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Abstract

Our current understanding of the function of coordinated acoustic displays usually comes from studies conducted over a
short period of the breeding season. However, the function of particular types of vocalizations may vary according to sex
and context, and such displays can extend beyond the time of reproduction. To fully understand this phenomenon, analyses
of year-round singing behavior are required. In the current study, we focused on a small, year-round territorial Afrotropical
songbird, Chubb’s Cisticola (Cisticola chubbi). We analyzed the structure of songs during the breeding season as well
as year-round changes in the proportion of solos, duets, and choruses to investigate the potential function(s) of each type
of vocalization. We found that: (1) females produced whistling notes, while males generated trilling ones; (2) up to five
individuals formed coordinated choruses, and (3) individuals were always near to each other during cooperative singing. Over
the course of a year, the majority of syllables recorded were duets (82%), with rarer choruses (16%) and extremely rare solos
(2%). Outside of the breeding season, males produced the most solos, while females produced more at the beginning of the
breeding season. The proportion of choruses was highest at the end of breeding season. Frequent year-round production of
duets and choruses strongly supports territory defense as the main function of joint singing, while the highest proportion of
choruses at the end of the breeding season suggests that offspring take part in the chorus. To better understand cooperative
singing, it is essential to extend our looking beyond the breeding season.
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Zusammenfassung

Haufige Duette, seltene Chore und extrem seltene Solos — das ganzjihrige Singverhalten des Farnzistensingers.
Unser derzeitiger Wissensstand zur Funktion koordinierter akustischer Darbietungen stammt in der Regel aus Studien,
die tiber einen kurzen Zeitraum wihrend der Brutsaison durchgefiihrt wurden. Aber die Funktion bestimmter Arten von
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LautiduBerungen kann je nach Geschlecht und Kontext variieren, und diese LautduBerungen konnen iiber die Zeit der
Fortpflanzung hinaus andauern. Um dieses Verhalten vollstindig zu verstehen, braucht man Analysen des ganzjidhrigen
Gesangsverhaltens. In dieser Untersuchung konzentrierten wir uns auf einen kleinen, ganzjihrig territorialen afrotropischen
Singvogel, den Farnzistensidnger (Cisticola chubbi). Wir analysierten die Struktur des Gesangs wihrend der Brutzeit sowie
die ganzjidhrigen Verdnderungen des Anteils von Solos, Duetten und Choren, um die potenziellen Funktion(en) der einzelnen
Gesangsarten zu untersuchen. Dabei stellten wir fest, dass (1) die Weibchen pfeifende Tone erzeugen, wihrend die Méannchen
trillernde Tone von sich geben; (2) bis zu fiinf Individuen koordinierte Chore bilden und (3) die Individuen wihrend des
gemeinsamen Gesangs immer nahe beieinander sind. Im Laufe eines Jahres konnten wir die meisten Silben in den Duetten
aufnehmen (82%), seltener im Chor (16%) und duBerst selten in Solos (2%). AuBerhalb der Brutzeit produzierten die
Minnchen die meisten Sologesinge, wihrend die Weibchen mehr Solos zu Beginn der Brutzeit von sich gaben. Der Anteil
der Chore war zum Ende der Brutzeit am hochsten. Die hédufige, ganzjihrige Produktion von Duetten und Choren spricht
stark fiir die Revierverteidigung als Hauptfunktion des gemeinsamen Gesangs, wihrend der hochste Anteil an Choren am
Ende der Brutsaison darauf hindeutet, dass der Nachwuchs dann in den Choren mitsingt. Um das gemeinsame Singen besser
zu verstehen, muss der Blick iiber die Brutzeit hinausgehen.

Introduction

Acoustic communication has been intensively studied in
birds, but mainly in temperate regions. Therefore, initially,
bird song was defined as a complex vocalization produced
by males in the breeding season to attract females and
repel rivals (Catchpole and Slater 2008). However, more
recent studies have shown that (1) female singing is quite
widespread in birds, especially in the tropics, and may be
observed in approximately two-thirds of songbirds (Odom
et al. 2014), (2) the fact that females of temperate species
are rarely observed singing is not the effect of an increase
in singing by males but of a rapid loss of singing abilities in
females (Price et al. 2009), and (3) sedentary tropical species
sing all year round (Vokurkovi et al. 2018). Furthermore,
in many bird species, males and females coordinate their
vocalizations to produce duets and choruses (Soma and
Brumm 2020; Hall 2009).

Collective singing is estimated to occur in 18% of bird
species (Tobias et al. 2016), and evolutionarily speaking,
is thought to be promoted by year-round territoriality
and group living (Tobias et al. 2016; Soma and Brumm
2020), but not necessarily by sexual monochromatism or
tropical breeding (Logue and Hall 2014). Recent research
suggests that collective singing has evolved independently
in several different groups of birds (Soma and Brumm
2020). According to current theory, (1) duets and choruses
characterized by similar acoustic structure in males and
females may be an ancestral state; (2) the vocal complexity
of cooperative acoustic display may indicate social
complexity, (3) extensive sex-based differences in acoustic
structure in cooperatively signaling species may be the effect
of selection for or against complex signals in one sex; and
(4) cooperative acoustic signaling may have first evolved
before, and independently of, female song (Hall 2009;
Leighton 2017).
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Vocal duets have been described in ca. 40% of bird
families, although this number is still growing (Hall 2004,
2009; Tobias et al. 2016). Duets are mostly produced between
a male and a female (reviewed in Hall 2009), but singing
by two males has also been observed (e.g., DuVal 2007).
Duets are predominantly created by a female responding to
a male’s song (e.g., Mennill and Vehrencamp 2005; Klenova
et al. 2008; Koloff and Mennill 2012), but in some species
and contexts, males may also create duets by responding to a
female’s song (e.g., Dahlin and Benedict 2014). The phrases,
syllables, or notes sung by the two individuals may be sex-
specific (e.g., Wright and Dahlin 2007; Templeton et al.
2015) or indistinguishable between the sexes (e.g., Mennill
and Vehrencamp 2005; Benedict and McEntee 2009; Koloff
and Mennill 2012). Individuals may sing antiphonally as
well as synchronously (e.g., Grafe and Bitz 2004; Wright
and Dahlin 2007) and be located either near or far away
from each other (e.g., Mennill and Vehrencamp 2008). The
extent of variation in duet structure both within and among
species has raised doubts regarding its function (Hall 2009;
Templeton et al. 2015). However, recent work has suggested
that the evolution of duets is strongly associated with the
coordinated year-round defense of ecological resources by
both males and females, while other explanations of duetting
seem to be by-products of this underlying trend (Tobias et al.
2016). Thus, the different proposed functions of duets (e.g.,
mate or paternity guarding, signaling the quality of a pair,
signaling commitment to the partner, maintaining contact,
individual recognition, or reproductive synchrony) are not
mutually exclusive. Indeed, the underlying function may
vary both among and within species because of changes
in the motivation toward resource defense over time (Hall
2004; Dahlin and Benedict 2014).

Compared with duets, choruses are less common and
correspondingly less studied. By definition, a chorus is much
more complex than a duet, since more than two individuals
are involved in singing together. In some species females



Journal of Ornithology (2023) 164:547-559

549

and males sing alternating phrases in chorus, but with two
or more members of the same sex producing the same type
of phrase at the same time; the result sounds (and looks
on spectrograms) like an echo (e.g., Mann et al. 2006). In
another species individuals taking part in a chorus may
produce overlapping syllables with low level of coordination
or alternating and precisely coordinated ones, when both
individuals of the same as well as opposite sex sing in
alternating way (e.g., Seddon 2002). The primary function
of choruses seems to be joint territorial defense (Baker 2004;
Baker 2009; Bradley and Mennill 2009; Tobias et al. 2016).
However, choruses, like duets, may have multiple functions,
including coordination of group activity; maintaining
contact; encoding group-specific identity; or signaling the
number of individuals in, commitment to, or social structure
of a group (Seddon and Tobias 2003; Baker 2004; Hale
2006; Bradley and Mennill 2009).

To fully understand the evolution and function of duets
and choruses, it is first necessary to have reliable information
on the most basic characteristics of these coordinated
vocalizations, such as the acoustic structure of vocal
elements produced by individuals, or the prevalence rate of
solos, duets, and choruses, across a wide range of bird taxa
(Bradley and Mennill 2009). Without this knowledge, it will
be challenging to gain a true understanding of the functions
of collective singing. Moreover, our current understanding
of the function of birdsong, including duets and choruses,
comes in large part from studies conducted in strongly
seasonal environments, in which the breeding season is short
and highly synchronized at the population level. Even in
studies of sedentary species, researchers usually focus on a
very short period of the breeding season (but see Odom et al.
2017; Voigt et al. 2021). However, vocal signaling behavior
can vary considerably over both short and long periods and
strongly depends on the breeding stage of communicating
individuals (Bradley and Mennill 2009; Diniz et al. 2018;
Vokurkové et al. 2018). Thus, it is important to examine
changes in vocal signaling throughout the year in order to
fully understand the overall variation in and potentially
changing functions of different types of vocalizations, such
as solos, duets, and choruses, over time (Odom et al. 2017,
Voigt et al. 2006). Furthermore, in environments that are
stable year-round, breeding cycles may be less synchronized
at the population level (e.g., Moore et al. 2005), and a variety
of signaling behavior may be observed at the same time.

In the study, we focused on year-round cooperative
singing behavior in a small Afrotropical songbird species
without sexual dimorphism—the Chubb’s Cisticola
(Cisticola chubbi) (Passeriformes, Cisticolidae). The
genus Cisticola contain 51 species inhabiting grasslands,

savannahs, marshes, and woodlands, primarily in Africa
(Winkler et al. 2020). While most of the species form
monogamous pairs, some are polygynous or breed
cooperatively. Depending on the species, both partners or
the female alone may build the nest, incubate, and feed
nestlings. Females lay between one and seven eggs, and the
nestlings leave the nest after 13—16 days. The generation
time in cisticolas is one of the shortest known in birds,
with some individuals breeding just 27 days after fledging
(Winkler et al. 2020). In most cisticolas mainly the males
sing. Duets have been found in six species, and in some
of them, more than two individuals sing together forming
choruses. Flicking wings and tail during a singing has
been observed in some cisticolas, suggesting multimodal
signaling. Yet, neither multimodal signaling nor acoustic
communication have been closely studied in cisticolas in
the past.

The Chubb’s Cisticola is a sedentary and year-round
territorial species that inhabits open areas covered by tall
grass, Common Bracken (Pteridium aquilinum), bushes, and
rank vegetation along forest edges, clearings, and streams in
the Afrotropical highlands (Ryan 2020). Birds spend most
of their time in dense herbaceous vegetation, where they
are difficult to observe. In Cameroon mountains Chubb’s
Cisticola breeds in the dry season (from November to
March). The birds are probably monogamous, with females
leading the nest building and incubation, usually placing the
nests 0.5-2.0 m above ground (Ryan 2020).

The song of Chubb’s Cisticola is described as a rapid,
antiphonal duet or chorus initiated by a male and produced
from an elevated point (Ryan 2020). Prior to this study, there
was relatively little and uncertain knowledge on which part
of the duet or chorus is sung by males and females, who
takes part in the chorus, and the relative abundance of solos,
duets, and choruses (Thorpe et al. 1972; Ryan 2020).

In this study we focused on three main questions related
to joint singing behavior in Chubb’s Cisticola: (1) What is
the acoustic structure of vocal elements produced by males
and females in duets and choruses? (2) How often do birds
produce solos, duets, and choruses? (3) Do the proportions
of solos, duets, and choruses change across the year? The
answers to these questions shed light on the potential
functions of solos, duets, and choruses in Chubb’s Cisticola,
and illuminate how studies focused only on a single stage
of a species’ life-cycle (breeding season versus the whole
year) may change our perception of that species’ behavior.
To the best of our knowledge, our study is the first to provide
a detailed description of the vocalizations of Chubb’s
Cisticola, and one of only a few to analyze collective singing
behavior over the course of a year.
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Methods
Study site

The study was conducted in the Bamenda Highlands
(part of the Cameroon Mountains Endemic Bird Area),
near the village of Big Babanki in the Northwest Region
of Cameroon. In the Bamenda Highlands two seasons
occur: a shorter dry season from November to March and
a longer, wet season from April to October (Tye 1986).
We surveyed an unprotected area within 1 km of the field
station (coordinates: N 6.0902° E 10.2948°). The altitude
of the study site ranged from ca. 2000 to 2200 m a.s.l. The
vegetation was composed of a mosaic of small fragments of
montane rain forest, woodland dominated by Gnidia glauca,
forest clearings, tree-covered corridors along streams,
shrubs, extensive pastures, and abandoned lands covered by
ferns (Pteridium aquilinum) and shrubs. Chubb’s Cisticola
is observed mainly in abandoned lands covered by ferns and
shrubs, pastures with shrubs, and along forest edges and
clearings.

Fieldwork

We conduct our study from November 17, 2015, to
November 28, 2016, to capture singing activity of Chubb’s
Cisticola across whole year. In the first stage of the study,
we attempted to recorded vocalizations of the species
in different territories. We did this from November 17 to
December 9, 2015—a period that corresponds to Chubb’s
Cisticola breeding season, as well as that of most bird
species within the study area (Tye 1992; Sedlacek et al.
2007). We confirmed that Chubb’s Cisticola breeds in the
dry season, as we found nests with eggs or chicks, and
observed fledglings during the period of the study. However,
we also observed territorial birds without symptoms of
breeding, which suggests that nesting may extend over
a longer period (Ryan 2020). Chubb’s Cisticolas were
recorded mainly in the morning (06:00—11:00) and in the
evening (from 16:00 to 18:00), from a distance up to 20 m
away. We visited territories on two or three successive days
and recorded spontaneously singing individuals using a
directional microphone (Sennheiser ME67 with power
module K6) connected to a digital recorder (Marantz PMD
620, 16-bit PCM.wav recording format, 48 kHz sample
rate). In most territories (22 out of 25 visited) at least one
individual had been marked with a color ring, thus we were
sure that we recorded the same group. After each recording,
we marked the position of the recorded birds using a GPS
receiver. We used these high-quality manual recordings to
characterize the song structure of Chubb’s Cisticola during
the breeding season.
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Previous work on Chubb’s Cisticola has not been able
to unambiguously determine which phrases of a song
are sung by each sex. Therefore, we captured birds using
ornithological mist nets, marked them with color rings, and
took blood samples to determine their sex. Blood was taken
from a wing vein and applied to Whatman FTA Classic
Cards. Birds were then released in good condition in the
place of capture. In total, we individually marked from one
to three individuals in each of 22 territories (46 individuals:
25 males and 21 females). The sex of captured birds was
determined using molecular techniques (see Supplementary
material 1 for more details). Color-marked birds were then
recorded using a digital camera (Canon XA20) connected
with a directional microphone (Sennheiser ME67 with
K6 power module). We used playback to stimulate birds
to sing and approach the camera. Chubb’s Cisticola sings
very rarely and it is difficult to predict from which point
within the territory the birds will start singing, thus we
obtained only five good quality video recordings of duets
and choruses (i.e., made from short distance, where bill
movements of every individual are clearly visible) from
five different territories in which at least one individual was
individually marked by color rings. Out of them in three
territories male and female were marked, in one territory
two males and one female and in another one only a female
was individually marked. Additionally, we recorded two
males and three females which sung solo. These data were
used to determine which notes of a song are sang by males
and females.

Soundscape recording

We recorded soundscapes in six recording sites using six
Song Meter SM3 autonomous sound recorders (Wildlife
Acoustics) with two built-in internal omnidirectional
microphones (SMM-A1; signal-to-noise ratio > 68 dB).
Recorders were placed on trees, ca. 2—5 m above the ground,
in the middle of six different territories of Chubb’s Cisticola.
Previous studies showed that Song Meter SM3 can record
songs of songbirds from distance up to 100-150 m (Yip et al.
2017). The linear distance between neighboring recorders
ranged from 267 to 741 m; however, the mountainous
terrain always ensured that there was no overlap between
soundscapes recorded at neighboring sites. In each recording
site, we recorded the soundscape from one hour before
sunrise to one hour after sunset (“recording session”), once
every seven days from December 7, 2015, to November
28, 2016. Thus, over the course of the year we collected
52 recording sessions in each recording site. We used the
same settings in each recorder: 16-bit PCM.wav recording
format, 48 kHz sample rate, stereo recording, no low or high
pass filters. We used these data to examine changes in the
proportions of solos, duets, and choruses across the year.
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Acoustic analyses

We analyzed recordings using Avisoft SASLab Pro 5.1.17
(Avisoft Biacoustics) software, with the following settings:
FFT =512; Frame size =75%; Window = Hamming;
Temporal Overlap=287.5%. These settings produced a
sonogram of 163 Hz bandwidth with 94 Hz frequency and
1.33 ms temporal resolution.

Song of Chubb’s Cisticola consists of syllables which are
repeated many times in a synchronized manner. We defined
syllables as: (1) solo when contained only notes produced
by male or female; (2) duet, when contained notes produced
by two individuals of the same or different sex; (3) chorus
when contained notes produced by three or more individuals
(Fig. 1). In this way, a song might contain from one (solo
or duet or chorus) to three different types of syllables (solo,
duet, and chorus).

Manual recordings

We first used video recordings of individually marked
birds of known sex to determine which notes in the
duets and choruses are sung by males and which are
produced by females. Then we manually measured
each song’s duration, counted the number of syllables
in each song, and classified each syllable to one of three

main types: solo, duet, or chorus. In the next step we
classified syllable types into subtypes: (1) male solo (M)
or female solo (F); (2) duet syllables were classified as
female-male duet (FM), male—male duet (MM), or female-
female duet (FF); and chorus syllables were classified
according to the number and sex of participants [e.g.,
female—female—male chorus (FFM), male-male—female
chorus (MMF), female—female—male—male chorus (FFMM),
and so on]. We did not focus on the order in which the notes
appeared in the syllable, thus abbreviation MMF means that
elements produced by two males and one females are present
in syllable, but it does not mean that the singing order is
male-male—female. We also calculated the syllable rate
within a song, measured as the number of syllables produced
per second (number of syllables/song duration).

To characterize the general structure and variation of
syllables produced by males and females we first visually
classified each duet syllable to type. Then, we chose one
high-quality example of each type of syllable (in total 35
syllables; see Appendix 2) and manually measured the
duration (from the beginning of the first to the end of the
last note) and minimal and maximal frequency of male
and female syllables, counted notes in each syllable and
measured duration and minimal and maximal frequency
of each note separately in Avisoft SASLab Pro 5.1.17.
We applied different settings to measure the temporal

a 9 b

Frequency (kHz)
o

Fig. 1 Spectrograms showing examples of: a solo syllable of a female
contains three notes, b solo syllable of a male containing three notes,
¢ female and male duet syllable containing three female and three

Time (s)

male notes, and d a song containing three female and male duet syl-
lables (color figure online)
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(FFT =512; Frame size =75%; Window = Hamming;
Temporal Overlap=_87.5%) and spectral (FFT =1024; Frame
size =75%; Window = Hamming; Temporal Overlap=87.5)
characteristics.

Soundscape recordings

We visually scanned spectrograms and selected good quality
songs, i.e., songs in which we were able to see and recognize
all notes within each syllable. We started scanning one
hour before sunrise and stopped when we had found 100
syllables of Chubb’s Cisticola. On average, we found 100
good quality syllables in up to 4.34 h after sunrise (from
1 to 11 h after sunrise, SD 3.57); this time was shorter in
the dry and at beginning of wet season (December—April;
from 2.2 h in February to 2.96 h in April) and longer in
the wet season (May—November from 4.3 h in May-July
to 7.8 h in September). This way we ensured that the same
number of syllables were analyzed at each recording site
and during each recording session, and followed the natural
singing activity of Chubb’s Cisticola. As with the manual
recordings, we measured song duration, counted the number
of syllables within a song, and classified each syllable to a
type and subtype. Sound recordings are available at https://
doi.org/10.7479/2j13-v254.

Statistical analyses

We used Mann—Whitney test to compare the differences
in duration, minimal frequency, and frequency bandwidth
of syllables and notes produced by males and females. We
analyzed the 35 different types of syllables identified in our
study. Because the manual recordings for each territory
contained a different number of songs and syllables, we
first calculated the average characteristics of each song (song
duration, number of syllables within a song, syllable rate
within a song) and the proportions of particular types and
subtypes of syllables for each territory. We used these values
to characterize song structure during the breeding season.
The year-round recordings were a typical example
of repeated measurements: we recorded soundscapes
in 6 recording sites, with 52 sessions in each site, and
we analyzed the same number of syllables per recording
session (100 syllables). To answer our question of whether
the proportion of a particular type of syllable (solos, duets,
choruses) changes across the year, we applied generalized
estimating equations (GEE), which enable analysis of
repeated measurement data and are marginal models that
estimate population-averaged effects (Liang and Zeger 1986;
Pekar and Brabec 2018). For each type of vocalization,
we created a separate GEE. In each model, we specified
recording site as a subject variable, recording session as the
repeated measurement, and month as a fixed effect (nominal
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variable; as a reference category we used the month with
the highest mean number of the type of vocalization under
consideration). Data were fitted using a negative binomial
distribution and log-link function. All p values are two-
tailed. Statistical analyses were performed using IBM SPSS
Statistics 26.

Results
Singing behavior

We observed Chubb’s Cisticola in groups of two to seven
individuals. Birds sang from elevated places, such as shrubs,
trees, or ferns, with no specific acoustic signal preceding
singing. Birds appeared rapidly at the song post, sang
one or more songs, and hid in the vegetation again. While
singing together, birds were always in sight of one another
and performed dance-like movements such as moving their
tails and flapping their wings to produce loud wing-snaps,
which suggests that duet and chorus coordination may be
facilitated by visual signals (Supplementary material 2).
We never observed any duet or chorus in which birds were
further than 1 m apart while singing.

The syllables produced by females and males were
sex-specific and possible to discrimination by manual
spectrogram scanning. Analysis of 35 types of syllables
recorded in 25 territories revealed that the syllables produced
by females contained on average 2.9 whistling notes (from
2 to 4), while males produced syllables containing on
average 3.2 decreasing in frequency notes (from 1 to 5).
Syllables produced by females were significantly longer
(female: average 0.50 s, from 0.353 to 0.707 s; male:
average 0.43 s, from 0.114 to 0.509 s; Mann—Whitney
test: Z=— 3.354, p<0.001), produced in lower minimal
frequency (female: average 2.0 kHz; from 1.55 to
3.57 kHz; male: average 2.7 kHz, from 1.89 to 4.26 kHz;
Mann—Whitney test: Z=— 5.612, p<0.001) but did not
differ in frequency bandwidth (female: average 4.6 kHz;
from 3.10 to 6.72 kHz; male: average 4.8 kHz, from 1.64
to 6.29 kHz; Mann—Whitney test: Z=— 1.386, p=0.166)
from male syllables (Fig. 1; Supplementary material 3). The
duet comprised solo male and female syllables sung by both
birds at the same time with high precision (Fig. 1). The song
was composed of these same syllables repeated many times
during singing (Fig. 1).

When we looked at the notes sung by males and females,
we found that females produced significantly longer notes
(female: average 0.13 s, from 0.021 to 0.29. sec; male:
average 0.08 s, from 0.043 to 0.133 s; Mann—Whitney
test: Z=— 3.047, p<0.01), in lower minimal frequency
(female: average 2.9 kHz; from 1.55 to 6.15 kHz; male:
average 3.9 kHz, from 1.89 to 6.20 kHz; Mann—Whitney
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test: Z=— 6.312, p<0.001) but did not differ in frequency
bandwidth (female: average 2.3 kHz; from 0.17 to
4.91 kHz; male: average 2.0 kHz, from 0.51 to 3.53 kHz;
Mann—Whitney test: Z=— 1.892, p=0.059) from male
notes. For more details, see Supplementary material 3.

Song structure during the breeding season

We recorded Chubb’s Cisticola in 25 different territories.
In total, we analyzed 346 songs (on average 13.8 songs
per territory; from 5 to 29 songs), containing 3625
syllables (on average 145.0 syllables per territory; from
28 to 257 syllables). The average song lasted 9.4 s (from
0.6 to 48.9 s) and contained on average 10.5 syllables
(from 1 to 56). The average syllable rate was 1.1 syllables
per second (from 0.6 to 1.7 syllables per second).

The most widespread type of song was duet produced
by male and female, which was observed in all 25 vis-
ited territories. Choruses were recorded in 18 territories,
while solos were observed in only one territory (one
female sung one solo song comprised of three solo syl-
lables). When we looked at the proportions of syllables
found in solos, duets, and choruses within each territory,
we found that, on average, 72.0% of syllables were duets,
27.9% were choruses, and 0.1% were solos (Fig. 2a).

We found four different types of choruses, each com-
posed of three or four individuals: (1) two males and
one female (MMF; 49.6% of syllables), (2) two females
and one male (FFM; 44.9% of syllables), (3) two males
and two females (MMFF; 5.2% of syllables), and (4)
three females and one male (FFFM; 0.3% of syllables)
(Figs. 2b, 3). From the 18 territories in which at least one
chorus syllable was recorded, in 6 we observed only MMF
chorus, in another 6 only FFM chorus, and in the remain-
ing 6 we observed chorus syllables produced by three or
four individuals. Supplementary material 4 contains the
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Fig.2 The average proportion (per territory) during the breeding sea-
son of a duets, choruses, and solo syllables, and b various types of
choruses: male-male—female (MMF), female—female-male (FFM),
male-male—female—female (MMFF), and female—female—female—

dataset of manual recordings collected during the breed-
ing season.

Temporal changes in proportions of solos, duets,
and choruses across the year

We analyzed 3213 songs, containing 31,200 syllables
recorded in six recording sites during 52 recording ses-
sions across the year. The average song contained 9.7 syl-
lables (from 1 to 43). Of all syllables, 82.3% were duets,
15.8% choruses, and 1.9% solos. However, the relative
frequency of solos, duets, and choruses changed over the
course of the year (Fig. 4). See Supplementary material
5 for raw data.

Solo vocalizations

Solo songs were recorded in each of the six recording sites,
but with significant differences in the occurrence of solo
syllables over time (Wald y*=36.174; df=11 p <0.001)
(Figs. 4, 5). The highest proportion of solo syllables was
observed from August to October and in December, Janu-
ary, and April (Table 1, Fig. 4). Of the total 587 solo syl-
lables recorded, 54.9% were sung by a female and 45.1%
by a male. Female solo syllables were observed in 102
songs. In 73.5% of these, the song contained only female
solo syllables (from 1 to 12). In the remaining cases, female
solo syllables occurred within a song that also contained
duet or chorus syllables, meaning that those solos occurred
because the male did not follow the female’s syllable. Male
solo syllables were observed in 135 songs, of which 32.6%
comprised only male solo syllables (from 1 to 9). In the
remaining cases, male solo syllables occurred within a song
that also contained duet or chorus syllables, indicating that
those solos occurred because the female did not follow the
male’s syllable. The highest average proportion of solo male

b)

o
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Average proportion of syllables
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male (FFFM). Graph a is based on vocalizations recorded in 25 ter-
ritories of Chubb’s Cisticola. Graph b is based on 18 territories in
which at least one chorus syllable was recorded. Median, quartiles,
outliers, and extreme values are given are given
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Fig.3 Spectrograms showing 10
four types of choruses syllables a
recorded during the breeding
season: a two females (red) and 8 -
onemale (blue), b two males
(blue) and one female (red), ¢
three females (red) and onemale 6
(blue), and d two females (red)
and two males (blue) (color P
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Fig.4 The average number of solo, duet, and chorus syllables
across the year. Graph is based on 52 recording sessions conducted
in 6 recording sites. The average number of syllables per month per
recording session and 95% confidence interval for the means are
given. The breeding season in the study area is approximately from
November to February

syllables was observed in April, while female solo sylla-
bles were most frequent in October (Fig. 5). The proportion
of male and female solos varied between recording sites
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Fig.5 The average number of solo female and solo male syllables
across the year. Graph is based on 52 recording sessions conducted
in 6 recording sites. The average number of syllables per month per
recording session and 95% confidence interval for the means are
given. The breeding season in the study area is approximately from
November to February

(Fig. 6). We found that number of solo syllables was inde-
pendent of the time of day (Kruskal-Wallis test; df=12,
H=15.628, p=0.209).
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Table 1 Results of GEE examining the effect of time in a season
(months) on the proportion of various types of syllables

Model term B SE Wald ? daf p
Solo

Intercept 1.290 0.2062 39.157 1 0.000
January —0.425 0.3189 1.777 1 0.183
February —0.954 0.3157 9.127 1 0.003
March - 1.034 0.3412 9.186 1 0.002
April —0.391 0.3180 1.509 1 0.219
May —0.760 0.3089 6.044 1 0.014
June - 1.578 0.3738 17.817 1 0.000
July - 1.101 0.3445 10.214 1 0.001
August —0.564 0.3033 3.461 1 0.063
September - 0.597 0.3240 3.394 1 0.065
November —1.472 0.3663 16.159 1 0.000
December —0.357 0.3171 1.270 1 0.260
Duet

Intercept 4.523 0.2052 485.740 1 0.000
January —0.199 0.2904 0.470 1 0.493
February —0.244 0.2755 0.782 1 0.376
March —0.248 0.2905 0.730 1 0.393
April —0.202 0.2904 0.485 1 0.486
May —0.159 0.2755 0.332 1 0.564
June —0.105 0.2903 0.130 1 0.718
July —0.096 0.2903 0.109 1 0.741
August —0.053 0.2754 0.038 1 0.846
September —0.010 0.2754 0.001 1 0.972
November —0.004 0.2902 0.000 1 0.989
December -0.072 0.2903 0.061 1 0.805
Chorus

Intercept 3.290 0.2079 250.391 1 0.000
January —0.193 0.2946 0.429 1 0.512
February —-0.016 0.2790 0.003 1 0.953
March —0.185 0.2945 0.396 1 0.529
April —0.309 0.2797 1.220 1 0.269
May —0.499 0.2957 2.847 1 0.092
June —0.576 0.2961 3.786 1 0.052
July —0.929 0.2823 10.824 1 0.001
August - 1.519 0.3033 25.084 1 0.000
September —1.654 0.2882 32.938 1 0.000
November —1.286 0.3008 18.271 1 0.000
December - 0.829 0.2974 7.777 1 0.005

The reference category is the month with the highest average number
of syllables of a particular type of vocalization

Duets and choruses

Of a total of 25,695 duet syllables, 99.9% were between a
male and a female. However, we also found 19 duet syllables
between males and seven duet syllables between females.
The highest proportion of duet syllables was observed from
September to December (Fig. 4), but we found no significant
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Fig.6 Differences in the average number (per recording session) of
solo male and solo female syllables recorded in six recording sites
across the year. Mean values and SE for means are given

differences in the proportion of duets among months (Wald
7$=2.418; df=11; p=0.996) (Table 1; Fig. 4).

Of a total of 4918 chorus syllables, the most common
types were choruses of two males and one female (49.7%)
and two females and one male (40.4%). However, we also
found choruses of more than three individuals: two males
and two females (9.4%), three males and one female (0.5%),
three males and two females (2 syllables), and three females
and one male (1 syllable). Chorus syllables were observed in
720 songs. In 11.8% of these, the song contained only cho-
rus syllables (from 1 to 19). In the remainder of the cases,
chorus syllables occurred within a song that also contained
duet syllables, meaning that a third—and in some cases, a
fourth—individual joined some syllables within a song. We
found significant differences in the relative frequency of cho-
rus syllables among months (Wald ;(2: 87.275; df=11,300,
p <0.001), with the highest proportions observed from Janu-
ary to June (Figs. 4, 7, Table 1).
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Fig. 7 Differences in average number (per recording session) of duet
and chorus syllables recorded in six recording sites across the year.
Mean values and SE for means are given
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Discussion

In Chubb’s Cisticola, we documented interesting singing
behavior in several respects. The first is that individually
variable whistling notes were produced by females, while
males produced trilling notes (Fig. 1). In most bird species,
males produce vocalizations that are more complex than
those of females and responsible for the repertoire of song
(Catchpole and Slater 2008). Indeed, in the majority of
duetting species, the most-common patterns are whistling
notes from males and trilling notes from females [e.g.,
Yellow-breasted Boubou (Laniarius atroflavus); Wheeldon
et al. 2020] or notes that are similar in structure from both
sexes (Voigt et al. 2006; Bradley and Mennill 2009). Thus,
our finding suggests that in Chubb’s Cisticola females tend
to have vocalizations that are responsible for duet repertoire,
while males produce simpler, less variable, trilling notes
(Supplementary material 3). Two evolutionary paths may
explain such a pattern: the loss of song complexity by males,
as was observed in females in some species (Price et al.
2009), or strong selective pressure for song complexity in
females (e.g., because the vocal role of a female in territory
defense is more important than that of a male; Illes and
Yunes-Jimenez 2009). In both cases, our finding provides
new insights into the evolution of vocal complexity in
animals. However to understand why such a phenomenon
may have had the opportunity to evolve in Chubb’s Cisticola,
we need more information about the biology and ecology of
the species.

The genus Cisticola comprises 51 species (Winkler et al.
2020). In the majority of these, males sing species-specific
songs containing trills, whistles, rasping, and atonal phrases.
Some produce songs organized in a very stereotypical way
(Benedict and Bowie 2009, 2012). Of these 51 species, six
have also been reported to perform duets, and in three other
the females occasionally produce rasping sounds during
male singing, which can be classified as a simple form of
duet (Winkler et al. 2020). This in itself is not unusual,
since many groups of closely related species differ in their
song structure and social behavior [e.g., barbets (Soma and
Brumm 2020) or neotropical wrens (Keenan et al. 2020)].
Cisticola males and females are visually indistinguishable
in the field and duets are fast and complex; for this reason, it
has historically been difficult to determine which phrases are
produced by a particular sex. Indeed, in Hunter’s Cisticola
(Cisticola hunteri)—which has a song structure that is very
similar to that of Chubb’s Cisticola—two different studies
reported contrasting results with respect to the roles of males
and females in duets (Todt 1970; Thorpe et al. 1972). Both
studies did not specify how the sex of singing birds was
determined and how particular notes were assigned to an
individual. In our study, we recorded birds using a camera
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and sexed them using molecular methods, which enabled
us to unambiguously show that males produce trills while
females produce whistles. We thus suggest that it may
be time to revise our knowledge about song structure in
Chubb’s Cisticola and probably also in two other species
of duetting cisticola: Hunter’s Cisticola and the Black-lored
Cisticola (Cisticola nigriloris) (Ryan 2020).

Our song analyses point to the existence of interesting
social structure in Chubb’s Cisticola. In addition to duets,
we also observed choruses composed of three to five
individuals, as first mentioned by Thorpe et al. (1972). Both
two males and one female as well as two females and one
male choruses were observed, in similar proportions (Fig. 2).
In forming a chorus, the additional individual(s) tried to
precisely match his or her own phrases to those of the same-
sex individual (Fig. 3), which is one of the most complex
types of singing performance described in animals. In most
cases, the third individual sang along with a duet for only a
few syllables within a longer song: the vast majority of songs
that contained chorus syllables also had duet syllables, with
only 11% of such songs composed solely of chorus syllables.
Similar complex chorusing behavior, in which individuals
join in and drop out of the chorus, has also been found in
cooperatively breeding Plain-tailed Wrens (Thryothorus
euophrys) (Mann et al. 2006) and White-browed Sparrow
Weavers (Plocepasser mahali) (Voigt et al. 2006). In
Chubb’s Cisticola, the proportion of chorus syllables
increased over time until March and then started to decrease.
Assuming that most pairs breed in November—December, we
hypothesize that offspring take part in the chorus until March
and then most of them leave the natal territory, resulting in
a decrease in the frequency of choruses. A group structure
characterized by the delayed dispersal of offspring is the
most common behavior in avian societies (Hatchwell 2009).
However, the fact that we observed choruses across the
entire year (Fig. 4) suggests that some individuals may stay
longer as helpers in the natal territory. A similar pattern was
observed in the Toucan Barbet (Semnornis ramphastinus),
in which groups were composed of a breeding pair and their
offspring, and the size of the group was significantly smaller
during the breeding season than during the non-breeding
season (Restrepo and Mondragon 1998). Looking at year-
round chorusing activity in Chubb’s Cisticola, it is important
to note that the proportion of choruses depended heavily on
the territory in which the soundscape was recorded (Fig. 7).
Thus, a high proportion of choruses may also be an indicator
of breeding success or territory quality (Brunton et al. 2016).
However, further studies examining how singing in duet and
chorus is coordinated and whether coordination level is a
signal of group size and quality are still needed.

One of the most important functions of bird song is mate
attraction (Catchpole and Slater 2008). In duetting species,
intensive solo singing could be an advertising signal that
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communicates the mating status of the signaler (Topp
and Mennill 2008). In Chubb’s Cisticola, we observed
solo singing extremely rarely—only in 2% of year-round
syllables. Such a low solo rate may indicate that pair
bonding is a continuous process, in which nomads or
helpers take over the position of one of the pair members
after its death (Riehl 2013). Alternatively, a high number
of nomads or helpers waiting for a vacant territory within
a population may support such low solo singing activity.
Looking at male and female solo activity, we found a
striking difference between the sexes: 33% of songs with
male solo syllables were composed only of such syllables,
while the corresponding percentage for females rose to 74%.
This means in the majority of songs with female solos, a
male does not join in, which could suggest a leading role
for females in acoustic territory defense (Illes 2015).
Throughout the year, we also observed contrasting patterns
of male and female solo activity. Females produced more
solo syllables than males before and during the breeding
season (September, October, December), while males
produced more solo syllables than females after the breeding
season (February and April) (Fig. 5). This could be an
indication of sexual conflict between males and females
and seasonal sex-specific variation in motivation to follow
a mate’s song. However, it is important to note that the year-
round proportion of male and female solo syllables varied
strongly among territories (Fig. 6). Thus, the general pattern
of solo singing activity seems to be strongly modified by
random events taking place in particular territories.
Cooperative defense of resources is thought to be the
main function of coordinated acoustic displays in birds
(Tobias et al. 2016). Our study showed that in Chubb’s
Cisticola territories were defended acoustically year-round,
in most cases by two or more individuals (only 3.7% of
songs contained only solo syllables). At the same time,
year-round coordinated duets and choruses may also serve to
maintain long-term pair bonds or signal the quality of a pair
or group (Hall 2009). The precision of a coordinated duet
or chorus may be a reliable means of signaling information
about a group’s size, experience, or quality to other groups
(Hall and Magrath 2007). Other putative functions of duets,
such as maintaining contact and mate or paternity guarding,
are unlikely in Chubb’s Cisticola. Both of these hypotheses
assume that duetting individuals respond to each other in
order to confirm their presence within the territory (Hall
2004). Although the intensity of response depends on the
progression of the breeding stage (Topp and Mennill 2008),
in these scenarios, communicating individuals are generally
far away from each other, at least at the initial part of the
duet (and thus have the need to confirm their presence). In
Chubb’s Cisticola, individuals start singing a duet or chorus
only when they are very close together. Such behavior
suggests that maintaining contact is not the function of duets

or choruses (Hall 2009) in Chubb’s Cisticola. However, to
better understand the function of solos, duets and choruses
in Chubb’s Cisticola, an experimental study involving a
playback which examines the response of birds to various
kinds of vocalizations in different contexts is needed.

Our study reveals the importance of looking at singing
behavior on a broad temporal scale, especially in sedentary
species. Here, a study focused only on the breeding season
would have underestimated solo singing activity and
completely missed the production of solo syllables by males.
Moreover, by analyzing changes in the relative frequency
of solos, duets, and choruses across the year we were able
to see patterns which would have remained undetected in
a survey conducted over a short period of the breeding
season. Duets and choruses observed year-round suggest that
coordinated singing is used primarily for resource defense.
The other singing behaviors observed—cooperative singing
only between individuals that are physically close and the
relative rarity of solo songs—make other functions of duets
and choruses, such as maintaining contact or paternity
guarding, unlikely in Chubb’s Cisticola. However, to better
understand the function of solos, duets and choruses in
Chubb’s Cisticola more detailed studies are needed.
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