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The study of diel and seasonal variation in bird calling behavior may 
provide insight into the ecology of monitored species. For example, 
numerous studies in temperate areas have demonstrated that bird 
vocal activity has an important role in territory establishment and 
mate attraction, and seasonal changes in vocal activity can therefore 

be related to the breeding phenology of birds (Catchpole & Slater, 
2008). Knowledge regarding daily and seasonal variation in vocal ac-
tivity in tropical resident species is lower than that in species from 
temperate areas (Demko & Mennill, 2019; Jahn, Ganchev, Marques, & 
Schuchmann, 2017), but studies addressing the vocal activity of trop-
ical species are of interest since such activity is usually not restricted 
to the breeding period (Jahn et al., 2017; Odom et al., 2016; Topp & 
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available. The Undulated Tinamou (Crypturellus undulatus) is one of the most wide-
spread species but also declining. Due to its secretive habits, ecological knowledge 
regarding the species relies on few anecdotal descriptions. We used automated re-
corders to monitor the vocal activity of the species over an annual cycle at four sites 
in the Brazilian Pantanal. We provide a description and analyze the diel and seasonal 
patterns of the calling activity in this species and provide new ecological informa-
tion. The daily cycle showed two significant peaks in calling activity during the early 
morning and late afternoon, in agreement with the vocal behavior common among 
tinamous. The species was vocally active throughout the year, but it was significantly 
higher during September–October and March. This suggests that the breeding period 
o=�|_;�&m7�Ѵ-|;7�$bm-lo��bm�|_;��u-�bѴb-m��-m|-m-Ѵ�;�|;m7v�=uol�";r|;l0;u�|o��rubѴĺ�
�=|;u�|_;�lom|_v��b|_�_b]_;v|�1-ѴѴbm]�-1|b�b|�ķ�|_;u;��-v�-�v|uom]�7;1u;-v;�bm�-1|b�b|�ķ�
which might be related to the silent behavior of male tinamous during incubation. The 
seasonal pattern and breeding period identified for the Undulated Tinamou in the 
Brazilian Pantanal are in agreement with those observed in previous studies carried 
out with other Crypturellus species. The use of automated recorders was found to 
be a useful method for monitoring the calling activity of this secretive group of birds 
and might be useful in the assessment of future population trends in this and other 
declining tinamous.
�0v|u-1|�bm��ou|�];v;�bv�-�-bѴ-0Ѵ;��b|_�omѴbm;�l-|;ub-Ѵĺ
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�;mmbѴѴķ�ƑƏƏѶőĺ��1t�bu;7�hmo�Ѵ;7];�-0o�|�0bu7��o1-Ѵ�-1|b�b|��1-m�-Ѵvo�
be useful to plan surveys and develop effective monitoring protocols 
for bird species (Pérez-Granados, Bota, Giralt, & Traba, 2018).

The use of automated recorders has revolutionized the way we un-
derstand soundscapes and the way we monitor vocally active wildlife 
vr;1b;v�Őv;;�u;�b;��bm�"�]-bķ�"bѴ�-ķ�!b0;buoķ�ş��Ѵ�vb-ķ�ƑƏƐƖőĺ���|ol-|;7�
recorders can be used to detect species’ presence, monitor wild-
life abundance (Pérez-Granados, Bota, et al., 2019; Terry, Peake, & 
McGregor, 2005) and detect changes at community and landscape 
level (Burivalova et al., 2019; Pijanowski, Farina, Gage, Dumyahn, & 
Krause, 2011). That transformation has produced remarkable results 
for monitoring secretive species and for those that are active under 
challenging circumstances, such as at night and at sites that are in-
hospitable or difficult to access, such as forests or wetlands (Celis-
Murillo, Deppe, & Ward, 2012; Deichmann et al., 2018).

Tinamous (Tinamidae) represent one of the most ancient living 
groups of birds (Hackett et al., 2008). They exhibit exclusive male 
parental care, and in most species, several females lay their eggs 
in a single nest, which is incubated by the male (Cabot, 1992). This 
behavior makes these species an interesting group for studying the 
breeding ecology of birds. However, there is a lack of knowledge 
on the basic natural history of most tinamous (Cabot, 1992), and 
even knowledge regarding their breeding ecology is restricted to 
anecdotal or captive breeding data (Brooks, 2015; Solano-Ugalde, 
Ordóñez-Delgado, Vits, & Freile, 2018). This is because tinamous are 
1u�r|b1ķ�v_�ķ�-m7�v;1u;|b�;��;o|uorb1-Ѵ�0bu7v��b|_�l-bmѴ��1u;r�v1�-
lar and nocturnal activity. The vocalizations of tinamous, which are 
loud and very distinctive, are the only clues usually used to study 
|bm-lo��;1oѴo]��Ő;ĺ]ĺķ��-m1-v|;uķ�ƐƖѵƓ-ĸ��;]u;|ķ��-u�ॕmķ�"|;�;mvomķ�
ş��-�;u7;Ŋ!ķ�ƑƏƐƔĸ��;]u;|�ş��-�;u7;Ŋ!ķ�ƑƏƐƓőĺ�$_;u;=ou;ķ�|bm-lo�v�
seem to be an interesting model to monitor applying acoustic ap-
proaches. Tinamous are especially vulnerable to hunting, habitat 
loss, and alteration (Schelsky, 2004; Thornton, Branch, & Sunquist, 
2012). Indeed, large differences in tinamou population densities have 
been found between hunted and nonhunted areas (Peres, 2000).

The Undulated Tinamou (Crypturellus undulatus) is a ground-for-
-]bm]�olmb�ou;�|_-|�bv��b7;vru;-7�bm�"o�|_��l;ub1-ĺ��|�bv�-��0bt�b-
tous species that is mainly found in association with riparian forest 
-m7�v;1om7-u��]uo�|_�-m7�bv�lov|�-0�m7-m|�bm�|_;��l-�omb-m�0-vbm�
(BirdLife International, 2016). It is a shy polygynous species for which 
even basic biological knowledge is lacking (Cabot, 1992; Davies, 
2002). The Undulated Tinamou has a negative population trend 
(BirdLife International, 2016), and additional ecological knowledge is 
in demand for assessing the current and future status of this taxon.

In this paper, we had four objectives to increase our knowledge 
about the ecology of the Undulated Tinamou: (a) evaluate the use 
of automated recorders, a noninvasive technique, as a monitoring 
method for studying the species; (b) describe the pattern of diel 
and seasonal variation in calling activity; (c) identify the hours and 
months with the highest calling output; and (d) elucidate the breed-
ing phenology of the species. The main function of calling activity in 
the Undulated Tinamou is unknown, but previous research has linked 
periods with higher calling activity with the breeding conditions of 

|bm-lo�v�Ő�-m1-v|;uķ�ƐƖѵƓ0ĸ��;]u;|�;|�-Ѵĺķ�ƑƏƐƔőĺ�$_;u;=ou;ķ��;�;�-
pected to find seasonal variation in the calling activity of the spe-
cies and predicted that those months with the highest calling output 
would relate to those months during which Undulated Tinamous 
were establishing territories and attracting mates.

ƑՊ |Պ��$��	"

ƑĺƐՊ|Պ"|�7��-u;-

This study was carried out in the northeastern part of the Brazilian 
Pantanal (Pantanal Matogrossense). The study area included four 
acoustic monitoring stations separated by 890–2,750 m near 
the SESC Pantanal (Pocone municipality, Mato Grosso, Brazil; 
ƐѵŦƑƖனƔѶப�"ķ�ƔѵŦƑƓனƒƖப�)ķ�v;;�b]�u;�"Ɛőĺ�$_;�7olbm-m|��;];|--
tion is a mosaic of different forested and savanna areas (Junk et al., 
2006). The regional climate is tropical and humid; the average an-
nual rainfall is 1,000–1,500 mm, and the mean annual temperature 
is ~24°C. The study area is located on the floodplain of the Cuiaba 
River, one of the main tributaries of the Paraguay River within the 
Pantanal, and it is seasonally inundated due to the flooding of the 
Paraguay River (Junk et al., 2006). Therefore, the study area exhib-
its marked seasonality, with a pronounced terrestrial phase from 
�-�� |o� ";r|;l0;u� -m7� -m� -t�-|b1� r_-v;� =uol��1|o0;u� |o� �rubѴ�
(Junk et al., 2006).

ƑĺƑՊ|Պ�1o�v|b1�u;1ou7bm]

�1o�v|b1�lomb|oubm]�v|-|bomv�or;u-|;7�7-bѴ��=uol�Ѷ���m;�ƑƏƐƔ�|o�ƒƐ�
�-��ƑƏƐѵķ� 1o�;ubm]�om;�-mm�-Ѵ� 1�1Ѵ;�-|�;-1_� vb|;ĺ��|�;-1_�-1o�v-
tic monitoring station, we placed one Song Meter SM2 recorder 
Ő)bѴ7Ѵb=;��1o�v|b1vķ�&"�ķ����ĺ�bѴ7Ѵ�b=;-1�o�v|b�1vĺ1olőĺ�$_;�u;1ou7;u�
was programmed to record (.wav format) the first 15 min of each 
_o�u�bm�ƑƓņƕ�lo7;�=oѴѴo�bm]�|_;��bm|;u�Ѵo1-Ѵ�|bl;�Ő��$�ƴƓő�-m7�1om-
figured with a sampling rate of 48 kHz and a resolution of 16 bits 
per sample.

ƑĺƒՊ|Պ�1o�v|b1�7-|-�-m-Ѵ�v;v

Recordings were scanned with Kaleidoscope Pro 5.1.8, an automated 
vb]m-Ѵ�u;1o]mb|bom�vo=|�-u;�ruo]u-l�ruo�b7;7�0��)bѴ7Ѵb=;��1o�v|b1v�
Ő)bѴ7Ѵb=;��1o�v|b1vķ�&"�ķ����ĺ�bѴ7Ѵ�b=;-1�o�v|b�1vĺ1olőĺ�$_bv�vo=|�-u;�
is able to identify a target signal by using the signal parameters of the 
sounds targeted for detection. The call of the Undulated Tinamou is 
1olrov;7�o=�|_u;;�7bv|bm1|b�;�mo|;v�Őb]�u;�Ɛőĺ��Ѵ|_o�]_�vr;1b=b1�bm-
formation is not available for the Undulated Tinamou, we expect that 
calls recorded may have been uttered by both sexes, similar to calling 
behavior of most tinamous (Cabot, 1992; Davies, 2002). To charac-
terize the call of the species in the study area, we measured 52 calls 
from eight different recordings (two from each acoustic monitoring 
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station) using Raven Pro 1.5 (Bioacoustics Research Program 2014) 
Ő$-0Ѵ;�"Ɛőĺ��11ou7bm]� |o� |_;�1-ѴѴ�r-u-l;|;uv�o=� |_;�vr;1b;vķ��;� bm-
troduced the following signal parameters in Kaleidoscope: minimum 
-m7�l-�bl�l�=u;t�;m1b;v�o=�ƐķƐƔƏ�-m7�ƐķƒƔƏ���ķ�u;vr;1|b�;Ѵ�ķ�lbmb-
l�l�-m7�l-�bl�l�7;|;1|bom�7�u-|bomv�o=�Ɛĺƒ�-m7�ƒ� v� Ő|o� bm1Ѵ�7;�
overlapping signals and birds duetting), respectively, and a maximum 
intersyllable gap of 0.6 ms. Kaleidoscope also requires an additional 
parameter that may impact the number of detected signals: the dis-
tance from the cluster center. Large values will result in a relatively 
large number of detected target signals (true positives) but also a 
number of false positives (misclassified signals). This parameter 
ranges from 0 to 2, and a value between 1.0 and 1.4 is recommended 
0��)bѴ7Ѵb=;��1o�v|b1vĺ�);��v;7�-��-Ѵ�;�o=�Ƒĺ�);�-u;�-�-u;�|_-|�|_bv�
selection will increase the number of false positives, but we selected 
|_bv� �-Ѵ�;� bm� ou7;u� |o� 7;|;1|� -v�l-m�� |bm-lo�� 1-ѴѴv� -v� rovvb0Ѵ;ĺ���
sensitive quantitative analysis of tinamou calls detected employing 
variable values of the parameter “distance from the cluster center” 
can be found in Table S2.

�� |o|-Ѵ� o=� ƕƓƓķƖѵƕ� 7;|;1|bomv�l-|1_;7� |_;� vb]m-Ѵ� r-u-l;|;uvĺ�
Each event was visually and/or acoustically checked, always by the 
same observer (CPG), to separate Undulated Tinamou calls from 
�m7;vbu;7�vb]m-Ѵvĺ���|o|-Ѵ�o=�ƒƏƔķƔѶƐ�7;|;1|bomv��;u;�1Ѵ-vvb=b;7�-v�
Undulated Tinamou calls, which were used in subsequent analyses. 
The undesired signals were bird songs composed by different notes 
separated less than 0.6 s (maximum intersyllable gap used in our 
-m-Ѵ�v;vőĺ��ov|�o=�|_;�=-Ѵv;�rovb|b�;v��;u;�1-ѴѴv�o=�|_;��b||Ѵ;��b]_|f-u�
(Setopagis parvula) and the Chaco Chacalaca (Ortalis canicollis). The 
number of calls detected per station ranged between 51,088 and 
ƖƔķƕƐƔ�Ő$-0Ѵ;�"ƒőĺ

ƑĺƓՊ|Պ"|-|bv|b1-Ѵ�-m-Ѵ�v;v

To identify the hours with significant high and low Undulated 
Tinamou calling activity, we fitted a generalized linear mixed model 
(GLMM) using the percentage of calls detected per hour during each 
month as the response variable, recording hour as a fixed effect 
(24 levels) and site (four categorical levels) and month (12 categori-
cal levels) as random effects to control for calling variation owing to 
vb|;� -m7� v;-vom-Ѵb|�ĺ��m� bm7;r;m7;m|�������-v� =b||;7� |o� b7;m|b=��
months with significantly higher and lower calling activity in the spe-
cies. In that case, we used the mean number of calls detected per day 
in each month as the response variable, month (12 categorical levels) 

as a fixed effect and site (four categorical levels) as a random effect 
to control for intersite variation. We employed the mean number of 
calls detected per day instead of the mean number of calls detected 
per month as a standardized measurement to reduce variation among 
months due to the variable number of monitoring days per month 
(e.g., the study began on 8 June). Model performance was evaluated 
by plotting standardized residuals versus fixed variables, normal Q–Q 
rѴo|v�-m7�_bv|o]u-lv�o=�u;vb7�-Ѵvĺ��o�1om1u;|;�r-||;um��-v�=o�m7�bm�
any case. When a fixed effect was found to be significant, Tukey's 
post hoc test was performed to test for differences among levels. 
�ѴѴ�v|-|bv|b1-Ѵ�-m-Ѵ�v;v��;u;�r;u=oul;7��b|_�!�ƒĺƓĺƐ�Ő!�	;�;Ѵorl;m|�
Core Team, 2016). We used the packages “lme4” (Bates, Maechler, 
Bolker, & Walker, 2015) for the GLMM construction, “lmerTest” 
(Kuznetsova, Brockhoff, & Christensen, 2014) to calculate the signifi-
cance of fixed effects and “multcomp” (Hothorn, Bretz, & Westfall, 
2008) for post hoc comparison tests. The level of significance was 
p < .05, and the results are expressed as the mean ± SE.

ƒՊ |Պ!�"&�$"

ƒĺƐՊ|Պ	b;Ѵ�r-||;um

The Undulated Tinamou was detected during 99.9% of the moni-
|ou;7�7-�v�Ő$-0Ѵ;�"ƒőĺ�);�=o�m7�-�1Ѵ;-u�7b;Ѵ�1-ѴѴbm]�-1|b�b|��r-||;um�
in this species. The daily cycle showed a bimodal pattern, with the 
first peak of activity occurring in early morning (0500–0600 hr, 
18.1% of all calls were detected at these recording times) and a 
second, and slightly higher, peak in the late afternoon (26.6% of 
the calls were detected in the period between 1600 and 1800 hr) 
(Figure 2). The species continued to call during the middle of the 
day but showed much lower activity when compared to that during 
the sunrise and sunset periods (Figure 2) (Table S4 for hourly call 
production). The nocturnal calling activity of the species, although 
low, continuously increased every hour after a strong decrease in 
-1|b�b|��|_-|�o11�uu;7�-|�ƐƖƏƏ�_u�ŐƏĺƒѷ�o=�|_;�|o|-Ѵ�=ou�|_bv�_o�uő�
Őb]�u;�Ƒőĺ��11ou7bm]�|o�|_;������-m-Ѵ�vbvķ�|_;u;��;u;�vb]mb=b1-m|�
differences in calling activity among hours (Table 1). The highest 
vocal output occurred at 0600 and 1700 hr, with no significant 
differences among them (Tukey post hoc test, see Figure S2). The 
r;ubo7�0;|�;;m�ƐƖƏƏ�-m7�ƏƒƏƏ�_u��-v� |_;� bm|;u�-Ѵ��b|_� vb]mb=b-
cantly lowest calling activity (Table 1), according to Tukey's post 
hoc test (Figure S2).

 ��&!� �ƐՊSonogram of a typical 
Undulated Tinamou call. The call was 
recorded in Pantanal Matogrossense 
(Brazil) by a Song Meter SM2 on 5 March 
2016
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ƒĺƑՊ|Պ";-vom-Ѵ�r-||;um

The Undulated Tinamou was vocally active throughout the year, 
but calling seasonality also showed a bimodal pattern. The highest 
�o1-Ѵ�o�|r�|�o11�uu;7�bm�|_;�lom|_v�o=��1|o0;u�-m7��-u1_�ŐƒƕƑĺƑ�
-m7�ƒƓƒĺƐ�1-ѴѴv�r;u�7-�ķ�u;vr;1|b�;Ѵ�ő�Őb]�u;�ƒőĺ���v|uom]�7;1u;-v;�bm�
calling activity was detected in the months preceding the ones with 
the highest calling activity, but the lowest vocal activity occurred in 
;0u�-u��Őb]�u;�ƒő�Őv;;�$-0Ѵ;�"Ɣ�=ou�lom|_Ѵ��1-ѴѴ�ruo7�1|bomőĺ���;m�
in February, a mean number of 94.7 calls were detected per day and 
station (Table S5). There were significant differences among months 
bm�|_;�1-ѴѴbm]�-1|b�b|��o=�|_;�vr;1b;v�Ő$-0Ѵ;�Ɛőĺ��11ou7bm]�|o�$�h;�ŝv�
post hoc test, the highest calling activity occurred during March and 
September–October, while the lowest vocal output occurred during 
;0u�-u��-m7���Ѵ��Őb]�u;�"ƒőĺ

ƓՊ |Պ	�"�&""���

Here, we report the results of a year-long study of the vocal behav-
ior of the Undulated Tinamou, one of the most ancient living birds 
(Hacket et al., 2008). The use of automated recorders allowed us to 
quantify vocal production across an annual cycle and at different times 
of day, including the nocturnal period, at four monitoring stations. The 

calling activity of the species significantly differed among months as 
�;ѴѴ�-v�|_uo�]_o�|�|_;�7-�ĺ��|�|_;�7-bѴ��v1-Ѵ;ķ�|_;�vr;1b;v�1-ѴѴ;7�-|�-m��
time of the day but at a higher rate in the early morning and late af-
ternoon. This diel pattern is consistent with that found among other 
genera of tinamous, such as Crypturellus (Lancaster, 1964a; Skutch, 
ƐƖѵƒőķ�Nothoprocta (Lancaster, 1964b; Pearson & Pearson, 1955), and 
Tinamous� Ő��_m;mķ��bl-ķ�"-m|ovķ�ş��-1_-7o�bѴ_oķ�ƑƏƐƒĸ��-m1-v|;uķ�
1964a). In the only reference found for the Undulated Tinamou, 
�;-ul-m�ŐƑƏƏƐő�v|-|;7�|_-|ķ�bm��u];m|bm-ķ�|_;�vr;1b;v��-v�omѴ��=o�m7�
to vocalize for 15 min at dawn and dusk. However, no more informa-
tion was provided, and this seems to be an anecdotal observation.

Several authors have reported that nocturnal calling by tina-
lo�v� bv� -m� bm|;ulb||;m|� -m7� o11-vbom-Ѵ� 0;_-�bou� Ő;ĺ]ĺķ� �Ѵ7ub1_�ş�
�oѴ;� �uĺķ� ƐƖƒƕĸ��;;0;ķ�ƐƖƑƔĸ� �-m1-v|;uķ� ƐƖѵƓ-ĸ� "h�|1_ķ� ƐƖѵƒőĺ� �m�
contrast, the nocturnal calling activity of the Undulated Tinamou, 
although significantly lower than the calling activity during the 
day, seems to play an important role in the communication system 
of the species (>42,000 calls were detected between 2000 and 
0400 hr the next day, Table S4). We are aware that vocal behavior 
may vary among closely related species (e.g., Francis, Ortega, & 
Cruz, 2011). However, we strongly believe that the greater noc-
turnal activity observed in our study than in previous studies 
is related to the use of automated recorders. Prior research on 
the nocturnal calling activity of tinamous was based on auditory 
surveys, and calling activity was rarely monitored beyond sunset 
or, if so, only for short periods (Lancaster, 1964a, 1964b; Skutch, 
ƐƖѵƒőĺ��m�1om|u-v|ķ��;�lomb|ou;7�|_;�mo1|�um-Ѵ�1-ѴѴbm]�0;_-�bou�o=�
Undulated Tinamous with the same intensity as that for the diur-
nal calling activity. Future research should include detailed analy-
ses of nocturnal calling activity to elucidate whether calling in the 
night is a rare or common behavior among tinamous.

The detection of the greatest calling activity during 
September–October and March suggests that the breeding pe-
riod of the Undulated Tinamou in the Brazilian Pantanal during 
|_;�lomb|ou;7� �;-u� ;�|;m7;7� =uol� -|� Ѵ;-v|� ";r|;l0;u� |o� �rubѴĺ�
This is in agreement with the seasonal pattern found in other 
tinamou species that are also vocally active throughout the 
year but show a peak in vocal activity during the breeding pe-
riod (Lancaster, 1964a). However, other tinamou species show 
marked calling seasonality and only call during the breeding pe-
riod (Lancaster, 1964b). The suggested breeding period of the 
&m7�Ѵ-|;7�$bm-lo��Ő";r|;l0;uŋ�rubѴő� bv�vblbѴ-u�|o�|_-|�bm7b1-|;7�
for the closely related Yellow-legged Tinamou (Crypturellus noc-
tivaguső�bm�(;m;��;Ѵ-�Ő��]�v|ŋ�rubѴķ�ub;7l-mm�ş�"lb|_ķ�ƐƖƔƏő�-m7�
for the Little Tinamou (Crypturellus soui) in Costa Rica. Tinamous 

 ��&!� �ƑՊDiel calling activity pattern of the Undulated 
Tinamou in Pantanal Matogrossense (Brazil). Calling activity was 
l;-v�u;7�0��-1o�v|b1�lomb|oubm]�=uol�Ѷ���m;�ƑƏƐƔ�|o�ƒƐ��-��
2016 at four acoustic monitoring stations. Diel pattern is expressed 
as the mean percentage of calls detected during each recording 
|bl;�r;u�v|-|bomĺ��o�uv�-u;�;�ru;vv;7�bm��bm|;u�Ѵo1-Ѵ�|bl;�Ő��$�ƴƓő

b�;7�;==;1| df 	;m�df "�l�"t �;-m�"t F P

Recording time Ƒƒ 1,128 12,775 555.4 47.57 <.001

Month 11 ƐķƒѵƖĺƐ 8,521,689 774,699 ƐѶĺƒѵ <.001

Note: The effects of recording time and month were fitted using independent generalized linear 
mixed models. Calling activity was monitored with recordings conducted for 15 min every hour 
0;|�;;m�Ѷ���m;�ƑƏƐƔ�-m7�ƒƐ��-��ƑƏƐѵ�-|�=o�u�-1o�v|b1�lomb|oubm]�v|-|bomvĺ

$���� �ƐՊSummary table of type-III 
partitioning of variances testing the 
effects of recording time and month 
on the calling activity of the Undulated 
Tinamou in Pantanal Matogrossense 
(Brazil)
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from other genera seem to breed mainly at the end of the rainy 
r;ubo7� Ő�-u1_ŋ�rubѴő� Ő�-m1-v|;uķ� ƐƖѵƓ0ĸ� �;]u;|� ;|� -Ѵĺķ� ƑƏƐƔĸ�
Solano-Ugalde et al., 2018). The observation of the maximum call-
ing activity of the Undulated Tinamou in September–October and 
March can be related to the period when males establish terri-
tories and seek mates (Lancaster, 1964a), while the decrease in 
calling activity in the following month might be due to the silent 
behavior of incubating males, a phenomenon found in other tin-
-lo�v� Ő�-m1-v|;uķ� ƐƖѵƓ-őĺ��mo|_;u� mom;�1Ѵ�vb�;� ;�rѴ-m-|bom� =ou�
the decrease in calling activity in the months following the max-
imum calling activity is that tinamou males may have learned the 
calls of neighboring individuals (Lancaster, 1964a) and do not 
answer their calls at high rates later in the season (Dear Enemy 
Hypothesis, Fischer, 1954). The two peaks in vocalization followed 
by a decrease of vocal activity in the following months suggest 
that the Undulated tinamou might be a double-brooded species 
in the study area. It is in agreement with the two marked peaks of 
nesting, in September and February, of the Little Tinamou in Costa 
!b1-� Ő"h�|1_ķ�ƐƖѵƒőĺ��o�;�;uķ��;�_-�;�mo�o0v;u�-|bom-Ѵ�7-|-� |o�
confirm that the Undulated Tinamou as a double-brooded species.

Our results highlight that future monitoring programs aimed 
at detecting the Undulated Tinamou can be performed in the late 
afternoon. This could increase the flexibility of fieldwork and save 
significant time for working on other project goals during the early 
morning, when time is usually more limited. Future studies on tina-
mous should attempt to determine the specific function of calling 
seasonality in this group of birds. However, due to the difficulties in 
regard to performing observational field studies with tinamous and 
other birds, the use of remote sensing techniques should be con-
sidered. In this study, we demonstrated that acoustic monitoring, 
coupled with automated signal recognition, was useful for study-
bm]�|_;�ru;v;m1;�-m7�|_;�0;_-�bou�o=� |_bv�]uo�r�o=�0bu7vĺ��1o�v|b1�
monitoring allowed us to monitor the calling activity over a year, but 

also to monitor its nocturnal vocal activity obviated the necessity 
of performing night surveys in the study area. Finally, the vocal ac-
tivity data presented here can be a useful baseline for future moni-
toring programs aiming to assess species-specific population trends 
Ő���|omķ��-fouķ��om;vķ�ş�)bѴѴb-lvķ�ƑƏƐƒőĺ���u�7-|-�1-m�-Ѵvo�0;��v;7�
|o�b7;m|b=��1om1u;|;�r;ubo7v�Ő";r|;l0;uŋ�1|o0;u�-m7��-u1_ŋ�rubѴő�
during which field surveys can be performed to monitor the species 
as well as during which hunting pressure should be reduced, espe-
cially if the populations continue to decline in the future (BirdLife 
International, 2016).

�����)��	����$"
We greatly appreciate the financial support from the following in-
stitutions: This study was financed in part by the Coordenação 
7;��r;u=;b2o-l;m|o�7;��;vvo-Ѵ�7;��झ�;Ѵ�"�r;ubouŋ�u-vbѴ�Ő����"őŊ�
bm-m1;� �o7;� ƏƐĸ� �mv|b|�|o� �-1bom-Ѵ� 7;� �bm1b-� ;� $;1moѴo]b-�
;l� �u;-vܬ ࡛lb7-v� Ő���&ņ&�$ņ���tőĸ� �;m|uo� 7;� �;vt�bv-�
do Pantanal (CPP); and Brehm Funds for International Bird 
Conservation (BF), Bonn, Germany. Furthermore, we thank the 
SESC Pantanal, Mato Grosso, for permission to conduct research 
on their property and their logistical help with our fieldwork. We 
are grateful to Ulmar Grafe and two anonymous reviewers, whose 
1oll;m|v� _;Ѵr;7� |o� blruo�;� |_;� l-m�v1ubr|� -m7� |o� �m-� "bѴ�b-�
Tissiani for technical assistance. This study is part of the biodi-
versity monitoring project Sounds of the Pantanal–The Pantanal 
��|ol-|;7� �1o�v|b1� �bo7b�;uvb|�� �omb|oubm]� o=� ���&ķ� ��b-0ķ�
Mato Grosso, Brazil, which was conducted under SISBIO permit 
moĺ�ƒƖƏƖƔĺ�Ő��"őĺ

�&$��!����$!��&$���
1. Conceived the idea, design, experiment (supervised research, for-
mulated question or hypothesis): CPG, KLS, and MIM. 2. Performed 
the experiments (collected data, conducted the research): KLS and 
����ƒĺ�)uo|;� |_;�r-r;u� Őou� v�0v|-m|b-ѴѴ�� ;7b|;7� |_;�r-r;uőĹ����ķ�
��"ķ�-m7����ĺ�Ɠĺ�	;�;Ѵor;7�ou�7;vb]m;7�l;|_o7vĹ����ĺ�Ɣĺ��m-Ѵ��;7�
the data: CPG. 6. Contributed substantial materials, resources, or 
funding: KLS and MIM.

	�$���(��������$+�"$�$����$
Data available from the Dryad Digital Repository: https ://doi.
org/10.5061/dryad.h6t7g  (Pérez-Granados, Schuchmann, et al., 
2019).

�!��	
Cristian Pérez-Granados  https://orcid.
ou]ņƏƏƏƏŊƏƏƏƒŊƒƑƓƕŊƓƐѶƑ 
Karl-L. Schuchmann  _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƑŊƒƑƒƒŊѶƖƐƕ 
Marinez I. Marques  https://orcid.org/0000-0002-9890-8505 

!��!����"
�Ѵ7ub1_ķ� �ĺ�)ĺķ� ş� �oѴ;ķ� �ĺ� �ĺ� �u� ŐƐƖƒƕőĺ� $_;� 0bu7v� -m7�l-ll-Ѵv� o=� |_;�

�;v|;um�vѴor;�o=�|_;����;uo��;mbmv�Ѵ-ĺ�Scientific Publications of the 
Cleveland Museum of Natural History, 7, 1–196.

 ��&!� �ƒՊSeasonal calling activity pattern of the Undulated 
Tinamou in Pantanal Matogrossense (Brazil). Calling activity was 
l;-v�u;7�0��-1o�v|b1�lomb|oubm]�=uol�Ѷ���m;�ƑƏƐƔ�|o�ƒƐ��-��
2016 at four acoustic monitoring stations. The seasonal pattern is 
expressed as the daily mean number of calls detected per month

https://doi.org/10.5061/dryad.h6t7g
https://doi.org/10.5061/dryad.h6t7g
https://orcid.org/0000-0003-3247-4182
https://orcid.org/0000-0003-3247-4182
https://orcid.org/0000-0003-3247-4182
https://orcid.org/0000-0002-3233-8917
https://orcid.org/0000-0002-3233-8917
https://orcid.org/0000-0002-9890-8505
https://orcid.org/0000-0002-9890-8505


ѵՊ�|Պ�ՊՍ PÉREZ-GRANADOS Et Al.

Bates, D., Maechler, M., Bolker, B., & Walker, S. 2015. lme4: Linear 
mixed-effects models using Eigen and S4. R package version 1.1_7. 
2014. Institute for Statistics and Mathematics of WU website. 
Retrieved from http://cran.r-proje ct.org/packa ge=lme4 (accessed on 
ѵ���]�v|�ƑƏƐƖőĺ

Beebe, W. (1925). The variegated tinamou, Crypturus variegatus (Gmelin). 
Zoologica, 6, 195–227.

Bioacoustics Research Program (2014). Raven Pro: Interactive Sound 
Analysis Software (Version 1.5). Computer software]ĺ� �|_-1-ķ��+Ĺ� $_;�
Cornell Lab of Ornithology.

BirdLife International. (2016). Crypturellus undulatusĺ� $_;� �&��� !;7�
�bv|� o=� $_u;-|;m;7� "r;1b;v� ƑƏƐѵĹ� ;ĺ$ƑƑѵƕѶƐѶƑ�ƖƑƕѵƏƐѵƓĺ� ƑƏƐƖķ� 
_||rv�Ĺņņ7obĺou]ņƐƏĺƑƒƏƔņ�&��ĺ&�ĺƑƏƐѵŊƒĺ!�$"ĺ$ƑƑѵƕ�ѶƐѶƑ��ƖƑƕѵƏ�
ƐѵƓĺ;mĺ	o�mѴo-7;7�om�ƐƔ���]�v|ĺ

Brooks, D. M. (2015). Behavior, reproduction, and development in Little 
Tinamou (Crypturellus soui). The Wilson Journal of Ornithology, 127, 
761–765.

��ub�-Ѵo�-ķ� ,ĺķ� )-_��7bķ� �ĺķ� �o�1_;uķ� $ĺ� �ĺķ� �ѴѴbvķ� �ĺķ� $u�vhbm];uķ� �ĺķ�
Towsey, M., & Game, E. T. (2019). Using soundscapes to in-
vestigate homogenization of tropical forest diversity in selec-
tively logged forests. J App Ecol, 56ķ� ŐƐƐőķ� ƑƓƖƒŊƑƔƏƓĺ� _||rv�Ĺņņ7obĺ
ou]ņƐƏĺƐƐƐƐņƐƒѵƔŊƑѵѵƓĺƐƒƓѶƐ�

���|omķ�!ĺ�$ĺķ��-fouķ��ĺ��ĺķ��om;vķ��ĺ��ĺķ�ş�)bѴѴb-lvķ��ĺ��ĺ�ŐƑƏƐƒőĺ���-lbmbm]�
patterns in nocturnal seabird activity and recovery across the 
);v|;um��Ѵ;�|b-m��vѴ-m7vķ��Ѵ-vh-ķ��vbm]�-�|ol-|;7�-1o�v|b1�u;1ou7-
ing. The Auk, 130ķ�ƒƒƐŋƒƓƐĺ

�-0o|ķ��ĺ�ŐƐƖƖƑőĺ�-lbѴ��$bm-lb7-;�Ő|bm-lo�vőĺ��m��ĺ��ĺ�7;Ѵ��o�oķ��ĺ��ѴѴbo||ķ�
& J. Sargatal (Eds.), Handbook of the birds of the world: Ostrich to ducks 
Volume 1�Őrrĺ�ƐƐƑŋƐƒѶőĺ��-u1;Ѵom-ķ�"r-bmĹ���m���7b1bomvĺ

Catchpole, C. K., & Slater, P. J. (2008). Bird song: Biological themes  
and variations, 2nd ed. Cambridge, UK: Cambridge University  
Press.

�;ѴbvŊ��ubѴѴoķ��ĺķ�	;rr;ķ��ĺ��ĺķ�ş�)-u7ķ��ĺ��ĺ� ŐƑƏƐƑőĺ��==;1|b�;m;vv�-m7�
utility of acoustic recordings for surveying tropical birds. Journal of 
Field Ornithology, 83, 166–179.

Davies, S. J. J. F. (2002). Ratites and tinamousĺ��;��+ouhķ��+Ĺ���=ou7�&mb�ĺ�
Press.

	;b1_l-mmķ��ĺ��ĺķ��1;�;7oŊ�_-uu�ķ��ĺķ��-u1Ѵ-�ķ��ĺķ���ub�-Ѵo�-ķ�,ĺķ��-lrovŊ
�;ut�;bu-ķ��ĺķ� 7ŝ�ou|-ķ� ĺķ�Ļ��b7;ķ� $ĺ��ĺ� ŐƑƏƐѶőĺ� �|ŝv� |bl;� |o� Ѵbv|;mĹ�
There is much to be learned from the sounds of tropical ecosystems. 
Biotropica, 50ķ�ƕƐƒŋƕƐѶĺ

	;lhoķ� �ĺ� 	ĺķ� ş� �;mmbѴѴķ� 	ĺ� �ĺ� ŐƑƏƐƖőĺ� !�=o�vŊ1-rr;7� )-u0Ѵ;uv�
Basileuterus rufifrons show seasonal, temporal and annual variation in 
song use. Ibis, 161, 481–494.

bv_;uķ��ĺ�ŐƐƖƔƓőĺ���oѴ�|bom�-m7�0bu7�vo1b-Ѵb|�ĺ��m��ĺ����Ѵ;�ķ��ĺ��ĺ��-u7�ķ�ş�
E. B. Ford (Eds.), Evolution as a Processķ�Őrr�ƕƐŋѶƒőĺ��om7omķ�&�Ĺ��ѴѴ;m�
and Unwin.

u-m1bvķ� �ĺ� 	ĺķ� �u|;]-ķ� �ĺ� �ĺķ� ş� �u��ķ� �ĺ� ŐƑƏƐƐőĺ� 	b==;u;m|� 0;_-�bo�u-Ѵ�
responses to anthropogenic noise by two closely related passerine 
birds. Biology Letters, 7, 850–852.

ub;7l-mmķ��ĺķ�ş�"lb|_ķ�ĺ�	ĺ� ŐƐƖƔƏőĺ���1om|ub0�|bom�|o�|_;�oumb|_oѴo]��
of northeastern Venezuela. Proceedings of the United States National 
Museum, 100ķ�ƓƐƐŋƔƒѶĺ

Hackett, S. J., Kimball, R. T., Reddy, S., Bowie, R. C., Braun, E. L., Braun, 
�ĺ��ĺķ�Ļ�+�ubķ�$ĺ�ŐƑƏƏѶőĺ���r_�Ѵo];molb1�v|�7��o=�0bu7v�u;�;-Ѵv�|_;bu�
evolutionary history. Science, 320ķ�ƐƕѵƒŋƐƕѵѶĺ

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous Inference in 
General Parametric Models. Biometrical Journal, 50ķ�ƒƓѵŋƒѵƒĺ

Jahn, O., Ganchev, T. D., Marques, M. I., & Schuchmann, K. L. (2017). 
��|ol-|;7�vo�m7�u;1o]mb|bom�ruo�b7;v� bmvb]_|v� bm|o�|_;�0;_-�bou-Ѵ�
ecology of a tropical bird. PLoS ONE, 12, e0169041.

��mhķ� )ĺ� �ĺķ� 	-� ��m_-ķ� �ĺ� �ĺķ� )-m|�;mķ� �ĺ� �ĺķ� �;|;ul-mmķ� �ĺķ�
"|uুvvl-mmķ��ĺķ��-ut�;vķ��ĺ��ĺķ�ş��7bvķ��ĺ�ŐƑƏƏѵőĺ��bo7b�;uvb|��-m7�
its conservation in the Pantanal of Mato Grosso, Brazil. Aquatic 
Sciences, 68ķ�ƑƕѶŋƒƏƖĺ

Kuhnen, V. V., De Lima, R. E. M., Santos, J. F., & Machado Filho, L. C. 
�ĺ� ŐƑƏƐƒőĺ� �-0b|-|� �v;� -m7� 1bu1-7b-m� r-||;um� o=� "oѴb|-u�� $bm-lo��
Tinamus solitarius� bm� -� vo�|_;um� �u-�bѴb-m� �|Ѵ-m|b1� u-bm=ou;v|ĺ� Bird 
Conservation International, 23, 78–82.

���m;|vo�-ķ��ĺķ��uo1h_o==ķ��ĺ��ĺķ�ş��_ubv|;mv;mķ�!ĺ��ĺ��ĺ� ŐƑƏƐƓőĺ� Ѵl;u$-
est: tests for random and fixed effects for linear mixed effect models 
(lmer objects of lme4 package). R package version 2.0_11. Retrieved 
=uol�_||rv�Ĺņņ���ĺ�!��ĺ!Ŋruof;�1|ĺou]ņr-1h-�];ƷѴl;Ɠ

�-m1-v|;uķ�	ĺ��ĺ�ŐƐƖѵƓ-őĺ��b=;�_bv|ou��o=�|_;��o�1-u7�$bm-lo��bm��ub|bv_�
Honduras. Part I: Distribution and general behavior. The Condor, 66, 
165–181.

�-m1-v|;uķ�	ĺ��ĺ�ŐƐƖѵƓ0őĺ��boѴo]��o=�|_;��u�v_Ѵ-m7�$bm-lo�ķ�Nothoprocta 
cinerascens. Bulletin of the American Museum of Natural History, 127, 
ƑѵƖŋƒƐƓĺ

�;]u;|ķ��ĺ��ĺķ��-u�ॕmķ��ĺķ�"|;�;mvomķ��ĺ�!ĺķ�ş��-�;u7;Ŋ!ķ��ĺ�ŐƑƏƐƔőĺ��;��
ecological information for the Black Tinamou (Tinamus osgoodi hersh-
kovitzi). The Auks, 132ķ�ƔƒƒŋƔƒƖĺ

�;]u;|ķ��ĺ��ĺķ�ş��-�;u7;Ŋ!ķ��ĺ�ŐƑƏƐƓőĺ�$_;�;mb]l-|b1��Ѵ-1h�$bm-lo�Ĺ�	o�
distribution, climate, and vocalizations reveal more than one species? 
The Auk, 132ķ�ƐƒƑŋƐƒƖĺ

Odom, K. J., Omland, K. E., McCaffrey, D. R., Monroe, M. K., Christhilf, 
�ĺ��ĺķ�!o0;u|vķ��ĺ�"ĺķ�ş��o]�;ķ�	ĺ��ĺ�ŐƑƏƐѵőĺ�$�rb1-Ѵ�l-Ѵ;v�-m7��m1om-
ventional females: Songs and singing behaviors of a tropical, duetting 
oriole in the breeding and non-breeding season. Frontiers in Ecology 
and Evolution, 4, 14.

�;-ul-mķ��ĺ�ŐƑƏƏƐőĺ��o|;v�-m7�u-m];�;�|;mvbomv�o=�vol;�roouѴ��hmo�m�
0bu7v�o=�mou|_;um��u];m|bm-ĺ�Cotinga, 16, 76–80.

�;-uvomķ��ĺ��ĺķ�ş��;-uvomķ��ĺ��ĺ�ŐƐƖƔƔőĺ��-|�u-Ѵ�_bv|ou��-m7�0u;;7bm]�0;-
_-�bou�o=�|_;�|bm-lo�ķ��o|_oruo1|-�oum-|-ĺ�The Auk, 72ķ�ƐƐƒŋƐƑƕĺ

�;u;vķ��ĺ��ĺ� ŐƑƏƏƏőĺ��==;1|v�o=�v�0vbv|;m1;�_�m|bm]�om��;u|;0u-|;�1ol-
l�mb|�� v|u�1|�u;� bm� �l-�omb-m� =ou;v|vĺ� Conservation Biology, 14, 
ƑƓƏŋƑƔƒĺ

�u;�Ŋ�u-m-7ovķ��ĺķ��o|-ķ��ĺķ��bu-Ѵ|ķ�	ĺķ��-uu;uoķ��ĺķ��ॕl;�Ŋ�-|-vিvķ��ĺķ�
��v|bѴѴoŊ	;�Ѵ-�!ov-ķ�	ĺķ�ş�$u-0-ķ��ĺ�ŐƑƏƐƖőĺ�(o1-Ѵ�-1|b�b|��u-|;�bm7;�Ĺ���
useful method to infer terrestrial bird abundance with acoustic mon-
itoring. Ibis, 161, 901–907.

�u;�Ŋ�u-m-7ovķ� �ĺķ� �o|-ķ� �ĺķ� �bu-Ѵ|ķ� 	ĺķ� ş� $u-0-ķ� �ĺ� ŐƑƏƐѶőĺ� �� 1ov|Ŋ;=-
fective protocol for monitoring birds using autonomous recording 
�mb|vĹ��� 1-v;� v|�7���b|_� -�mb]_|Ŋ|bl;� vbm]bm]�r-vv;ubm;ĺ�Bird Study, 
65ķ�ƒƒѶŋƒƓƔĺ

Pérez-Granados, C., Schuchmann, K.-L., & Marques, M. I. (2019). Data 
from: Vocal behavior of the Undulated Tinamou (Crypturellus undu-
latuső� o�;u� -m� -mm�-Ѵ� 1�1Ѵ;� bm� |_;��u-�bѴb-m��-m|-m-ѴĹ��;��;1oѴo]b-
cal information. Dryad Digital Repository, https ://doi.org/10.5061/
dryad.h6t7g 

�bf-mo�vhbķ��ĺ��ĺķ�-ubm-ķ��ĺķ��-];ķ�"ĺ��ĺķ�	�l�-_mķ�"ĺ��ĺķ�ş��u-�v;ķ��ĺ��ĺ�
ŐƑƏƐƐőĺ�)_-|�bv�vo�m7v1-r;�;1oѴo]�ĵ��m�bm|uo7�1|bom�-m7�o�;u�b;��
of an emerging new science. Landscape Ecology, 26ķ�ƐƑƐƒŋƐƑƒƑĺ

R Development Core Team (2016). R: A language and environment for 
statistical computingĺ� (b;mm-ķ� ��v|ub-Ĺ� !� o�m7-|bom� =ou� "|-|bv|b1-Ѵ�
Computing. http://www.R-proje ct.org.

Schelsky, W. M. (2004). Research and conservation of forest-dependent 
|bm-lo��vr;1b;v�bm��l-�omb-��;u�ĺ�Ornitologia Neotropical, 15ķ�ƒƐƕŋƒƑƐĺ

"h�|1_ķ��ĺ�ĺ� ŐƐƖѵƒőĺ��b=;�_bv|ou��o=�|_;��b||Ѵ;�$bm-lo�ĺ�The Condor, 65, 
ƑƑƓŋƑƒƐĺ

"oѴ-moŊ&]-Ѵ7;ķ��ĺķ��u7ॕो;�Ŋ	;Ѵ]-7oķ��ĺķ�(b|vķ��ĺķ�ş�u;bѴ;ķ� �ĺ�ĺ� ŐƑƏƐѶőĺ�
Breeding biology of Gray Tinamou (Tinamus tao) in southeastern 
Ecuador. The Wilson Journal of Ornithology, 130ķ�ƓƑƕŋƓƒѵĺ

Sugai, L. S. M., Silva, T. S. F. Jr, Ribeiro, J. W., & Llusia, D. (2019). Terrestrial 
�-vvb�;��1o�v|b1��omb|oubm]Ĺ�!;�b;��-m7��;uvr;1|b�;vĺ�BioScience, 
69ķ�ƐƔŋƑƔĺ�_||rv�Ĺņņ7obĺou]ņƐƏĺƐƏƖƒņ0bov1�bņ0b�ƐƓƕ

$;uu�ķ��ĺ��ĺķ��;-h;ķ�$ĺ��ĺķ�ş��1�u;]ouķ��ĺ��ĺ� ŐƑƏƏƔőĺ�$_;�uoѴ;�o=��o1-Ѵ�
individuality in conservation. Frontiers in Zoology, 2, 10.

Thornton, D. H., Branch, L. C., & Sunquist, M. E. (2012). Response of 
large galliforms and tinamous (Cracidae, Phasianidae, Tinamidae) 

http://cran.r-project.org/package=lme4
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22678182A92760164.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22678182A92760164.en
https://doi.org/10.1111/1365-2664.13481
https://doi.org/10.1111/1365-2664.13481
https://www.CRAN.R-project.org/package=lme4
https://doi.org/10.5061/dryad.h6t7g
https://doi.org/10.5061/dryad.h6t7g
http://www.R-project.org
https://doi.org/10.1093/biosci/biy147


ՊՍ�Պ |�ՊƕPÉREZ-GRANADOS Et Al.

to habitat loss and fragmentation in northern Guatemala. Oryx, 46, 
567–576.

Topp, S. M., & Mennill, D. J. (2008). Seasonal variation in the duetting be-
haviour of rufous-and-white wrens (Thryothorus rufalbus). Behavioral 
Ecology and Sociobiology, 62, 1107–1117.

"&���!$�������!��$���
�77b|bom-Ѵ� v�rrou|bm]� bm=oul-|bom� l-�� 0;� =o�m7� omѴbm;� bm� |_;�
Supporting Information section. 

�o��|o�1b|;�|_bv�-u|b1Ѵ;Ĺ Pérez-Granados C, Schuchmann K-L, 
Marques MI. Vocal behavior of the Undulated Tinamou 
(Crypturellus undulatus) over an annual cycle in the Brazilian 
�-m|-m-ѴĹ��;��;1oѴo]b1-Ѵ�bm=oul-|bomĺ�Biotropica. 2019; 
00:1–7. https ://doi.org/10.1111/btp.12742 

https://doi.org/10.1111/jai.12742

