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The vocal repertoire is a tool that can be used to support systematics, conserva-
tion, ecology and behavioural studies. We characterize the acoustic parameters of
the vocal repertoire of the white-bibbed antbird (Myrmeciza loricata) and describe
the possible functions of each vocalization. The male’s song is related to territorial
defence, and we found three calls in the repertoire. Call I is an alarm call, and call
II is used for mutual recognition and remaining in contact with one another. Call
III was emitted when the animals were foraging and when the individuals of the
couple were very near to each other. Males and females sing as a duet, and their
songs were individually distinct. The duet is possibly related to maintaining the
pair bond, synchronizing breeding and warning potential intruders of the mated
condition of the pair. This work is the first to describe the vocal repertoire of the
white-bibbed antbird.
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1. Introduction

The vocal repertoire of a species provides valuable information for understanding
species behaviour, as a particular communication signal should correspond to a
behaviour aimed at survival (Marler 2004; Vielliard and Silva 2007).

Data on the ontogeny and intra-specific sound communication of Passeriformes is
primarily focused on oscine members (Scott and Lein 2004). However, the vocal
characteristics of the Suboscines are generally used as an important taxonomic
parameter, and studies on this group may elucidate the factors that contribute to
their vocal behaviour (Johson et al. 1999; Helbig et al. 2002).

Thamnophilidae, which consists of mainly insectivorous species, is one of many
bird families that inhabit the Atlantic Forest and is one of the most important
families of the Neotropical avifauna (Skutch 1996). Therefore, Thamnophilidae is
commonly included in inventories of the most important families of neotropical birds
in forests that are closer to the equator (Bierregaard Jr and Lovejoy 1989; Stouffer
and Bierregaard 1995).
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The species Myrmeciza loricata is approximately 14.5 cm in length and inhabits
the Atlantic Forest of Brazil in the states of Bahia, Minas Gerais, Espirito Santo, São
Paulo and Rio de Janeiro (Ridgely et al. 1994; Sick 2001). Myrmeciza loricata couples
walk on the forest floor searching for arthropods and apparently do not join mixed
flocks (Sigrist 2006). Males have a wide and prominent white superciliary and buff
spotting on the greater-coverts. The sides of the head and upper throat are black; they
have a white bib with a band of black on their lower throat and white-tipped feathers
across their chest. Females are similar in appearance to males, except they have an
ochraceous throat and olivaceous mottling on the side of their breast (Ridgely et al.
1994). Studies on species of the family Thamnophilidae have investigated several
aspects of Thamnophilidae vocalization, such as using vocalizations by eight syntopic
species to establish limits between these species (Isler et al. 1998); determining the
vocalizations, behaviour and distribution of Cercomacra carbonaria and possible
relationships with other species within this group (Zimmer et al. 1997); comparing
male and female Hylophylax naevioides songs to evaluate the differences between
individuals (Bard et al. 2002); evaluating differences in the vocal features of
Myrmeciza laemosticta laemosticta and Myrmeciza laemosticta palliata to determine
whether these species are distinct (Chaves et al. 2010); describing the vocal repertoire
of Myrmeciza disjuncta (Zimmer 1999); examining Percnostola leucostigma saturata
vocalizations for studies of speciation (Braun et al. 2005); and examining
Myrmotherula brachyura ignota vocalizations for taxonomic studies (Isler and Isler
2003). Vocal features are also used in studies of variation within and between groups
in the same geographical region (Lovell and Lein 2004; Gonzáles and Ornelas 2005;
Isler et al. 2005) and in sexual selection studies (Seddon et al. 2008).

Here, we describe the acoustic parameters of the vocal repertoire of the white-
bibbed antbird (Myrmeciza loricata) and investigated the functions of its song and
calls.

2. Material and methods

2.1. Study area

The white-bibbed antbird was studied at Poço D’Anta Biological Reserve
(21°44ʹ58.79″S, 43°19ʹ7.09″W), located at the city of Juiz de Fora, Minas Gerais,
Brazil. The reserve consists of approximately 277 ha of Atlantic Forest (Figure 1).

2.2. Field methods

The fieldwork was done from June 2010 to May 2011 and consisted of 1 day of
sampling per week throughout the study period. The entirety of the forest was
searched for individuals through an active search.

Vocalizations were recorded with a Zoom H4n digital portable recorder and a
Yoga HT 81 unidirectional condenser microphone. Each vocal event was registered
on a spreadsheet, and the geographical position associated with it was obtained using
a Garmin eTrex H GPS device. When it was possible to see the individuals, we also
registered their behaviour.

The sampling was carried out for 6 hours each sampling day, divided into the
following periods: in the first and third weeks of the month, we recorded vocal events
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from 06:00 to 12:00. In the second and fourth weeks of the month, we recorded vocal
events from 12:00 to 18:00. Hence, we sampled the area for 24 hours each month.

2.3. Acoustical procedures

The recordings were digitized at a sampling rate of 44.1 KHz at 16-bit resolution. We
used Raven Pro. 1.3 (Cornell Laboratory of Ornithology, New York, NY) to produce

Figure 1. Study area – map and location of the Poço D’Anta Biological Reserve, Juiz de Fora,
MG, Brazil.
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the sonograms (window size: 512 samples; window type: Hann; overlap: 60%; hop
size: 205 samples). The following acoustical parameters were used to describe the
vocal repertoire:

(1) Minimum frequency (Hz): lower frequency bound of the selection.
(2) Maximum frequency (Hz): upper frequency bound of the selection. The

selection was made from the beginning of the first note to the end of the
last note in each phrase. For vocalizations that did not form phrases, the
selection was made from the beginning of the note to its end. The maximum
and minimum frequencies were respectively measured in the upper and lower
bounds in the selection (Figure 2).

(3) Bandwidth (Hz): the difference between the maximum and minimum
frequencies.

(4) Centre frequency (Hz): the frequency that divides the selection into two
frequency intervals of equal energy.

(5) Dominant frequency (Hz): the frequency with the highest energy within the
selection.

(6) First quartile frequency (Hz): the frequency that divides the selection into two
frequency intervals containing 25% and 75% of the energy in the selection.

(7) Third quartile frequency (Hz): the frequency that divides the selection into
two frequency intervals containing 75% and 25% of the energy in the
selection.

(8) Number of notes: the number of notes in the selection. A note was defined as
an unbroken trace on a spectrogram (Slabbekoorn 2004).

(9) Phrase/note duration (s): the time from the start of first note to the end of last
note. A phrase was defined as a sequence of notes. We measured the note
duration when the vocalizations did not form phrases.

(10) Note rate (note/s): number of notes per time duration.

Figure 2. Bounds of the selection to determine the beginning and end of the phrase and the
maximum and minimum frequencies.
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(11) Inter-phrase/note duration (s): the time elapsed from the end of the last note
of a phrase to the beginning of the first note of the following phrase, also
known as the silent interval. In vocalizations in which notes did not form
phrases, the measure used was the inter-note duration.

2.4. Statistical procedures

We calculated the minimum, maximum and mean values of all acoustic parameters
for each recording (vocal event). Vocal events of the same vocalization from the same
individual were measured together when the vocal events were emitted consecutively.
The mean and standard deviations of the minimum, maximum and mean for each
type of vocalization recorded were calculated.

3. Results

We obtained 32.50 h of audio recordings. We found three types of calls and one song
in the vocal repertoire of M. loricata. Individuals were observed walking on the forest
floor and often perched on shrubs and fallen trunks.

3.1. Songs

We analysed 2816 song phrases, of which 2801 were produced by males (n = 96) and
15 were produced by females (n = 6). The male songs comprised two different notes
emitted alternately with two harmonics. Both note structures presented an upward–
downward modulation (Figure 3A). We observed males singing in an undefined
context, while foraging and when other males sang. Often, the male song caused a
response from other males in the neighbourhood.

We observed females singing with males, indicating duets. We found that male
and female songs were individually distinct and sex specific. The female song com-
prised two different notes with harmonics (first harmonic) and exhibited an upward–
downward modulation. The female song notes were sung in two different ways: the
notes were emitted alternately or the female emitted a trill at the beginning of the
phrase (Armstrong 1963; Ritchison 1988). The trill notes varied, with a mean
of 4.66 ± 0.58 notes. The song phrases of males and females also overlapped
(Figure 3B–D). All duets were initiated by males; the females did not produce loud
songs in isolation from their partners. Females produced songs in response to their
partners when they were near or far from the male and if the couple approached one
another. At the time of the meeting, the male ruffled his feathers, remained in front of
the female and moved his tail upward.

3.2. Call I – alarm

We analysed 3005 call I – alarm phrases (n = 61 individuals). This call was produced
when the observer approached places where other individuals were located. The call
I – alarm can be described as a series of pulses (Figure 4).
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3.3. Call II

This call can be described as notes produced singly or in phrases. We analysed 2189
notes and 53 phrases (n = 40 individuals). This call was produced by males and
females and was not individually distinct or sex specific. The birds produced this call
when they were near each other (e.g. when the couple was walking on the forest floor
together) or when they were distant from each other, in which case the couple
approached one another or maintained their distance but continued vocalizing. This

Figure 3. Sonograms of the songs and duet of Myrmeciza loricata. (A) Male song. (B) 1-male
phrase song, 2-female phrase song with alternated notes. (C) 1-male phrase song, 2-female
phrase song with initial trill followed by alternated notes. (D) 1-male phrase song, 2-male and
female overlapped phrases song.
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call was also observed during flight, in which case it was produced in phrases. The
note can be described as one modulation, upward and strongly downward with rapid
modulations (wheezing quality) and harmonics (first harmonic and second harmonic)
(Figure 5).

3.4. Call III

This call can be described as several kinds of notes produced singly or in phrases. We
analysed 114 notes and 21 phrases (n = 15 individuals). We observed this call to be
produced when males foraged and when males approached females.

The different patterns of notes are described as follows:

(1) Note “C” (n = 43) consisted of an upward–downward inflection with harmo-
nics (first harmonic). This note was produced singly or between songs, call I
(alarm) or call II phrases (Figure 6).

(2) Notes “D + E” (n = 10) consisted of one inflection with no harmonic. These
notes were always produced together, but they were isolated from other types
of vocalizations (Figure 7A).

(3) Note “F” (n = 11) consisted of three inflections and no harmonic. This note
was produced singly or in phrases (Figure 7B).

(4) Note “G” (n = 22) consisted of two inflections and harmonics (first harmonic,
second harmonic and third harmonic) and was produced singly (Figure 7D).

Figure 4. Sonograms of the call I (alarm) of Myrmeciza loricata. (A) Rattle phrases sequence.
(B) Zoom showing the series of vertical tick notes.
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(5) Note “H” (n = 17) consisted of three inflections and no harmonics. This note
was produced singly (Figure 7E).

(6) Note “I” (n = 23) consisted of three inflections and harmonics (first harmo-
nic), and it was produced after call II (Figure 7C).

(7) Note “J” (n = 9) is a downward note with no harmonic. This note was
produced between call II notes (Figure 7F).

Table 1 presents data describing the acoustical parameters of all of the vocalizations,
and Table 2 presents data describing the acoustical parameters of each kind of call III
note.

4. Discussion

This is the first work to describe the vocal repertoire and duets of M. loricata. The
vocal repertoire of M. loricata described in this paper consists of simple songs and
calls. Several studies with other species of the family Thamnophilidae have also

Figure 5. Sonograms of the call II of Myrmeciza loricata. (A) Sequences of phrases and notes.
(B) Notes emitted singly. (C) Notes emitted in phrase during the flight. (D) Note showing
strongly down-slurred rapid modulations (wheezing quality).
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described repertoires with the same design (Willis 1968, 1972, 1982; Willis and Oniki
1972, 1981).

The song of the white-bibbed antbird is simple and most often triggered by
other individuals in the neighbourhood, which suggests that this vocalization
carries a specific message of territorial defence. We found that the notes of the
white-bibbed antbird song consist of one modulation, as was previously found by
Willis (1972) in his study of the repertoire of Spotted antbirds (Hylophylax
naevioides). The call I – alarm consists of a rattle and was emitted when the
observer approached the place where the individuals were located. In
H. naevioides, Willis (1972) also described the same rattle design in this kind of
call; in accordance with the results obtained by this author, this call was

Figure 6. Sonograms of the note “C” (call III) of Myrmeciza loricata. (A) Note “C” emitted
singly. (B) Note “C” emitted with call I (alarm). (C) Note “C” emitted with male song. (D)
Note “C” emitted with call II.
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produced when large animals and humans were seen and when the observer
walked through the woods.

Call II consists of first and second harmonics and was produced singly or in
phrases. Willis (1972) described call notes with a design similar to that which we
found for call II, in terms of the note shape, the number of harmonics and being
produced singly or in phrases. Myrmeciza loricata emit call II in two behavioural
contexts. In the first context, a couple is near to each other or distant from each other
(in which case the couple may approach one another) indicating that this vocalization
may be related to communication and contact within the pair. In the second context,
the male white-bibbed antbird emits call II during flight. In contrast, H. naevioides
emits this call during imminent danger such as when a hawk approaches, and during
flight.

We observed that call III – C was emitted when a couple approached one another
and during foraging. Willis (1972) described similar notes that were also emitted when
males and females approached each other and during copulation. Moreover, the same
behaviour that we observed in the white-bibbed antbird was observed in
H. naevioides: the male ruffled his feathers and kept singing while remaining in
front of the female. In the same work, the author reported that the male could
alternate this call with song, which we also observed in the white-bibbed antbird as
a way of maintaining the bond between the couple.

Willis (1968), in his behavioural study of Lunulated and Salvin’s antbirds
(Gymnopithys lunulatus and Gymnopithys salvini), described calls similar to call I of
the white-bibbed antbird, which were also emitted when the animal was disturbed by
the observer or by other animals. Similar notes to call III – C were found in the same
work. These notes were also emitted when the couple approached each other and
during feeding. In addition, the author described for both species a similar

Figure 7. Sonograms of other notes (call III) of Myrmeciza loricata. (A) Notes “D + E”. (B)
Note “F”. (C) Note “I” emitted with call II. (D) Note “G”. (E) Note “H”. (F) Note “J”
emitted with call II.
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vocalization to call II of the white-bibbed antbird, which was emitted when the
animal was alert. Willis (1982) described other alarm calls that Scale-backed antbirds
(Willisornis poecilonotus) used in response to the presence of large animals and
humans. We found that M. loricata sometimes emitted call III – C and songs
together. Willis and Oniki (1972) described a similar call in the Chestnut-backed
antbird (Myrmeciza exsul), which was emitted by males after singing or when he
approached a female or fed her. The same authors, in 1981, described a similar alarm
call in the slender antbird (Rhopornis ardesiaca), which is used to alert other indivi-
duals to the presence of potential predators.

It is therefore likely that the alarm calls and calls with notes equivalent in design
to call III – C of M. loricata are an ancestral feature or have converged in the family
Thamnophilidae in response to the presence of large animals and humans and during
courtship behaviours, respectively. Vocal properties have a genetic basis, and vocal
similarities between species may depend upon their phylogenetic relatedness (Price
and Lanyon 2002; Päckert et al. 2003; Miller and Baker 2009). The physical environ-
ment shapes the properties of vocal signals (McCracken and Sheldon 1997), and
similarities may result from convergence (Seddon 2005; Nicholls and Goldizen 2006).
Additionally, the properties of vocal signals vary with their signalling context as well,
resulting in homoplasy in vocal traits that serve specific functions in specific acoustic
environments (Marler 1955).

The structure of the acoustic call is crucial for the optimal performance of the
call’s function. Calls with a wide bandwidth that are produced faster and in series are
easier to locate than are those with narrow bandwidth and fewer repetitions.
Likewise, high frequencies reach smaller distances and present a reduced active
space (Marler 2004). In view of these features, call II, in contrast to the other calls
we observed, appears well adapted to perform the function of communication and
contact within a pair. The narrow bandwidth and lower frequency emission of this
call is difficult to locate and enlarges the active space to ensure effective information
exchange between the mates, especially when they are distant from each other
(Marler 2004).

Call I – alarm consisted of a wide bandwidth rattle, so presenting a signal with a
smaller active space that is easier to locate. In accordance with Marler (2004), the
design of this call allows the call to fulfil its role well by providing clear information
quickly. After the alarm call is emitted, predators may be discouraged because the
signaller reduces the probability of the attack by showing that the predator has been
detected and its attack is no longer unexpected. In addition to informing individuals
of the presence of danger, this type of call can indicate the exact location of danger,
thereby encouraging escape or notifying the signaller’s mate to remain hidden and so
increasing the chances of protecting the individual’s family group.

Call III consisted of a narrow bandwidth and low-intensity emission, which may
be favourable during foraging and interactions between the couple because the
individuals could be very susceptible to attack by predators in both of these
situations.

Contact calls are used by species that live in denser habitats and identify the
individuals of a social group or a couple during the breeding season (Marler 2004). As
mentioned previously, it is possible that call II provides specific recognition between
males and females because the couple responded to each other even when far from
one another. We found that call II was also emitted during flight, but in this case, the
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notes were produced in phrases. In accordance with Constantine and The Sound
Approach (2006), different acoustic features in the structure of a call can be used to
discriminate between different functions in different behavioural contexts. Moreover,
many species use contact calls during flight, modifying the temporal structure. Many
finches do not present a call dedicated primarily to maintaining contact, but they
often use forms of the flight call, differing in tempo and loudness, for both contact
and separation (Marler 1956). Therefore, the emission of the notes of call II in
phrases constitutes a flight call.

Call III consisted of different notes emitted at low intensity during foraging and
courtship behaviours. Sounds that can be described by a variable structure are simple
variations of the same signal with the same biological function (Smith 1996; Vielliard
and Silva 2007). Low intensity emissions could minimize the detection of individuals
(Nunes and Betini 2002), and therefore, this feature appears advantageous during
foraging and courtship behaviours, as we observed for the white-bibbed antbird. Calls
with multiple functions were observed in other studies. Brown (1964) and Hope
(1980) described an alarm call of Steller’s jay of North America that is given when
an intruder approaches on the ground or for other sudden alarming events. This call
also serves as a short-range flight call, a distance contact signal and an agonistic call
used in close range interactions between two jays.

Sometimes calls used as separation signals (a call used to separate members of a
flock, a family or a mated pair) are borrowed from another context, such as flight or
alarm. Marler (1956) studied crossbills that give a burst of loud flight calls when they
drift apart while foraging, attracting companions and eliciting replies. Chaffinches
separated from the winter flock give another call that also has other functions, for
example, predator mobbing.

In general, we found a relationship between the structure and function of calls.
The type of call given in a particular situation obviously varies with the degree of
danger and the vulnerability of the caller and its companions (Klump and Shalter
1984). It is important to take account of what an actual listener can hear because the
active space of a call varies, depending on who is listening. The acoustic structure of a
call itself is critical; generally, the lower the pitch is, the further a sound travels (Wiley
and Richards 1982; Larom et al. 1997).

There are many factors that contribute to call design (Morton 1975; Wiley and
Richards 1978, 1982; Hope 1980; Bradbury and Vehrencamp 1998;Morton et al. 1998;
Marler 2004). Such a “perfect alarm call” would be a narrowband, pure tone, pitched
high enough so that it does not travel far, so limiting the active space. Jurisevic and
Sanderson (1994) described the alarm calls of Australian passerines in response to flying
predators as being narrower, relatively higher-pitched, shorter, louder and often more
repetitive than the hawk calls of North American and European species. What is ideal
for one species may be less so for another, even a close relative, if it has a different
lifestyle. Sometimes two phylogenetically more distant species have alarm calls that are
structurally more similar than those of two closely related species if the former share a
similar environment and the latter do not (Marler 2004).

Another highly specialized signal is the distress call given when a bird is held in
the grip of a predator. These calls are often piercingly loud, with a harsh tone and
with the frequency adjusted for long-range transmission (Matheoven et al. 1997). The
structure of this call appears to be rather narrowly constrained by the function it
serves (Conover 1994; Wise et al. 1999). Additionally, Rowley and Russel (1997)
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correlated a contact call of Australian fairy-wrens with its structure: narrow-band,
high-pitched, short duration and short-range calls are likely to be audible only over
short distances so are less likely to betray a bird’s location to a predator. The acoustic
structure of bird calls is due to natural selection and is often highly adapted to their
function. Selection to maximize the active space is reflected in adjustments of acoustic
structure and calling behaviour. Adaptations to facilitate or hinder call localization
are frequent. There are selection pressures that favour species specificity in a bird call;
specifically distinctive signals provide a particular facilitation of communication
between members of the same species and group (Marler 2004; Slabbekoorn 2004).

We found that males and females sang in duets, often with overlapping phrases.
Farabaugh (1982) defined a duet as a union of acoustic displays in which two birds
coordinate their songs with some degree of temporal precision. Hall (2004), based on
this concept, defined a duet as a linking of vocalizations emitted by paired indivi-
duals. This author presents some hypotheses that are most likely to provide broadly
applicable explanations of the function of duets: avoiding being usurped from part-
nership (advertising own mated status to same-sex outsiders), preventing partner
being usurped from partnership (advertising partner’s mated status to opposite-sex
outsiders), initiating a joint resource defence (collaboratively displaying to outsiders
in defence of territory or other resources) and signalling commitment (singing in a
duet to indicate willingness to invest and elicit reciprocal investment from partner,
which may be used deceptively if partners are in conflict over relative levels of
investment).

White-bibbed antbird males always initiate the duet and sing more frequently.
This observation is in agreement with many studies of other species of the family
Thamnophilidae. For example, a study by Seddon and Tobias (2005) determined that
warbling antbird (Hypocnemis cantator) females rarely sing in isolation and primarily
sing in response to males. Zimmer et al. (1997) found that the Rio Branco antbird
(Cercomacra carbonaria) duet is initiated by one or more male phrases; only after the
initial male phrases does the female vocalize. Willis (1972) described males and
females of the Spotted antbird (Hylophylax naevioides) singing in duet; when far
from each other, the female sang in response to a male.

As we found in M. loricata, Bard et al. (2002) noted differences between the songs
of male and female Hylophylax naevioides. These differences may indicate the sex of
the intruder to the couple, and this information will probably be crucial in strategies
involving territorial defence.

The vocal repertoire of M. loricata is similar to the repertoire of other species of
the family Thamnophilidae, especially when considering the design of the calls.
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