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ABSTRACT
Our current knowledge of the vocal behaviour of Palaeognathae is 
limited, although it may increase our understanding of the evolu
tion of avian vocal behaviour. The Greater Rhea (Rhea americana) 
has a complex syrinx, and males produce guttural sounds during 
the courtship display, which makes this species an interesting 
model to study vocal behaviour in ratites. We recorded a group of 
Greater Rheas living in semi-captive conditions at the zoo of the 
UFMT for eight days. A total of 749 booming calls were detected. 
The vocal activity of the Greater Rhea was maximum during the first 
four hours after sunrise, with a second peak before sunset. The 
species showed nocturnal vocal activity, as also found in a recent 
study on a diurnal tinamou. The number of vocalising birds during 
the recording period was unknown, and our data were collected 
during a restricted time window. Our results suggest that acoustic 
communication and nocturnal activity of the species might be more 
relevant than previously described. Passive acoustic monitoring 
may have further implications for the continued study of vocal 
activity in ratites. Further research should examine whether the 
vocal behaviour and nocturnal vocal activity of the Greater Rhea 
are also important in wild individuals.
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Introduction

Birds use acoustic signals as their main communication system, and these signals play an 
important role in mate attraction and territorial defence and maintain group contact or 
signalling about food or danger (Catchpole and Slater 2008). Studies on the vocalisations 
in Palaeognathae, the most ancient lineage of birds, are very scarce despite their interesting 
basal evolutionary position (but see Corfield et al. 2008; Digby et al. 2014; Pérez-Granados 
et al. 2020). The Palaeognathae is a monophyletic group of birds composed of the flightless 
ratites and the volant tinamous (Johnston 2011). The ratites are large terrestrial herbivores 
that include rheas, ostriches, emus, cassowaries, and kiwis (Davies 2002). Among them, 
the Greater Rhea (Rhea americana, hereafter rhea) is the largest bird of South America and 
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is native to the Chaco and the Cerrado of northeast Argentina, east Bolivia, Brazil (south of 
the Amazon Valley), Paraguay and Uruguay (Hodes 2020). With the exception of the 
kiwis, the ratites are diurnal and silent birds for which nocturnal and vocal activity have 
been rarely reported (Davies 2002, see diel activity of the rhea in Mercolli and Yanosky 
1994; Sales et al. 2000; Oliveira-Santos and Tizianel 2008).

The rhea male is polygamous, and it is the only sex that incubates the eggs and takes 
care of the nestlings (Davies 2002; Fernández and Reboreda 2003). The nestlings are 
vocally active and may employ several context-specific calls but lose most of their ability 
to vocalise a few weeks after hatching due to trachea deterioration (Beaver 1978), which 
makes adult rheas very silent (Sick 1993; Hodes 2020). However, during the courtship 
display, rhea males produce a low-pitched, intense guttural sound composed of two 
syllables that can be audible at great distances (>1 km, Codenotti and Alvarez 2001; 
Hodes 2020, Fig. 1). Picasso and Carril (2013) stated that the syrinx, the organ respon
sible for producing vocalisations in birds, has a more complex morphology in the 
rhea than that in other Palaeognathae. However, despite its complex syrinx and the 
known vocalisations of the species, the vocal behaviour of the rhea has been little studied 
(see Mercolli and Yanosky 1994). It is an interesting species to study and may contribute 
to a better understanding of the evolution of vocal behaviour in birds (Corfield et al. 
2008; Picasso and Carril 2013).

Here, we employed passive acoustic monitoring coupled with automated signal 
recognition software to create a thorough description of the vocalisation and the vocal 
behaviour of the rhea. We aimed to (1) assess the effectiveness of passive acoustic 
monitoring for monitoring the vocal behaviour of the rhea, (2) perform a detailed 
description of the vocalisation (booming call) of the species, and (3) describe the diel 
pattern of booming activity of the rhea.

Figure 1. Audiospectrogram (frequency range, Hz) of the booming call of a Greater Rhea (Rhea 
americana) recorded on 30 July 2019 at UFMT Zoo (Cuiabá, Mato Grosso, Brazil). The booming call was 
recorded using a Song Meter SM2 at 6:37 a.m. The figure was created using Raven Pro 1.5 and 
following the same configuration as described in the methods (Jet Black color scheme).
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Material and methods

Study area

The study was carried out at the zoo of the Federal University of Mato Grosso (UFMT), 
which has an extension of 12 ha and is located within the campus of the UFMT in Cuiabá 
(Cuiabá, Mato Grosso, Brazil; 15°36′26″ S, 56°03′55″ W). The study area was located at 
the lake in the zoo, where a group of three adult males and eight adult females lived in 
a semi-captive area (Navarro and Martella 2002) in an enclosed area of 2 ha, which was 
shared with a small group of capybaras (Hydrochaeris hydrochaeris) and Brazilian tapirs 
(Tapirus terrestris) (see Supplemental Material S1). The lake is commonly used by wild 
birds for feeding and roosting, such as Black-bellied Whistling Ducks (Dendrocygna 
autumnalis), Wood Storks (Mycteria americana), and Great Egrets (Ardea alba), among 
others. In previous years, the species attempted to breed with some rhea females laying 
their eggs on nests built by the male, although the reproductive cycle was artificially 
interrupted. The regional climate is tropical and humid; the average annual rainfall is 
1,000–1,500 mm, and the mean annual temperature is ~24°C.

Acoustic recording

We placed one Song Meter SM2 recorder (Wildlife Acoustics, USA, www.wildlifeacous 
tics.com) close to the middle of the lake at 3 m height attached to trees (see Supplemental 
Material S2). Previous studies have stated that the effective detection radius of the Song 
Meter SM2 recorder is approximately 150–160 m (Rempel et al. 2013; Pérez-Granados 
et al. 2019a). The distance at which recorders are able to record bird vocalisations varies 
among studies according to habitat type and main frequency of bird vocalisations (Yip 
et al. 2017). However, due to low-frequency sounds uttered by the rhea and the open 
habitat of the surveyed area (see Supplemental Material S1), most of the booming calls 
uttered within the enclosed area should have been detected. The recorder was pro
grammed to record continuously (files of 30 min) in stereo and .wav format from 
28 July to 4 August 2019 and was configured with a sampling rate of 48 kHz and 
a resolution of 16 bits per sample. The monitoring period corresponded to the main 
mating period of the species in southern Brazil (Codenotti and Alvarez 2001; de Azevedo 
et al. 2010). The zoo has been closed to the general public since March 2019, and 
therefore vocal behaviour of the rhea should not have been biased because of the presence 
of visitors.

Acoustic data analyses

The left channel of the recordings was analysed using Kaleidoscope Pro 5.1.9 automated 
signal recognition software (Wildlife Acoustics, www.wildlifeacoustics.com). 
Kaleidoscope is able to detect a target signal from the signal parameters introduced. 
The signal parameters introduced for detecting the GR vocalisations were as follows: 
minimum and maximum frequency range of 0 and 500 Hz, respectively; minimum and 
maximum length of detection of 0.7 and 3 s, respectively; maximum inter-syllable gap of 
1 s and maximum distance from the cluster centre of 2.0. The last parameter ranges from 
0 to 2 and has an impact on the number of events detected. The larger the value of this 
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parameter, the larger the number of events detected by Kaleidoscope, including correctly 
and misclassified signals (see Pérez-Granados et al. 2020 for a quantitative analysis, also 
using a ratite as the study model, of the number calls detected and the precision of 
a recogniser using variable values of the maximum distance from the cluster centre 
parameter). Kaleidoscope reported a series of candidate sounds that match the signal 
parameters introduced. All candidate sounds were visually and/or acoustically checked 
by the same observer (GPG) to remove misclassified events.

To evaluate the effectiveness of passive acoustic monitoring when coupled with 
automated signal recognition software, we estimated the recall rate of the recogniser, 
which was obtained by dividing the total number of rhea booming calls detected by 
Kaleidoscope by the total number of booming calls within the recordings (see complete 
theory in Knight et al. 2017). The number of booming calls within the recordings was 
annotated after visually and acoustically checking 45 30-min recordings (22.5 hours) 
from the two following categories: A) 30 recordings randomly selected from those 
recorded between 5 a.m. and 10 a.m (period of maximum booming activity of the 
species); and B) 15 recordings randomly selected from those made between 11 a.m and 
4 a.m (afternoon and nocturnal recordings). Recordings were reviewed blind with respect 
to the date of recording and whether the species had been detected by Kaleidoscope.

Booming call measurement

When checking the candidate sounds in Kaleidoscope, a total of 40 high-quality booming 
calls (no background noise, no rain, no wind) were labelled. The acoustic parameters of 
the 40 booming calls were measured using Raven Pro 1.5 software (Bioacoustic Research 
Program 2014) with the following configuration: Hamming window function; 72% 
brightness; 80% contrast; 512 point DFT size, and 50% time grid overlap. The following 
spectral traits were measured from spectrograms: dominant frequency (with the peak 
frequency measurement function); low and high frequency (frequency 5% and frequency 
95% functions) and bandwidth (bandwidth 90% function). The booming call duration 
was measured from the oscillogram. We did not include the description of the booming 
rate (number of booming calls per unit of time) since we could not be sure about whether 
the recorded booming calls were uttered by the same or different males. Acoustical 
measurements are presented as the mean ± standard deviation and the range (minimum 
and maximum values for all booming calls) for all booming calls pooled.

Statistical analyses

To assess how constant the vocal activity of the rhea was during the monitored period, we 
created curves of the coefficient of variation (Reed et al. 2002) (CV hereafter) of the daily 
booming rate for all possible combinations from 1 to 7 monitoring days (see complete 
theory in Pérez-Granados et al. 2019b). To obtain all possible combinations of monitor
ing days, we used the package ‘gtools’ (Warnes et al. 2018) in R 3.6.2 (R Development 
Core Team 2019).
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Results

A total of 3,450 candidate sounds were found by Kaleidoscope Pro, of which 749 were 
classified as booming calls of the rhea. The species was detected on the eight monitored 
days with a mean daily number of calls detected of 93.6 calls. The recall rate of the 
recogniser was 86.9%, since it was able to detect 153 of the 176 booming calls annotated 
in the 45 recordings of the validation data set.

Booming call of the Greater Rhea

The booming call of the rhea had a mean duration of 1.017 ± 0.149 s (0.743–1.315) and 
was uttered in a narrow, low-frequency band (Fig. 1). The dominant frequency was 
123.4 ± 9.9 Hz (62.5–125), while the lowest and highest frequencies were 62.5 Hz (in all 
cases) and 176.5 ± 30.6 Hz (125–187.5), respectively. The mean bandwidth of the 
booming call was 114.1 ± 24.1 Hz (62.5–125).

Vocal behaviour

The diel pattern of the booming activity of the rhea showed a bimodal pattern, with the 
first peak of activity in the first hours before and after sunrise, since 43.6% of the total 
number of booming calls (N = 311) were detected between 6 a.m. and 9 a.m. (Fig. 2). 
A second peak of booming activity occurred between 2 and 4 p.m., when 26.9% of the 
booming calls (N = 204) were detected (Fig. 2). The species vocalised throughout the day 
and even showed nocturnal booming activity, with 7.2% of the booming calls (N = 55) 
detected after sunset and before sunrise (between 7 p.m. and 4 a.m., Fig. 1). Our 
assessment showed that the booming activity rate of the species was relatively constant 
during the study period, with a CV close to 60% among monitored days. The CV 
decreased by approximately 20% during four monitored days (Fig. 3).

Discussion

The present study provides a detailed description of the vocal behaviour of the rhea (see 
also Mercolli and Yanosky 1994) and is one of the first studies on the vocal behaviour of 
any ratite, excluding kiwis, the most vocal of the ratite species (Davies 2002, see studies 
on kiwis in Corfield et al. 2008; Digby et al. 2013, 2014; Dent and Molles 2015). Here, 
we also provide the first thorough description of the spectral and temporal structure of 
the booming call of the rhea, which might be useful for future studies on the species and 
to understand how the communication system of the rhea evolved. The booming call 
was produced at a very low frequency (dominant frequency of 123 Hz) as were the low- 
frequency sounds described for two species of cassowaries (Casuarius spp., Mack and 
Jones 2003). Low-frequency sounds are expected to experience low degradation and 
propagate over long distances with minimal attenuation, which may be a good strategy 
for communication between distant groups of rheas in tropical habitats (Marten and 
Marler 1977), such as the Cerrado and the Chaco where the rhea lives (Hodes 2020).

According to our few direct observations of individuals vocalising during the study 
period (c. 30 observations), the booming call was produced by only rhea males (at least 
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two of the three males were vocally active during the study period) and was not 
specifically directed at any sex or individual. Our observations are in agreement with 
a previous description of how wild rheas vocalise in southern Brazil (Codenotti and 
Alvarez 2001). The vocal activity of the rhea was restricted, at least as a common 
behaviour, to the beginning of the mating season, which occurs between July and 
September in south Brazil (during the dry season, Codenotti and Alvarez 2001; de 
Azevedo et al. 2010; Gasparri 2016). Although recorders were not placed in the zoo, we 
walked the external fence of the lake of the zoo twice per day (5–10 min of walking at 7 
a.m. and at 4 p.m.) between mid-June and late November 2019. We did not detect any 
booming calls until 24 July, and the last booming call was detected on 18 August, which 
suggests that the vocal behaviour of the rhea plays an important role in the communica
tion system of the species but during only a short period of time. Our assumption is in 
agreement with the annual pattern of vocal activity described for wild rheas in Argentina, 
since vocalisations were only detected from mid August to late October, with no calls 
detected during the rest of the year (Mercolli and Yanosky 1994). Further research should 
try to assess whether the booming calls have an intra- or intersexual function since we 
cannot rule out either possibility with the current knowledge of the vocal behaviour of 
the species (Mercolli and Yanosky 1994). Future studies should also evaluate whether 
individual recognition of recorded birds is possible in the rhea (see application in a ratite 
using autonomous recording units in Dent and Molles (2016), and see also Ehnes and 

Figure 2. Diel pattern of booming activity of the Greater Rhea (Rhea americana) at UFMT Zoo (Cuiabá, 
Mato Grosso, Brazil). Booming activity was measured by recording continuously from 27 July to 3 
August 2019. The diel pattern is expressed as the total number of booming calls recorded per hour. 
Hours are expressed in UTC -4.
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Foote 2015), which may allow researchers to control for the number of birds vocalising 
around recorders.

The rhea showed the typical bimodal pattern of vocal activity found in most bird 
species, with a first and high peak of vocal activity after sunrise and a second peak before 
sunset (Catchpole and Slater 2008). The bimodal pattern found in our study, with 
the highest calling activity after sunrise, is in agreement with the diel pattern described 
for wild rheas in Argentina (Mercolli and Yanosky 1994). Nonetheless, in the later study 
the second peak of vocal activity before sunrise was much reduced than in our study. 
Surprisingly, we also found that the species vocalised at night, as nocturnal activity has 
not been previously reported for this species (see diel pattern of activity the species 
described by 24-h monitoring with camera traps in Oliveira-Santos and Tizianel 2008, 
and see diel pattern of vocal behaviour described during 24-h monitoring throughout 
field observations in; Mercolli and Yanosky 1994). The nocturnal vocal behaviour of the 
species is similar to a recent study that used passive acoustic monitoring to study the 
vocal behaviour of another diurnal Palaeognathae, the Undulated Tinamou (Crypturellus 
undulatus). Pérez-Granados et al. (2020) found a high rate of nocturnal calling activity of 
the Undulated Tinamou and suggested that it should ‘play an important role in the 
communication system of the species’. The same reasoning might be true for the rhea, 
although the proportion of nocturnal vocalisations produced by the rhea at night (7.2% 
between 7 p.m. and 4 a.m.) was half the proportion of nocturnal vocalisations produced 

Figure 3. Coefficient of variation (%) of the daily booming activity rate of the Greater Rhea as a 
function of monitoring days. Booming activity was measured by recording continuously from 27 July 
to 3 August 2019 at UFMT Zoo (Cuiabá, Mato Grosso, Brazil).
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by the Undulated Tinamou (14.3% between 7 p.m. and 4 a.m.). The study of nocturnal 
vocal activity of diurnal birds is an interesting topic that deserves more attention, 
especially for nonpasserines for which exist very limited information (La 2012; Celis- 
Murillo et al. 2016; Foote et al. 2017, but see Kułaga and Budka 2020). The monitored zoo 
was located within the campus of the UFTM, and thus there was some artificial light at 
night, which may have positively influenced the nocturnal vocal behaviour of the 
monitored rheas (Miller 2006; Byrkjedal et al. 2012; Watson et al. 2016). Therefore, 
further research involving recording wild individuals during the night, in the absence of 
anthropogenic light, is required to provide a reliable measure of the relative importance 
of nocturnal vocalisations in the communication system of the species.

The assessment of the decreasing pattern of the CV of the booming activity rate of the 
rhea showed a CV of 60% among days, which can be considered low when compared to 
other bird species (see Pérez-Granados et al. 2019b; Pérez-Granados and Schuchmann 
2020a). Although the CV of birds’ vocal activity has been published for only three bird 
species (a European songbird and two Neotropical nightjars), the pattern found in our 
study suggests that the vocal activity of the rhea was relatively constant. Our assessment 
might also be useful for further research on ratites using passive acoustic monitoring as 
a starting point to evaluate the minimum number of monitoring days needed to estimate 
a reliable diel pattern or a low-error estimate of the vocal activity rate.

Passive acoustic monitoring, coupled with automated signal recognition software, has 
proven to be a useful technique for monitoring the vocal behaviour of the rhea. This 
technique allowed us to monitor the vocalisations of the species using a standardised 
approach over eight consecutive days and detect around 87% of their calls in a much 
reduced amount of time (c. 1 hour for data analyses and reviewing the candidate sounds, 
0.5% of the recording time). The recall rate estimated in our study can be considered as 
high when compared to previous studies using automated detection of calls of ratites 
(recall rate of 40% for the Little Spotted Kiwi, Apterys owenii, Digby et al. 2013) and with 
prior research that used Kaleidoscope Pro for detecting bird calls (e.g., recalls rates 
between 74% and 85% for two potoos, Nyctibius spp., Pérez-Granados and 
Schuchmann 2020b; 81% for the Western Capercaillie, Tetrao urogallus, Abrahams 
2019; 11–22% for two vocalisations type of the King Rail, Rallus elegans, Schroeder and 
Mcrae 2020). Our results are in agreement with prior studies that proved the utility of 
autonomous sound recorders for monitoring the vocal activity of different Palaeognathae 
(Digby et al. 2013, 2014; Dent and Molles 2015; Pérez-Granados et al. 2020). For example, 
Digby et al. (2013) found that visual inspection of sonograms detected 85% of the calls of 
the Little Spotted Kiwi heard by human listeners in the field. Therefore, when able to 
create a recogniser with a high recall rate, passive acoustic monitoring might be useful for 
continued study of the vocal activity of ratites (e.g., cassowaries) as well as to evaluate the 
importance of vocal behaviour in wild rheas over a large temporal scale.

Our study shows that the rhea is a vocally active species with a booming call structure 
similar to that of cassowaries and with a diurnal and nocturnal pattern of vocal activity 
similar to that described for other diurnal Palaeognathae, such as the Undulated 
Tinamou (Pérez-Granados et al. 2020). Our results might be useful to understand how 
vocal behaviour evolved in ratites and its function and therefore may provide insights 
into the evolutionary process of avian vocal behaviour. Nonetheless, we are aware that 
our study was restricted to a short period (8 days) of time, and used a reduced number of 
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captive birds as study model, and therefore, there is still much to be learned about how 
rheas use booming calls for communication (Mercolli and Yanosky 1994). We hope that 
our study may encourage researchers to study vocal behaviour in other birds from basal 
lineages to increase our current knowledge of this intriguing phenomenon (Benedict and 
Krakauer 2013).
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