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Female song in birds is more widespread than previously thought, and studies across 
different species are critical for better understanding the entire evolutionary process of 
bird song. In this study, we recorded the songs of males and females in a duetting, montane 
bird species, the Elliot’s laughingthrush Trochalopteron elliotii, across consecutive 
breeding seasons. We specifically focused on identifying the number and structure 
of different song types by males and females, and compared these acoustic structures 
between the sexes. Our findings revealed that both males and females sang sex-specific 
solos. More specifically, females sang a single type of solo that varied significantly in the 
number of notes, whereas males produced three different solos composed of 2, 3, or 
4 notes, respectively. Female solos exhibited significantly more notes and longer song 
duration compared to males. Male solos typically had a significantly higher maximum 
frequency for the entire song. No significant differences were observed in the duration 
of the first note, song rate, and other frequency characteristics between male and 
female solos. Furthermore, paired males and females coordinated their sex-specific 
solos to form duets when challenged by conspecific territory intruders, both within 
and outside the breeding season. Sex-specific solos suggested that male and female 
songs play different roles and may be subject to different selective pressures. Further 
research is necessary for elucidating the functions of male song, female song, and duets 
in this montane bird species.
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Introduction

Mate attraction and territory defence are widely considered to be the two primary func-
tions of male song in songbirds (Catchpole and Slater 2008). Song complexity or reper-
toire size often represents an honest signal of male quality (Searcy and Andersson 1986, 
Gil and Gahr 2002), a trait which is subject to both intra- and inter-sexual selection 
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(Westcott 1992, Nolan and Hill 2004). In contrast to male 
song, information on the temporal structure and functions of 
female song is limited (Langmore 1998, Riebel et al. 2005). 
However, recent researches have revealed that female song in 
oscine passerines is widespread and ancestral, occurring in 
approximately 60–70% of passerine species (Garamszegi et al. 
2007a, Odom  et  al. 2014, Webb  et  al. 2016), but which, 
across several avian families (Icteridae, Muscicapidae, and 
Fringillidae) has been repeatedly lost (Garamszegi  et  al. 
2007b, Price 2009, Price  et  al. 2009, Odom  et  al. 2015). 
These findings challenge the traditional view that female song 
is rare, and in fact suggest a more complex and diverse pat-
tern of vocal communication, in which female bird song may 
have a similar biological significance to male song and play 
an important role in survival and breeding (Langmore 1998, 
Hall and Langmore 2017). Despite these recent advances, 
there remains a lack of research comparing song structure and 
song behaviour between the sexes. 

In some tropical bird species, females sing solos of simi-
lar complexity to males (Brunton and Li 2006, Price  et  al. 
2008), which suggests that females may use song to compete 
for resources, strengthen pair bonds, and allow mate guarding 
(Tobias and Seddon 2009, Hall  et  al. 2015, Reichard et  al. 
2018). Females and males can also form duets by coordinat-
ing their vocalizations temporally (Benedict 2008), and these 
duets also play a role in territory defence, mate-guarding, 
and reproductive synchronization (Hall 2004, Dahlin and 
Benedict 2014). Despite accumulating evidence indicating 
that female song serves numerous functions (Cain et al. 2015, 
Kirschel  et  al. 2020), there have been few investigations of 
female song (Odom and Benedict 2018), particularly for tem-
perate species (Malacarne et al. 1991, Benedict 2008).

Elliot’s laughingthrush Trochalopteron elliotii is a sexually 
monomorphic and socially monogamous montane songbird 
endemic to China (Liu and Sun 2016). During the breeding sea-
son, the species inhabits alpine habitats with open woodlands, 
shrubs, and cultivated lands, but migrates to lower altitudes 
for the non-breeding winter season. During winter individuals 
form flocks, while mated males and females maintain their pair 
bonds and, in some instances, occupy and defend separate ter-
ritories (Lei and Lu 2006). In the pre-breeding season, females 
typically sing, especially when they are unpaired or in flocks. 
Paired males are known to sing solos, duets, or choruses with 
other males throughout the year. While the vocal behaviour of 
Elliot’s laughingthrush has been described previously, to our 
knowledge at least, the structure of female song has yet to be 
analysed due to its scarcity (Opaev et al. 2017). Here, for the 
first time, we present a comparative analysis of song structure 
between the sexes in this montane passerine species during 
consecutive breeding seasons.

Material and methods

Study site and species

The fieldwork was conducted in the Lianhuashan Nature 
Reserve (34°58′16″N, 103°45′30″E; 2040 m a.s.l.), located 

on the eastern edge of the Qinghai-Tibet Plateau in central 
China. The study area is mainly composed of cultivated 
farmlands, open woodlands, and orchards, as well as 
abandoned fields dominated by scrub vegetation. Since 2013, 
we have been studying the ecology of the resident Elliot’s 
laughingthrush population at this site and, each year, catch and 
colour-band males and females with a unique combination of 
colour rings for sex and individual identification. The sex of 
all marked individuals was determined by the swelling of the 
male gonads and differences in morphological size (Liu and 
Sun 2016). 

Field observation and vocalization recording

From 5 March to 20 May 2021, and 5 April to 13 June 
2022, we observed male and female singing behaviour every 
three days during suitable weather conditions. All observa-
tions were conducted between 08:00 and 11:00. Within 
each territory, we conducted one-hour long observations, 
during which we recorded the date, sex of the singer, time, 
singing contexts (agonistic interactions, spontaneous sing-
ing, chorus singing), presence of intruders, and whether the 
focal pair divorced. For each singing individual, we collected 
solos and duets using a TASCAMHD-P2 sound recorder 
(44.1 kHz, 16 bits) and a Sennheiser MKH416 P48 shotgun 
microphone at a distance of 5–10 m from the singing birds. 
We also recorded solos from unpaired males, which were 
determined through direct observations of male–female 
interactions, and from observations made at nests being 
attended by these same males.

Acoustic structure

Avisoft-SASLab Pro was used to analyse the song structure 
of all recordings. The sampling rate was 22.05 kHz, with a 
sample size of 16 bits, the FFT length was 512 points, the 
frequency resolution was 43 Hz, the temporal resolution was 
2.9 ms, and the window used was FlatTop, with an 87.5% 
overlap. The simplest elements of the song on the sonogram 
are referred to as ‘notes’. We defined a discrete song as being 
made up of two or more consecutive notes, typically sepa-
rated by a brief pause (Brenowitz et al. 1997). Solo songs refer 
to the distinctive individual songs produced by a single bird 
(either male or female). All definitions of songs and notes are 
illustrated in Fig. 1A. 

For each individual, the following song characteristics were 
recorded: the total number of notes within a song, duration 
of song, first note duration of a song, the speed of a song 
(the number of notes within a song per second), maximum 
frequency, minimum frequency, and frequency range of the 
song, the first and last note. To determine these parameters, 
we analysed two solos from each female and male. In order 
to include a diverse range of variation in vocal characteristics 
within individuals, we only selected recordings that were 
both high-quality and representative of the individual’s vocal 
repertoire.
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Figure 1. Spectrograms and song parameters of male solos, female solos, and duets in Elliot’s laughingthrush Trochalopteron elliotii. (A–C): 
spectrograms depicting representative male Elliot’s laughingthrush solos with 2, 3, 4 notes, respectively. (D), (E): spectrograms depicting 
representative female Elliot’s laughingthrush solos with 6 or 7 notes. (F): male-initiated overlapping type duet. (G): male-initiated alternating 
duet. (H): female-initiated alternating duet. (I): coordinated alternating type duet.
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Spectrograms creation

Spectrograms were extracted using R package ‘Seewave’ with 
an FFT-window length of 512 and an overlap of 87.5% 
(Sueur  et  al. 2008). The ‘tuneR’ package was used to load 
sound files in WAV format as an object (Ligges et al. 2013). In 
a spectrogram, time is displayed on the x-axis, frequency on 
the y-axis, and amplitude is represented by colour intensity.

Statistical analysis

Wilcoxon rank sum tests were used to determine if each of 
the vocal characteristics (the number of notes, speed, dura-
tion, first note duration) and frequency of the song differed 
between males and females. Bonferroni correction was used 
to adjust the p-values in the analysis. All statistical analy-
ses were conducted using R ver. 4.1.3 (www.r-project.org). 
Values are given as mean ± SE, with Bonferroni corrected p 
value < 0.004. 

Results

During the breeding seasons of 2021 and 2022, observations 
were conducted on 27 pairs, none of which were observed 
repeatedly in both years. In total, we recorded 64 solos from 
23 different paired males, 15 solos from 9 unpaired males, 
and 27 solos from 19 different paired females. Additionally, 
we documented 31 duets from 17 different mated pairs. In 
each pair, at least one individual was marked, ensuring the 
determination of the singer’s sex. 

Elliot’s laughingthrush produced sex-specific solos. Male 
repertoires include three song types, which consist of 2, 3, 
and 4 notes, respectively (Fig. 1A–C). In male solos all three 
song types were used in different contexts: two-note types 
were used exclusively during daytime choruses, whereas 
three- and four-note types were used exclusively in agonistic 

behaviours among males. Duetting males displayed only song 
types including three or four notes. 

Female repertoires included a single song type, with the 
number of notes varying from 2 to 7 (Table 1, Fig. 1D–E). 
Both sexes were capable of coordinating their song to form 
duets. In 90.3% of duets (28 out of 31), males initiated the 
duetting, and females overlapped (Fig. 1F) or alternated with 
their partners’ songs (Fig. 1G, I). Duets were also initiated by 
females, with males alternating their songs (Fig. 1H–I).

Significant differences were observed in solos between the 
sexes: females had significantly more notes (p < 0.001) and 
longer song duration (p < 0.001) compared to males (Table 
1, Fig. 2). Males exhibited a significantly higher maximum 
frequency of the entire song (p < 0.001; Table 1, Fig. 2). 
No significant differences were observed in the duration of 
the first note, song rate, and other frequency characteristics 
between male and female solos (p > 0.004; Table 1, Fig. 2).

Discussion

Our results showed that female Elliot’s laughingthrush sang, 
and that both sexes exhibited sex-specific songs. Males were 
observed to produce three distinct song types, whereas females 
sang a single song type that varied in the number of notes 
within songs of each singing bout. Females produced a signif-
icantly higher number of notes and longer songs compared to 
males, while the frequency of female songs was significantly 
lower than that of males. The differences in song structures 
between sexes may suggest that the male and female songs are 
subject to different selective pressures (Odom  et  al. 2015). 
For example, the low-frequency songs produced by females 
may serve as a signal of body size to males, indicating a bet-
ter capacity to defend a territory (Ryan and Brenowitz 1985, 
Gil and Gahr 2002). Sex-specific song has also been reported 
in other laughingthrush species (Vencl and Soucek 1976, 
Lei and Lu 2006, Weng et al. 2012, Liu et al. 2022), and in 

Table 1. Comparisons of temporal characteristics and frequency of song in male and female Elliot’s laughingthrush Trochalopteron elliotii. 

Parameters Males (n = 113) Females (n = 35) Test statistic (W) p value

Number of notes within a song 2.85 ± 0.08 (2–4) 4.09 ± 0.24 (2–7) 2976 < 0.001
Duration of the whole song (s) 0.82 ± 0.03 (0.33–1.65) 1.27 ± 0.08 (0.48–2.08) 3107 < 0.001
First note duration of a song (s) 0.19 ± 0.01 (0.05–0.83) 0.23 ± 0.02 (0.04–0.43) 2407 0.053
The speed of the whole songa 3.65 ± 0.08 (1.73–6.10) 3.28 ± 0.08 (2.59–4.32) 1419 0.012
Maximum frequency (kHz) 3.55 ± 0.03 (2.49–4.30) 3.41 ± 0.10 (2.67–5.51) 1206 < 0.001
Minimum frequency (kHz) 1.60 ± 0.03 (1.10–3.70) 1.61 ± 0.05 (1.20–2.49) 1908 0.752
Frequency rangeb (kHz) 1.96 ± 0.04 (0–2.80) 1.80 ± 0.09 (1.20–3.02) 1390 0.008
Maximum frequency of the first note (kHz) 3.21 ± 0.04 (2.40–4.04) 3.09 ± 0.08 (2.06–4.30) 1589 0.079
Minimum frequency of the first note (kHz) 1.78 ± 0.03 (1.10–2.41) 1.83 ± 0.07 (1.10–3.35) 1973 0.986
Frequency range of the first notec (kHz) 1.43 ± 0.03 (0.60–2.40) 1.26 ± 0.06 (0.52–2.15) 1447 0.017
Maximum frequency of the last note (kHz) 3.35 ± 0.03 (2.20–4.10) 3.29 ± 0.11 (2.40–5.51) 1461 0.019
Minimum frequency of the last note (kHz) 1.68 ± 0.02 (1.11–2.50) 1.77 ± 0.05 (1.29–2.49) 2341 0.098
Frequency range of the last noted (kHz) 1.67 ± 0.03 (0.80–2.60) 1.52 ± 0.09 (0.77–3.02) 1352 0.005

aSpeed of the whole song calculated by dividing the number of notes in one song by the duration of the song.
bFrequency range of the whole song calculated as maximum frequency minus minimum frequency of the song.
cFrequency range of the first note calculated as maximum frequency minus minimum frequency of the first note in the song.
dFrequency range of the last note calculated as maximum frequency minus minimum frequency of the last note in the song. Bonferroni  
corrected p value = 0.004. Significant differences between males and females are highlighted in bold.
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other babblers including red-billed leiothrix Leiothrix lutea, 
hwamei Garrulax canorus, brown-cheeked laughingthrush 
Trochalopteron henrici, and snowy-cheeked laughingthrush 
Lanthocincla sukatschewi (P. Liu unpubl.).

During the two consecutive breeding seasons, both males 
and females sang solos or duets within their territories dur-
ing the day, and paired females sang in response to their 
male partners. Paired males used 2-note solos to interact 
with neighbouring males. Unpaired males exhibited wide-
ranging movements while singing solos consisted of 3- or 
4-notes. A study in a population of this babbler found that 
Elliot’s laughingthrush sing three solo types: two types con-
sist of three notes and are more often used in interactions 
with neighbouring males; the third type consists of two notes 
and appears to be used in male–female duetting (Opaev et al. 
2017). In our study population, it may be the case that 
unpaired males use 3- or 4-note solos to attract mates, while 
paired males use 2-note solos to advertise ownership of their 
territories. Outside the breeding season, males may also form 
duets with females or engage in chorusing with other males 
when gathering in flocks, even when defending separate ter-
ritories, whereas females sing to form duets with their mates 
when occupying winter territories. Further work is needed 
to determine the context in which the same song types are 
used during the non-breeding season; e.g. whether they func-
tion for mate attraction, intersexual competition, or territory 
defence (Langmore  et  al. 1996, Gil and Gahr 2002, Krieg 
and Getty 2016). 

In our study population of Elliot’s laughingthrush, males 
and females coordinated their songs into duets, a behaviour 
which has also been observed in another population of this 
species (Opaev et al. 2017). We found that male and female 
Elliot’s laughingthrush sang both coordinated alternating 
and overlapping duets. A potential benefit of alternate duets 
may be that they extend the duration of the vocal display, 
potentially increasing the signal of joint resource defence or 
pair-bonding (Hall 2004), while the overlapping duets may 
represent conflict between the pairs, including mate-guarding, 
paternity guarding and extra-pair mating (Hall 2004, Dahlin 
and Benedict 2014). Females of some passerine species may 
prevent potential extra-pair copulation by forming duets 
with jamming notes, thus serving as a deterrent (Tobias and 
Seddon 2009). Furthermore, in the Elliot’s laughingthrush, 
both male and female initiated duets. For many species, duets 
are initiated by members of both sexes (Dahlin and Benedict 
2014, Dingle and Slabbekoorn 2018), thus duets are the 
products of both male and female behaviour. In our population, 
the majority of duets were initiated by males, indicating that 
females rarely leave their mates to sing alone, which suggests 
that there may be a higher cost to females in allowing the 
male to sing on his own, as it might attract rival females. In 
grey-breasted wood-wrens Henicorhina leucophrys, male and 
female initiation rates in duets indicate potential functions 
in joint territory defence and defending mates (Dingle and 
Slabbekoorn 2018). Studies on the plain laughingthrush 
Pterorhinus davidi found that duetting is primarily used for 
cooperative territorial defence and shared resource defence 

(Liu et al. 2023). Additionally, the most frequent context of 
duetting by Elliot’s laughingthrush is aggressive interactions 
with other pairs or individuals, suggesting a possible role in 
advertising pair bonds (e.g. white-throated dipper Cinclus 
cinclus: Magoolagan et al. 2019).

From our quantitative assessment of male and female 
songs and identification of sex-specific songs, Elliot’s laugh-
ingthrush can be added to the growing list of bird species 
in which female song plays a significant functional role in 
within-pair communication (Cooper  et  al. 2023), mate 
guarding (Rogers et al. 2007), or nest defence (Dalziell and 
Welbergen 2016). Furthermore, the frequent singing of 
unpaired females suggests that female song may also function 
in mate attraction (Morton et al. 2000). To further enhance 
our understanding of bird song evolution and animal com-
munication in general, more experimental research is required 
to document and quantify female songs of this and other spe-
cies, especially in the montane areas and northern temperate 
zones where research on female song is severely lacking.
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