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ABSTRACT

Monitoring the vocal behavior of owls is challenging because of their nocturnal habits and
limited vocal activity. Here, we evaluated the use of passive acoustic monitoring coupled with
automated signal recognition software to monitor the spontaneous vocal activity of the
Ferruginous Pygmy-Owl (Glaucidium brasilianum) over a complete annual cycle at five recording
stations in the Brazilian Pantanal. The vocal behavior of this species was concentrated during the
crepuscular periods, with highest vocal activity in the hours prior to sunrise. The Ferruginous
Pygmy-Owl was vocally active throughout the year, but the species showed a peak of activity
from June to August. Paired Ferruginous Pygmy-Owl males tend to perform territorial calls less
often during the nestling period, which may partly explain the significant decrease in the vocal
activity after August. Our results suggest that the breeding period of the species starts in June,
and the nesting phase probably occurs from September onwards, when the wet season starts.
The first rains in seasonal tropical areas are usually associated with an increase in food availability,
which may explain the species” breeding period onset. Future surveys aiming to monitor the
species, avoiding the use of broadcast calls, should be performed before sunrise between June
and August, when the vocal activity was maximal.
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Introduction otherwise unused areas (Kissling et al. 2010), impacts

on conclusions about the habitat associations of owls
(Shonfield et al. 2018), variable detection probabilities
according to calls recorded and equipment used
(Freeman et al. 2006), and detection alterations of

The study of owls is difficult for human observers due
to the owls’ nocturnal habits, cryptic coloration, silent
flight, and low population densities (Konig & Weick
2008). These characteristics may be a reason why there

are still gaps in our ecological knowledge of many owls,
especially in the Neotropics (see the example of geo-
graphical biases in Lincer et al. 2018). The detection of
owls is mainly based on auditory cues, and as a result,
monitoring programs frequently use broadcast calls to
determine their presence, abundance, and population
trends (Schmutz 2001; Flesch & Steidl 2006). The vocal
activity of owls is usually low, and thus, traditional field
surveys can be time-consuming (Shonfield et al. 2018).
Broadcasting recorded calls is a practical solution to
elicit territorial responses of conspecifics and increase
the probability of detecting owls (Zuberogoitia &
Campos 1998; Conway & Simon 2003). However, call-
broadcast surveys have a series of drawbacks, including
the movement of owls toward observers and into

other owl species (Kissling et al. 2010). Therefore,
several national monitoring programs do not broadcast
recorded calls when surveying owls (e.g. the Noctua
program in Spain, SEO/BirdLife 2019).

The use of autonomous sound recorders allows
researchers to increase the spatial and temporal
scales of studies through numerous scheduled
recordings (Shonfield & Bayne 2017; Sugai et al.
2019). This technique increases the probability of
detecting owls without the need for broadcasting
recorded calls, thus not altering owls’ vocal behaviors
(Wood et al. 2019). This technique has proven to be
an effective tool for monitoring several nocturnal
bird species (Farnsworth & Russell 2007; Goyette
et al. 2011; Pérez-Granados & Schuchmann 2020a,
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2020b), including owls (Shonfield & Bayne 2017;
Domahidi et al. 2019; Wood et al. 2019). However,
there is a gap of knowledge in whether passive
acoustic monitoring is effective for several species
of owls, especially for those inhabiting Neotropical
regions.

In this study, we employed passive acoustic moni-
toring for over one year at five sites in the Brazilian
Pantanal. We aimed to (1) assess the utility of auton-
omous sound recorders for monitoring the presence
and spontaneous vocal activity of the Ferruginous
Pygmy-Owl (Glaucidium brasilianum); (2) describe
the diel and seasonal variation in calling activity of
the species to increase our knowledge of seasonal eco-
logical impacts; and (3) provide useful guidelines and
monitoring recommendations for future studies.

Methods
Study species

The Ferruginous Pygmy-Owl (hereafter FPO) is a -
widespread year-round resident of lowlands from the
southern United States to central Argentina (K6nig &
Weick 2008). The typical territorial call of the FPO is
a long series of 8-30 monotonal hoots emitted at low
frequencies (Figure 1). Both sexes utter territorial calls
(Proudfoot et al. 2020), although females are less
vocally active (Flesch & Steidl 2007). Males usually
vocalize from a perch near the nest (Larsen 2012).
The vocal activity of the species in the Brazilian
Pantanal is positively associated with the percent of
the moon illuminated, and is negatively related to
nocturnal air temperature, with more vocal activity
on nights with lower air temperature (Pérez-Granados
et al. 2021). The range of the species has contracted in
the southwestern United States (Johnson et al. 2003;
Flesch & Steidl 2006). Although no data are available

from Central and South America, it is desirable to
develop an effective monitoring protocol to document
population changes throughout the PFO’s entire range
(Holt et al. 2020).

Study area

The study was carried out near the SESC Pantanal
(Poconé municipality, Mato Grosso, Brazil; 16°29'58"
S, 56°24'39" W) in the Pantanal of Mato Grosso in the
northeastern part of the Brazilian Pantanal (Figure 2).
The study area is located within the floodplain of the
Cuiabd River, which is one of the main tributaries of
the Paraguay River in the Brazilian Pantanal. This
floodplain is seasonally inundated due to flooding of
the Paraguay River from October to April, with
a terrestrial phase from May to September (Junk et al.
2006). The vegetation in the study area is composed of
a mosaic of savanna (Cerrado) and forested areas, and
it has a tropical and humid climate (average annual
rainfall of 1,000-1,500 mm and mean annual tempera-
ture of ~ 24°C).

Acoustic recording

We performed acoustic monitoring over a complete
annual cycle at five acoustic monitoring stations sepa-
rated by 573-2,804 m (Figure 2). One Song Meter SM2
recorder (Wildlife Acoustics, USA) was placed at each
site from 1 March 2015 to 29 February 2016 and was
programmed to record (in stereo and wav formats) the
first 15 minutes of each hour every day. The SM2
recorders have been shown to have an effective detec-
tion radius of approximately 150-160 m (Rempel et al.
2013; Pérez-Granados et al. 2019), which, together with
the territorial behavior of the FPO (Campioni et al.

Figure 1. Sonogram of a typical call of the Ferruginous Pygmy-Owl in the Brazilian Pantanal.



Figure 2. Location of the five acoustic monitoring stations in
the Brazilian Pantanal (Pantanal of Mato Grosso, Poconé muni-
cipality, Mato Grosso, Brazil). The inset shows the location of
the study area (red square) and the Brazilian Pantanal. Scale
bar: 1 km.

2013), greatly reduces the risk of recording the same
territorial male at two adjacent stations.

Acoustic data analyses

The left channel recordings were analyzed using
Kaleidoscope Pro 5.1.9. Kaleidoscope Pro is an auto-
mated signal recognition software program (Wildlife
Acoustics, USA) able to scan recordings for target signals
according to signal parameters of the desired sounds for
detection. To introduce the most adequate signal para-
meters, we characterized the call of the FPO in the study
area (Figure 1 and see Table S1). The signal parameters
introduced in Kaleidoscope were as follows: minimum
and maximum frequency range: 1,150 and 1,450 Hz,
respectively; minimum and maximum detection length:
2 and 24 s, respectively; maximum intersyllable gap: 0.7
s. The maximum intersyllable gap is considered the max-
imum allowable gap between syllables (hoots for the
FPO) of the same call, and thus, hoots separated by less
than 0.7 s were considered to be part of the same call.
Therefore, in this study we considered the whole
sequence of hoots as a unique call (Figure 1). The para-
meter ‘Maximum distance from the cluster center’, which
ranges from 0 to 2, was fitted to 2 since we aimed to detect
as many FPO calls as possible (see a quantitative analysis
of bird calls detected employing variable values of the
parameter distance from the cluster center in Pérez-
Granados et al. 2020).

The signals detected by Kaleidoscope were visually
and/or acoustically checked by the same observer
(GPG) to differentiate false positives (undesired
sounds) from true positives (correct classifications).
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Statistical analyses

To identify times of significantly high calling activity
by the FPO, we fitted a zero-inflated negative binomial
generalized linear mixed model (ZIB-GLMM) using
the total number of calls detected per hour at each
site as the response variable, recording hour as a fixed
effect (15 categorical levels) and acoustic monitoring
stations (five categorical levels) as random effects to
control for variation in the calling activity owing to
site. Those recording hours between 9 a.m. and 5 p.m.
were excluded from the analyses (only 0.7% of the
detected calls occurred during this period, see results).
We fitted another similar GLMM (Gaussian structure)
to identify the months with significantly high calling
activity by the species. The total number of calls
detected per month at each site was used as the
response variable (log transformed), the month (12
categorical levels) was considered a fixed effect and
the acoustic monitoring stations (five categorical levels)
were considered random effects to control for intersite
variation. Tukey’s post hoc test was used to test differ-
ences among levels when a fixed effect was found to be
significant (p < 0.05). All statistical analyses were per-
formed with R 3.5.2 (R Development Core Team 2016)
using the packages ‘glmmTMB’ (Brooks et al. 2017) for
building the ZIB-GLMM, ‘Ime4’ (Bates et al. 2015) for
the GLMM construction, ImerTest’ (Kuznetsova et al.
2014) to calculate the significance of fixed effects and
‘multcomp’ (Hothorn et al. 2008) for post hoc compar-
ison tests.

Results

Kaleidoscope reported a total of 408,305 events that
matched the introduced signal parameters. After
checking every event, a total of 1,506 detections were
classified as calls of the FPO and applied in the poster-
ior analyses. The species was detected at all monitored
stations, and the number of calls detected per station
ranged between 178 and 394 (Table 1). A summary
table showing the spontaneous calling activity of the
FPO at each monitoring station over the annual cycle
can be found in Table 1.

Diel pattern

The diel calling activity pattern of the FPO was mostly
restricted to night and was concentrated during the
crepuscular periods (0300-0500 and 1800-1900, see
Figure 3). The species showed a first peak of vocal
activity after dusk, with 17.6% of the calls detected
between 1800 and 1900 and then showed relatively
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Table 1. Summary of the vocal activity of the Ferruginous Pygmy-Owl over an annual cycle in the Brazilian Pantanal. Calling activity
was monitored using autonomous sound recorders from 1 March 2015 to 29 February 2016 at five acoustic monitoring stations.

Hours are expressed as UTC (—4).

Recording site First Song Last Song Most active day Most active hour Most active month Days detected Calls detected
A 30 March 19 February 8 April 0500 February 30 254
B 7 March 29 January 30 June 2300 September 35 300
C 3 May 23 February 5 August 0500 August 26 380
D 18 March 6 October 2 August 0500 August 25 394
E 25 March 5 August 2 July 0400 July 5 178

Figure 3. Diel calling activity pattern of the Ferruginous
Pygmy-Owl in the Brazilian Pantanal. Calling activity was mon-
itored using autonomous sound recorders from 1 March 2015
to 29 February 2016 at five acoustic monitoring stations. The
diel pattern refers to the mean percentage of calls detected
during each hour at all stations. Hours are expressed in winter
local time (UTC —4). During the period of maximum vocal
activity (July-September) sunrise occurred later than 0600
while sunset occurred later than 1700.

low and constant calling activity between 2000 and
0200 (25.1% of the calls detected) (see Table S2 for
hourly call production at each station). The calling
activity of the species increased continuously from
0300 to 0500 when the vocal activity of the species
reached its maximum (26.9% of the calls detected at
0500, Figure 3). The diel calling activity of the species
differed among the recording hours (Table 2), with
0500 being the recording time with the highest number
of calls detected (see Fig. S1 for Tukey’s post hoc
comparison).

Seasonal pattern

The FPO was vocally active throughout the year, but
the annual pattern of calling activity showed seasonal
and inter-site differences. For example, the dates and
months with the highest vocal activity varied greatly
between stations (Table 1; see Table S3 for monthly call
production at each station). The mean pattern of vocal
activity of the species showed a peak between June and

Table 2. Estimates of a zero-inflated negative binomial general-
ized linear mixed model testing the effects of recording time
on the calling activity of the Ferruginous Pygmy-Owl in the
Brazilian Pantanal. Calling activity was monitored using auton-

omous sound recorders from 1 March 2015 to
29 February 2016 at five acoustic monitoring stations.
Estimate Std. Error Z value P

(Intercept) 2.580 0.60 4.30 <0.001
Hour (1) -0.606 0.86 -0.709 0.479
Hour (2) —-0.663 0.86 -0.775 0.439
Hour (3) 0.946 0.84 1.123 0.261
Hour (4) 1.371 0.84 1.630 0.103
Hour (5) 1.814 0.84 2.159 0.031
Hour (6) —23.406 14887.2 -0.002 0.998
Hour (7) -1.299 0.87 —-1.491 0.136
Hour (8) -1.624 0.88 -1.839 0.066
Hour (18) 0.730 0.84 0.866 0.386
Hour (19) 0.555 0.84 0.658 0.511
Hour (20) —-0.663 0.86 -0.775 0.438
Hour (21) -0.578 0.86 -0.677 0.498
Hour (22) -0.112 0.85 -0.132 0.895
Hour (23) 0.511 0.84 0.605 0.545

August, when 66.3% of the total calls were detected,
and a strong reduction occurred from November
onwards (Figure 4). The GLMM analyses showed that

Figure 4. Seasonal calling activity pattern (black circles) of the
Ferruginous Pygmy-Owl over an annual cycle in the Brazilian
Pantanal. Calling activity was monitored using autonomous
sound recorders from 1 March 2015 to 29 February 2016 at
five acoustic monitoring stations. The seasonal pattern is
expressed as the mean percentage of calls detected at all
stations per month (left Y-axis). The monthly accumulated
precipitation (mm) (blue squares) according to a weather sta-
tion located at station B is shown on the right Y-axis.



Table 3. Summary table of type-lll partitioning of variances
testing the effect of month on the calling activity of the
Ferruginous Pygmy-Owl in the Brazilian Pantanal. The effect
of month was fitted using a generalized linear mixed model.
Calling activity was monitored using autonomous sound recor-
ders from 1 March 2015 to 29 February 2016 at five acoustic
monitoring stations.

Fixed effect Df Den Df Sum Sq  Mean Sq F P
Month 11 44 12.78 1.162 2.88  0.006

the calling activity of the species significantly differed
between months (Table 3); it was significantly high
during the months of July and August (see Fig. S2 for
Tukey’s post hoc comparison).

Discussion

In this study, we describe and analyze the spontaneous
calling activity of the FPO over a complete annual cycle
at five recording sites in the Brazilian Pantanal
Although several studies on the ecology of this species
(e.g. Flesch & Steidl 2006, 2007, 2010; Lima & Lima-
Neto 2008; Campioni et al. 2013) are currently avail-
able, only one study have assessed the spontaneous
calling activity of the species (Pérez-Granados et al.
2021). Our results suggest that the employment of
autonomous sound recorders can be a useful tool for
monitoring FPOs and that this technique might be
especially well suited for detecting population changes
(Buxton et al. 2013). This assumption is in agreement
with previous studies that found passive acoustic mon-
itoring to be a useful methodology for surveying noc-
turnal bird species (Frommolt & Tauchert 2014;
Schroeder & Mcrae 2020; Pérez-Granados &
Schuchmann 2020a), including temperate owls
(Shonfield & Bayne 2017; Domahidi et al. 2019;
Wood et al. 2019). We would like to highlight that
our study was based on a reduced number of sites
(five) and thus some of our generalizations may require
further research on a larger number of sites to obtain
more robust conclusions about the vocal seasonality of
the species in the region or in the Neotropics.

The diel pattern of vocal activity of the FPO was
restricted to the nocturnal period, with most of the vocali-
zations uttered after sunset and a second peak (higher)
before sunrise. This bimodal pattern is in agreement with
those described for several owls (e.g. Lundberg 1980;
Delgado & Penteriani 2007) but disagrees with other stu-
dies that found that owls were most vocal following sunset
(Palmer 1987; Bull et al. 1989; Ganey 1990). Territorial
vocal activity by this species during the daytime was almost
absent, which is in contrast to the common daily calling
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activity of the Austral Pygmy-Owl in southern Chile
(Glaucidium nana, Norambuena & Mufoz-Pedreros
2012). The nocturnal pattern of vocal activity with a large
number of vocalizations before sunrise agrees with those
found using the same monitoring technique in several
nocturnal bird species in the study area, such as the Little
Nightjar (Setopagis parvula), the Common Pauraque
(Nyctidromus albicollis) (Pérez-Granados & Schuchmann
2020a), and the Great Potoo (Nyctibius grandis, Pérez-
Granados & Schuchmann 2020b). It is noteworthy to men-
tion the low number of days in which the FPO was vocally
active throughout the monitored annual cycle since the
number of vocally active days during the monitored year
ranged between 25 and 35 at four of the five monitored
stations (Table 1). At station E, the species was only
detected on five monitoring days, suggesting that this
area was not occupied by a territorial male. Our study
suggests that the species might not be easily recorded
when performing traditional field surveys without broad-
casting calls. Therefore, call-broadcast surveys might be an
attractive choice for studies aiming to detect species pre-
sence since the probability of detecting the FPO is increased
when using recorded calls (Proudfoot & Beasom 1996).
The vocal activity of the FPO showed marked sea-
sonality, with high vocal activity between June and
August. This peak of vocal activity may correspond to
the courtship, laying and incubation periods of the
species in the study area in accordance with the typical
increase in owls’ vocal activity during these periods
(Lundberg 1980; Delgado & Penteriani 2007; Barnes
& Belthoff 2008; Zuberogoitia et al. 2019). In contrast,
the decrease in vocal activity after August might be
related to the fact that FPO males tend to vocalize
less often during the onset of brooding and the nestling
period than during other periods (Proudfoot &
Johnson 2000; Flesch & Steidl 2007), which is likely
because they invest more time hunting for and feeding
the nestlings, consistent with patterns found in other
owls during nesting periods (Delgado & Penteriani
2007; Zuberogoitia et al. 2019). This suggests that the
nesting phase of the species in the Brazilian Pantanal
starts at the end of the dry season (Figure 4), consistent
with previous studies that declared that the FPO laid
during the dry to early wet season (Holt et al. 2020).
The FPO is considered to be a generalist predator that
utilizes different prey according to region and season,
but its diet is mainly composed of small mammals,
birds, and insects (Proudfoot & Beasom 1997; Carrera
et al. 2008; Sarasola & Santillin 2014). The proposed
period of nesting activity occurred from September
onwards, a period that corresponds with an increase
in Coleoptera abundance in the Brazilian Pantanal
(Marques et al. 2010, 2011; Carneiro et al. 2016) due
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to the positive effect of the first rainfalls (which took
place in September during the monitored annual cycle,
Figure 4) on insect abundance (Wolda 1978; Jetz et al.
2003). However, we have no observational data to
confirm the proposed seasons of incubation and nest-
ing activity.

According to our results, we recommend that park
managers and scientists aiming to monitor the FPO use
traditional techniques (e.g. broadcast calls to increase
probability detection) or autonomous sound recorders
and that future surveys should be carried out during
the end of the dry season (June-August in the Brazilian
Pantanal) and during the hour prior to sunrise since
these months and hours are the optimal periods for
detecting this species. The low spontaneous vocal activ-
ity of the species suggests that a combined methodol-
ogy using autonomous sound recorders and playback
equipment, programmed to broadcast at periods of
interest, may be a good method to increase the prob-
ability of detecting the species.

This study improves our understanding of the vocal
behavior of Neotropical nocturnal birds and the spon-
taneous vocal activity of owls, two topics that have
been poorly studied to date (but see Odom & Mennill
2010; Baldo & Mennill 2011; Koloff & Mennill 2013;
Zuberogoitia et al. 2019; Pérez-Granados &
Schuchmann 2020b). Here, we demonstrated that the
use of autonomous sound recorders, coupled with sig-
nal recognition software, can be a useful technique for
monitoring the calling activity of owls without altering
their behavior with broadcasted calls. Monitoring the
vocal activity of the FPO would have been difficult
using traditional field surveys due to the nocturnal
habit of the species and its low vocal activity. This
technique allows researchers to evaluate the relation-
ships between the vocal activity of owls and weather
conditions and moon phases, an interesting topic for
which available information is very limited (Braga &
Motta-Junior 2009; Pérez-Granados et al. 2021). Long-
term monitoring programs aiming to monitor the FPO
or other nocturnal bird species should evaluate passive
acoustic monitoring as a reliable tool for detecting
spatial movements (Blumstein et al. 2011) or popula-
tion declines (Buxton et al. 2013) or assessing the
habitat selection of the selected species (Ethier &
Wilson 2019).
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