popula-
tion used 82 distinct motifs in their song. Male motif repertoire
ranged from 47 to 64 motifs, and female motif repertoire ranged
from 47 to 61motifs. Themean individual repertoire size (56.1 �1.6
and 54.7 � 1.9 motifs for males and females, respectively) did not
differ between sexes (F1,8.4 ¼ 0.41, P ¼ 0.54; Fig. 2a). Additionally,
motif repertoire size did not vary with social rank (F1,8.8 ¼ 0.006,
P ¼ 0.94) or age (F7,1.5 ¼ 1.54, P ¼ 0.30). The mean Dice’s similarity
index of motif repertoires, a measure of motif sharing, among all
birds was s ¼ 0.84 � 0.003, and did not differ between sexes
(t375 ¼ �0.45, P ¼ 0.67).
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Figure 2. (a) Mean � SE motif repertoire sizes of male and female superb starlings.
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Similarly, the pitch of starling song, which ranged in frequency
from 1548 to 4610 Hz (excluding harmonic frequencies), with
a mean of 3101 � 41 Hz, also did not differ between sexes
(F1,11.58 ¼ 0.046, P ¼ 0.83), or with social rank (F4,8.29 ¼ 2.29,
P ¼ 0.15) or age (F9,8.04 ¼ 0.91, P ¼ 0.56). The ratio of flight calls to
song motifs did not vary by sex (F1,1.27 ¼ 0.62, P ¼ 0.7), social rank
(F1,0.61 ¼ 0.27, P ¼ 0.7), social context (F1,0.27 ¼ 1.30, P ¼ 0.7) or age
(F7,2 ¼ 2.33, P ¼ 0.33).

Although there were no sex or rank differences in song pa-
rameters (i.e. motif repertoire size, motif sharing, pitch or ratio of
flight calls to song motifs), social context and breeding role did
influence song structure. We found that breeder song had higher
song bout versatility than helper song (F1,10.57 ¼ 6.11, P ¼ 0.032;
Fig. 2b). Additionally, when singing in a group, individuals pro-
duced song that was more continuous (F1,38.6 ¼ 33.39, P < 0.001;
Fig. 2c), with longer song bouts (F1,6.51 ¼ 26.96, P ¼ 0.002) than
song produced when singing alone. Individuals for which both solo
and group recordings were available sang more continuous songs
(paired t test: t12 ¼ �3.63, P ¼ 0.003) with longer song bouts
(paired t12 ¼ �3.65, P ¼ 0.003) when singing in a group.

DISCUSSION

Superb starling song is highly complex, with a diverse repertoire
of motif types. For all the structural components we measured, as
well as song parameters such as pitch and the number of motifs
sung per second, song was equally complex and completely indis-
tinguishable between males and females. For example, both sexes
had extensive repertoires and highly versatile song bouts, andmotif
sharing was very high within and between sexes, with no differ-
ence between same-sex and opposite-sex motif repertoire simi-
larity. By contrast, the noncooperative European starling, Sturnus
vulgaris, shows greater repertoire size in males than in females
(Pavlova et al. 2005), despite some overlap in repertoire between
the sexes. This is consistent with the broader pattern of more
elaborate song in male birds, generally the more competitive sex
(Searcy & Andersson 1986). In contrast to European starlings and
many other passerine birds, both sexes in superb starlings appear to
use and produce song that is similar in form.

Our results are consistent with the idea that traits used in
intrasexual competition in cooperative breeders may be elaborated
and of similar form or complexity in both sexes. If song mediates
social competition in the superb starling, we would predict a dif-
ference between the vocalizations of socially dominant and socially
subordinate individuals. Work in other species of songbirds has
shown that song complexity can signal social dominance (Spencer
et al. 2004) and that males with more versatile songs enjoy greater
mating success (Lampe & Espmark 2002; Forstmeier & Leisler
2004). We found differences in the structure and versatility of the
song in breeders and helpers. Socially dominant breeders produced
more versatile song bouts than socially subordinate helpers. Since
song is used during both the breeding and nonbreeding seasons in
superb starlings, song may help mediate intrasexual competition
for social rank in both sexes.

The difference in structure between solo and chorus song gives
us insight into the function of superb starling song in different
social contexts. Chorus song was more continuous, with the ma-
jority of song produced in long song bouts with fewer short ‘bursts’
of song interspersed, whereas solo songwas divided into short song
bouts with smaller, choppier units of song between them. Chorus
song can serve a variety of functions in birds, such as joint territorial
defence, promoting group cohesion and mediating social hierar-
chies (Bradley & Mennill 2009). Moreover, different functions of
chorus song are associated with different behavioural profiles.
Territorial chorus song is a highly coordinated display typically
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performed at territorial borders, and often accompanied by other
aggressive behaviours such as chasing and plumage displays (Reyer
& Schimdl 1988; Seddon 2002; Mann et al. 2006). In superb star-
lings, however, group song is performed in the centre of the terri-
tory in an uncoordinated and seemingly chaotic fashion, with no
accompanying displays or behaviours. This behavioural profile
more closely matches group vocalizations associated with group
cohesion, such as that of the cooperatively breeding Australian
magpie, Gymnorhina tibicen (Brown et al. 1988). Solo song may
serve a different role from chorus song (i.e. advertising to potential
mates), although further work, particularly with experimental
playbacks, is needed to establish its true function.

Female song has historically been understudied relative to
male song (Garamszegi et al. 2007), partly because of Darwin’s
initial focus on male ornamentation in his work on sexual se-
lection (Darwin 1871; Ah-King 2011; Rubenstein 2012a) and
partly because of a bias towards studies in temperate regions
where female song and year-round territoriality are less com-
mon than in the tropics (Price et al. 2009). We have shown that
song in a tropical cooperative breeder can be similarly complex
in males and females. In support of previous work on sexual
dimorphism in African starlings (Rubenstein & Lovette 2009),
our findings suggest that the evolution of mutual plumage
ornamentation in cooperative breeders may be accompanied by
mutual elaboration in song. Our work also shows that both males
and females in cooperatively breeding species may use song to
signal social dominance. This and other studies (e.g. Bradley &
Mennill 2009; Illes & Yunes-Jimenez 2009) indicate that female
song may be an important social signal in species where intra-
sexual competition and intersexual selection are strong in both
sexes.
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