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Biology of Tropical Birds

Vocal activity of lowland forest birds in eastern Ecuador varies by foraging
strata, guild, and species during the first hours of the morning

La actividad vocal de las aves de bosques de tierras bajas en el este de Ecuador varia
entre estratos de forrajeo, gremios y especies durante las primeras horas de la mafiana
John G. Blake'”

ABSTRACT. Patterns of vocal activity vary among tropical bird species, with some tending to sing before or close to dawn (“dawn
chorus”) whereas others are more likely to vocalize later in the morning. Timing of vocal activity can, therefore, affect the results of
bird counts which often rely heavily on vocalizations for species identification. Passive acoustic monitoring (PAM), which uses
autonomous recording units (ARUs) to record vocalizations at a set schedule, allows birds to be sampled at multiple points
simultaneously and can be set to record over extended time periods at single points. Thus, monitors provide an effective way to document
vocal activity patterns during the morning when birds are typically most active. I used ARUs to record vocal activity of birds at a
lowland forest site in eastern Ecuador during 2013-2017 on two 100-ha study plots. Monitors were set to record for 10-min periods
followed by a 5-min break from 0545 to 0810. Species were identified by listening to the recordings, with presence of species noted
during each 10-min period. Activity (number of species occurrences per period) was examined by strata (understory, canopy), guild,
and by individual species. Overall patterns of activity (all species combined) increased rapidly from before dawn to about 0630 and
then gradually decreased. The pattern was the same on both plots and consistent across years on each plot. Activity patterns differed
among strata, guilds, and individual species. Understory birds peaked in activity before canopy birds and then declined to a point where
there was less vocal activity than among canopy birds. Terrestrial granivores, omnivores, and frugivores all showed an early morning
peak followed by a rapid decrease in contrast to arboreal species that increased in activity throughout the morning. Terrestrial insectivores
did not differ from bark insectivores in their patterns of activity even though bark insectivores forage at higher strata. Substantial
variation among species within different guilds also was apparent and illustrates that patterns of activity can vary even among species
that forage in similar ways. Passive acoustic monitoring is a useful method for sampling bird activity because multiple monitors can
be active at the same time across multiple points.

RESUMEN. Los patrones de actividad vocal varian entre las especies de aves tropicales, con algunas tendiendo a cantar antes o cerca
del amanecer (“coro del amanecer”) mientras que otras son mas propensas a vocalizar mas tarde en la mafiana. El momento de la
actividad vocal puede, por lo tanto, afectar los resultados de los conteos de aves, que a menudo dependen en gran medida de las
vocalizaciones para la identificacion de las especies. Los monitoreos acusticos pasivos (MAP), los que utilizan unidades de grabacion
autéonoma (UGAs) para grabar las vocalizaciones en un esquema de horarios establecido, permiten muestrear a las aves en diferentes
puntos simultadneamente y configurar los equipos para grabar durante periodos de tiempo prolongados en cada punto. Asi, este
monitoreo proporciona una forma efectiva para documentar los patrones de actividad vocal durante la mafnana, cuando las aves estan
tipicamente mas activas. Utilicé UGAs para grabar la actividad de las aves en un sitio de bosques de tierras bajas en el este de Ecuador
durante 2013-2017 en dos parcelas de estudio de 100 ha. Las UGAs fueron configuradas para grabar durante periodos de 10 min
seguidos de una pausa de 5 min, entre las 0545 y las 0810. Las especies fueron identificadas mediante la escucha de las grabaciones,
registrando la presencia de las especies en cada periodo de 10 min. La actividad (niimero de especies por periodo) fue examinada por
estratos (sotobosque, dosel), gremios, y especies. Los patrones de actividad general (todas las especies combinadas) aumentaron
rapidamente desde antes del amanecer hasta cerca de las 0630 y luego decrecieron gradualmente. El patron fue el mismo en las dos
parcelas y consistente a lo largo de los afios en cada parcela. Los patrones de actividad difirieron entre estratos, gremios y especies. Las
aves del sotobosque alcanzaron un punto maximo de actividad antes que las aves de dosel y luego declinaron hasta un punto donde
presentaron menos actividad vocal que las aves de dosel. Los granivoros terrestres, omnivoros y frugivoros mostraron un punto maximo
de actividad temprano en la mafiana seguido por un rapido decrecimiento en contraste con las especies arbdreas que incrementaron
suactividad a lo largo de la mafana. Aunque los insectivoros de corteza forrajean en un estrato mas alto, no difirieron de los insectivoros
terrestres en sus patrones de actividad. También se encontr6 una considerable variacion entre especies dentro de los diferentes gremios,
lo que muestra que los patrones de actividad pueden variar atn entre especies que forrajean de forma similar. El monitoreo actistico
pasivo es un método adecuado para muestrear la actividad de las aves puesto que multiples unidades de grabacion pueden permanecer
activas al mismo tiempo en diferentes puntos.
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INTRODUCTION

Passive acoustic monitoring (PAM), which uses autonomous
recording units (ARUs), can be an effective method for sampling
birds and other organisms (Aide et al. 2017, Sugai et al. 2019,
Blake 2021, Ross et al. 2023). Passive acoustic monitoring has
been used to assess bird species richness and abundance (Celis-
Murillo et al. 2009, Ribeiro et al. 2017), to conduct rapid
inventories of bird species (Stevens et al. 2019), to estimate density
(Sebastian-Gonzalez et al. 2018; refer to review in Pérez-
Granados and Traba 2021), and to determine effective sampling
schemes (de Araujo et al. 2021, Metcalf et al. 2022). Use of ARUs
has been suggested as an alternative to point counts for avian
monitoring (Alquezar and Machado 2015, Leach et al. 2016,
Darras et al. 2018a) and they have proven useful for assessing
effects of habitat disturbance, such as gold mining and habitat
fragmentation (Alvarez-Berrios et al. 2016, de Camargo et al.
2019). Acoustic indices, derived from ARU recordings, have also
been suggested as a proxy for biodiversity (Jorgeetal. 2018, Alocer
et al. 2022). Their effectiveness for biodiversity monitoring has,
however, been questioned (Bicudo et al. 2023). Changes in bird
abundance and distribution are often evaluated based on
differences in numbers of calls (vocal activity rate, detection rate;
Hutschenreiter et al. 2024). These new indices may prove valuable
for assessing relative abundance.

ARUs have the benefit that multiple locations can be sampled
simultaneously, unlike point counts which typically are restricted
to sampling a single point at a time. By spreading monitors over
a wide area, temporal and spatial variation in vocal activity can
be assessed. Tropical bird species often differ in temporal patterns
of vocalization (Parker 1991, Blake 1992, Antunes 2008, Hart et
al. 2015, Oliveira et al. 2023) with the dawn chorus typically a
time of peak activity for many species. Some species only sing just
before dawn (e.g., some woodcreepers, tinamous, ovenbirds)
whereas others typically sing later in the morning (e.g., many
parrots, toucans; Blake 1992). Given that birds vary in fine-scale
spatial distribution patterns [e.g., in response to small-scale
variation in habitat (Menger et al. 2017)], the number and identity
of species vocalizing at a given point will vary both with time and
space. Birds also may vary their use of space and time to minimize
acoustic interference with other birds or insects (Luther 2009;
Tobiasetal. 2014). Most bird species are not uniformly distributed
across habitats and microhabitats (e.g., Menger et al. 2017, dos
Anjos et al. 2022) so sampling multiple points simultaneously, as
is possible with ARUs, may provide a better understanding of
how vocal activity varies over time and space. Such knowledge is
particularly important for species that are patchily distributed
and/or that limit their vocal activity to specific times in the
morning. Yet, there have been few studies that have used PAM to
examine temporal variation in vocal activity (de Aratjo et al.
2023, 2024, Metcalf et al. 2022).

Here, I use data from a study conducted in lowland forest of
eastern Ecuador that used ARUs to sample birds on two 100-ha
study plots (Blake 2021). Monitors acted as point counts,
sampling birds for ten 10-min periods starting at 0545, when
nocturnal species were still vocalizing and diurnal birds were
starting to sing. My major objectives were to examine how and if
vocal activity varied over time (over two hours in the morning,
across years) and space (between plots) for birds that use different
foraging strata (i.e., canopy vs. understory), for foraging guilds
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(e.g., insectivore, frugivore), and for individual species. To my
knowledge, this is the first study to have examined vocal activity
patterns across multiple points, plots, and years. Thus, this study
is unique in the temporal and spatial coverage of activity patterns
of multiple species in a diverse lowland Neotropical forest.

METHODS

Study site

Research was conducted at Tiputini Biodiversity Station (TBS),
Orellana Province, Ecuador (ca 0°37’S, 76°10” W, 190-270 meters
above sea level). TBS is located on the north bank of the Tiputini
River, bordering Yasuni National Park and within Yasuni
Biosphere Reserve, one of the most diverse regions of the world
(Bass et al. 2010). The station and nearby areas are dominated by
terra firme forest (Bredin et al. 2020); vdrzea forest, palm swamps,
and various successional habitats also are present. Mean annual
precipitation at Yasuni Research Station, approximately 30 km
WSW of TBS, is about 3100 mm (Blake et al. 2011).

Two ca 100-ha plots (ca 1 km x 1 km each) were established in
terra firme forest during 2001. Both plots are gridded (100-m east-
west x 200-m north-south grid lines) and marked with 1.5-m PVC
tubes at 50-m intervals. The Harpia plot ranges from ~201 to 233
m elevation and is characterized by more dissected upland forest.
The Puma plot s flatter overall although elevation range is similar,
from ~209 to 235 m. Flat areas on Puma may have pools of
standing water after prolonged, heavy rains. Dominant vegetation
on both plots is tall, evergreen forest. Treefalls are a common
occurrence and cause local, small-scale variation in habitats that
may influence distribution patterns of some species. Overall
patterns of diversity and abundance of birds are similar on the
two plots (Blake 2007, 2021, Blake and Loiselle 2009, 2015) but
there are differences in the distribution and abundance patterns
of individual species. Those differences might be expected to
influence vocal activity patterns.

Bird sampling

Birds were sampled during January—March, 2013-2017, with
acoustic monitors (Song Meter SM2+, Wildlife Acoustics, Inc.,
Maynard, MA, USA) equipped with two SMX-II omnidirectional
microphones. Monitors were attached to trees ~1.5 m above
ground along transects on each plot, with monitors 200-225 m
apart. Five monitors were deployed simultaneously on each plot
(i.e., 10 ARUs/day) on transects located 200 m apart (e.g., on east-
west transects). Monitors were left in place until two mornings
without rain had elapsed and were then moved 200 m east (or
west, depending on the plot) to alternate transects until 25
separate points were sampled on each plot (Fig. 1). Monitors were
set to record for 10 min followed by a 5-min break, starting at
0545 hr and ending at 0810 hr, for a total of 10 recording sessions
in a morning. I set monitors to record at a sampling rate of 16
kHz, providing a detection window up to 8 kHz, which
encompassed the great majority of bird vocalizations, particularly
those in the understory and louder canopy species (Dooling 2004,
Weir et al. 2012). Aide et al. (2017), for example, found that most
bird vocalizations were less than § kHz. Thus, although monitors
likely missed some species, particularly canopy species with high
frequency or quiet songs, they sampled most birds whose
vocalizations were detectable by recorders placed close to ground
level.
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Fig. 1. Map of Tiputini Biodiversity Station, Ecuador, showing
locations of ARUs on two 100 ha study plots (Puma, Harpia).
This map was originally published in Blake (2021).
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Recordings were manually reviewed to identify species;
identifications were based on my knowledge of bird songs and
calls and by comparisons to published songs and calls from birds
in Ecuador. I also used Song Scope 4.1.5 (Wildlife Acoustics, Inc.,
Maynard, MA, USA) to visualize spectrograms of the different
callsand songs, which aided identifications. No attempt was made
to determine numbers of individuals recorded per species in a
given 10-min period nor to estimate distance; thus, all analyses
are based on numbers and identities of species per recording
period.

Analyses

Numbers of species identified from recordings were summarized
by point and time for one day of sampling per point per year.
Time constraints precluded using both days of recordings.
Further, only 14 points were sampled on Puma during 2013
because of time constraints and data from 2016 on Puma were
not included as most recorders failed to work properly. When
summarizing data from one period (i.e., 10-min interval), I only
counted a given species, including unidentified species, once no
matter how many times the species vocalized during the count
period. Vocal activity was assessed based on the number of 10-
min periods during which a species was identified. With 25 points
and ten 10-min periods, a given species could be counted as
present a maximum of 250 times per plot per year. The actual
number of records was always less as no species vocalized at all
points and during all 10-min periods. Species were classified by
foraging strata (canopy, including subcanopy; understory,
including ground) following Karr et al. (1990) and by guild
(arboreal frugivore; terrestrial frugivore; arboreal granivore;
terrestrial granivore; arboreal omnivore; bark insectivore,
including trunk and superficial surface; terrestrial insectivore,
including gleaning and sallying; arboreal gleaning insectivore;
arboreal sallying insectivore) following Terborgh et al. (1990) to
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examine the effects of strata and resource use on vocal activity.
A previous study (Blake 1992) demonstrated distinct differences
in vocal activity of canopy and understory species.

Correlation coefficients were used to compare patterns of activity
between plots, between strata, and among guilds between plots.
Analyses were conducted with Statistix 10.0 (Analytical Software
2013). Species level comparisons were based on data combined
across plots.

RESULTS

I accumulated 16,631 records of both identified and unknown
species summed across points on Harpia across all years (2013 -
3276; 2014 - 3570; 2015 - 3387; 2016 - 3299; 2017 - 2099) and
11,465 on Puma (2013 - 2098; 2014 - 3183; 2015 - 3334; 2017 -
2850). Refer to Appendix 1 for a complete list of species by plot.

Number of records, expressed as percentage of total records,
increased rapidly from 0545 to about 0630 before gradually
decreasing on both plots (Fig. 2). With all years combined, the
pattern was highly correlated between plots (r = 0.99, p < 0.001).
Similar patterns were observed every year, with correlations
between years on a given plot and between plots for years
separately > 0.95 in almost all cases; correlation between 2013
and 2014 on Harpia was 0.87.

Fig. 2. Percentage of vocal activity records by time (10-min
periods) based on all records, including unidentified species, for
both plots with all years combined (a) and for Harpia (b) and
Puma (c) by year.
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Given the lack of variation among years, [ combined data across
years to examine patterns by strata and guild. Unidentified
vocalizations accounted for from 4.5 to 8.5% of all records and
were not included in these analyses. Vocal activity of understory
birds increased rapidly from 0545 to about 0630 before decreasing
(Fig. 3); the pattern was the same on both plots (r = 0.96, p <
0.001). Vocal activity of canopy birds was lower than that of
understory birds until about 0645 but did not show the same
pattern of decreased activity later in the morning. Again, patterns
were the same on both plots (r = 0.98, p < 0.001). Vocal activity
of understory and canopy birds were less correlated with each
other, particularly on Puma (canopy vs. understory: Harpia, r =
0.65, p < 0.05; Puma, r = 0.32, p = 0.38).

Fig. 3. Percentage of vocal activity records by time (10-min
periods) on each plot for canopy and understory species.
Foraging strata (canopy, including subcanopy; understory,
including ground) follows Karr et al. (1990).
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Vocal activity patterns of guilds were, with one exception, highly
correlated (r > 0.90, p < 0.001) between plots (Fig. 4). The lone
exception was for terrestrial frugivores which showed a somewhat
different pattern between plots (r = 0.49, p = 0.149). That
difference partially reflected activity patterns of Mitu salvini,
which was more commonly recorded on Puma and which
primarily sang just before dawn, and Geotrygon montana, which
was more common on Harpia and which sang more frequently
later in the morning (Fig. 5).

Patterns of activity were similar for some guilds but differed
among others. For example, percentage of records for arboreal
frugivores was lower than for terrestrial frugivores until about
0645; arboreal frugivore activity continued to increase
throughout the sample period whereas terrestrial frugivores
decreased (Fig. 4a). Terrestrial granivores showed a rapid increase
in activity until 0615 but then showed a rapid decrease until 0800
(Fig.4b). In contrast, arboreal granivores and arboreal omnivores
increased in activity throughout the morning. Bark insectivores
and terrestrial insectivores both increased rapidly until 0630
before declining gradually (Fig. 4c). Finally, arboreal sallying
insectivores and arboreal gleaning insectivores showed similar
overall patterns, with gleaning insectivores showing less activity
early on and slightly greater activity later in the morning (Fig. 4d).
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Fig. 4. Percentage of vocal activity records by time (10-min
periods) on each plot (Harpia — H; Puma -P) for different sets of
foraging guilds: a) frugivores, b) bark and terrestrial insectivores,
c¢) granivores and omnivores, and d) gleaning and sallying
insectivores. Guild designations follow Terborgh et al. (1990).
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Number of records per species was highly correlated between plots
(r=0.84, p <0.000, 217 species) and results from the two plots were
combined to examine overall patterns. Most species were represented
by relatively few records (Table 1). Only 12 species were represented
by 500 or more records whereas 114 species were represented by <
50 records. There were 62 species with 10 or fewer records (Table 1),
accounting for 28.6% of species but only 1.0% of records.

Activity patterns for individual species were examined for species
with at least 150 records. Although some species within guilds
showed similar patterns of activity (Figs. 5, 6), others did not. For
example, large canopy frugivores (Fig. 5a) had very similar patterns,
generally increasing throughout the morning. In contrast, among
arboreal frugivores in the subcanopy or understory, Lepidothrix
coronata showed lower activity early in the morning compared to
other species (Fig. 5b) but higher activity later (from 0730 on).
Arboreal granivores (Fig. 5¢) showed more similar patterns to each
other than did terrestrial granivores (Fig. 5d). Crypturellus
variegatus, for example, was more active than other terrestrial
granivores during the first two count periods before declining to a
low level at the end of the morning (Fig. 5d). In contrast, Tinamus
major increased activity rapidly during the first three periods but
then rapidly declined. Some arboreal omnivores showed very
different patterns (Fig. 5e) whereas others showed more consistent
patterns of activity (Fig. 5f). Mitu salvini, a terrestrial frugivore,
provides anillustration of species whose activity is highest just before
dawn but which falls rapidly afterwards; Geotrygon montana, in
contrast, gradually increased in activity and then gradually
decreased (Fig. 5g).

Insectivores also showed a variety of patterns within guilds (Fig. 6).
Among bark insectivores, two woodcreepers showed higher activity
levels earlier in the morning than did two woodpeckers (Fig. 6a).
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Fig. 5. Percentage of vocal activity records by time (10-min
periods) on each plot for different frugivores, granivores, and
omnivores, following Terborgh et al. (1990). Species codes:
Amafar — Amazona farinosa, Aramac — Ara macao, Attspa —
Attila spadiceus, Brocya — Brotogeris cyanoptera, Capaur —
Capito auratus, Chipar — Chiroxiphia pareola, Crycin —

Crypturellus cinereus, Cryvar — C. variegatus, Geomon —
Geotrygon montana, Lepcor — Lepidothrix coronata, Lipvoc —

Lipaugus vociferans, Mitsal — Mitu salvini, Patplu - Patagioenas
plumbea, Piomel — Pionites melanocephalus, Psavir — Psaracolius

viridis, Quepur — Querula purpurata, Ramtuc — Ramphastos
tucanus, Ramvit — R. vitellinus, Salgro — Saltator grossus,

Tingut — Tinamus guttatus, Tinmaj — T. major, Tromel — Trogon

Journal of Field Ornithology 95(3): 12
https://journal.afonet.org/vol95/iss3/art12/

Table 1. Numbers of species with different ranges of records of
activity. Data were combined from two 100-ha study plots (Harpia,
Puma) at Tiputini Biodiversity Station, Ecuador.

melanurus, Troruf — T. rufus, Trovir — T. viridis, Turalb — Turdus
albicollis, Turlaw — T. lawrencii, Tyrsto — Tyranneutes
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Three terrestrial insectivores, in contrast, showed similar patterns
of activity during the morning (Fig. 6b). Arboreal sallying
insectivores showed a variety of different patterns; Thamnomanes
ardesiacus and T. caesius are both important members of mixed-
species flocks but showed distinctly different patterns of vocal
activity (Fig. 6¢). Some arboreal gleaning insectivores had similar
patterns of activity (Fig. 6d, f) whereas others did not (Fig. 6e,
g). Pygiptila stellaris (Fig. 6e), for example, showed a much higher
peak of activity early in the morning compared to others. Three
Myrmotherula antwrens (Fig. 6g) showed different patterns
although all are common in mixed-species flocks.

Range of Species % of total Records % of total
records species records
>499 12 5.5 8658 327
400-499 7 3.2 3125 11.8
300-399 8 3.7 2809 10.6
200-299 16 7.4 3860 14.6
150-199 14 6.5 2434 9.2
100-149 12 5.5 1462 5.5
50-99 34 15.7 2499 9.4
1-49 114 52.5 1667 6.3
1-10 62 28.6 269 1.0
DISCUSSION

Patterns of overall vocal activity of birds during early morning (first
two hours) on two 100-ha study plots in lowland eastern Ecuador
were very similar both between plots and across years. There was a
rapid increase in total activity from just before dawn until
approximately 1 hour after dawn after which activity remained
relatively constant. Yet, that consistency in overall numbers of
detections obscured substantial variation among different strata,
guilds, and species. Understory birds, for example, peaked in activity
before canopy birds and declined to a point where there was less
activity than among canopy birds. This follows a similar pattern
found in an earlier study in Costa Rica (Blake 1992). Similarly,
terrestrial granivores, omnivores, and frugivores all showed an early
morning peak followed by a rapid decrease in contrast to arboreal
species that increased in activity throughout the morning. Terrestrial
insectivores, on the other hand, did not differ from bark insectivores
in their patterns of activity even though bark insectivores forage at
higher strata. Substantial variation among species within different
guilds also was apparent and illustrates that patterns of activity can
vary even among species that forage in similar ways.

Total activity on both plots remained fairly constant with a slight
decrease after about 0630. Similarly, number of species recorded
during different time periods also remained fairly constant after
~0630, based on the same data (Blake 2021). Yet, species
accumulation curves based on these same data continued to increase
throughout the morning (Blake 2021) indicating turnover in species
composition during the different times of the morning. This
turnover reflects the different patterns of activity among species,
with some increasing in activity earlier in the morning and some
later. A similar pattern of turnover in species composition was seen
by Oliveira et al. (2023), who found a peak in richness early in the
morning with few additional species counted after the first two
hours.

Temporal variation in detectability is an important consideration
when sampling birds because species differ in timing of activity
(Skutch 1954, 1960, Parker 1991, Blake 1992, Metcalf et al. 2022,
de Araujo et al. 2024, Hopping et al. 2024). Some species tend to
sing mostly just before or near dawn (e.g., Baryphthengus martii,
Bucco capensis, Dendrexetastes rufigula, Micrastur spp., Mitu
salvini); others primarily within the first hour or so after dawn (e.g.,
Thamnomanes ardesiacus, Thamnophilus murinus, Tinamus major,
Turdus albicollis); and others with greater activity later in the
morning (e.g., Ara macao and other psittacids, Pachysylvia
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Fig. 6. Percentage of vocal activity records by time (10-min
periods) on each plot for different insectivores, following
Terborgh et al. (1990). Species codes: Barmar - Baryphthengus
martii, Cammel — Campephilus melanoleucos, Celgra — Celeus
grammicus, Cercin — Cercomacra cinerescens, Cymlin —
Cymbilaimus lineatus, Glyspi — Glyphorynchus spirurus,

Pachyp — Pachysylvia hypoxantha, Hylnae — Hylophylax naevia,
Hypper — Hypocnemis peruviana, Liotho — Liosceles thoracicus,
Myraxi — Myrmotherula axillaris, Myrbra — M. brachyura,
Myrcam — Myrmothera campanisona, Myrlon — Myrmotherula
longipennis, Myrmyo — Myrmoborus myotherinus, Phecor —
Pheugopedius coraya, Phiert — Philydor erythroptera, Pygste —
Pygiptila stellaris, Rammel — Ramphocaenus melanurus,
Thaard — Thamnomanes ardesiacus, Thacae — T. caesius,
Thamur — Thamnophilus murinus, Thasch — T. schistaceus,
Tolass — Tolmomyias assimilis, Wilpoe — Willisornis poecilinotus,
Xipgut — Xiphorhychus guttatus.

N
3
2

7 b) terrestrial insectivores

» . .
° i &\ bark insectivores 16 4
8 161 </ .
2 1 X 12
5 124 4
g T H
8 4 :
& 8 :
- - H
5 ]
- B 44
% ¢ J & ——-v-—— Cammel 147 = Mymyo
o i —.—f.—.  Celgra '/
0 v T T T T T T T T T 0 T T T T T T T T T T
= c) /A 7 d)arboreal gleaning insectivores
24 I\ ——e—— Barmar 16
1N Onerenn Tolass
20 \ - ———v-—— Thacae 12
N\, ———-  Thaard

‘. - ’I ———v-—— Thamur
1 arboreal sallying ~ —— Thasch

_4 insectivores
T T T T

Percentage of records
N

} A
L pe
T T T T 0 v T T T T T T T T T

e) arbor%al gleaning insectivores f) arboreal gleaning insectivores

~ A
Hypper ~w— -5
Phecor

L

Pygste
——-y-——Rammel 4

Percentage of records

A /S ——————Wilpoe
;:/ —--—-—-- Phiert - —..—A-—-  Hylnae
O —=t—T—T—T T T T T O —T—T T T T T T T 7T
O D O D 0D O D 0D
%79 a —e— Myrbra FE QP AA A A
20 o’ 0w Myraxi -
R - —-¥— Myrlon Tlme

“o....
arboreal gleaning .o ©
insectivores
0 T T T T T T T T T T

N N N N L
P ® D P S A0S 4P S

Time

Percentage of records
S
N T T T T T T T I |

hypoxantha, Lepidothrix coronata, Querula purpurata, Ramphastos
spp.). Thus, timing of counts may depend on whether a study is
focused on specific species or the entire community. De Aratjo
et al. (2021) found that most birds called between 0500 and 0700
at a site in Atlantic rainforest of Brazil and concluded that was
the most effective sampling period for a community study; that
study was, however, based on recordings at a single site over five
days in one year. Hopping et al. (2024) demonstrated significant
temporal variation in vocal activity of birds both within the dawn
hour and across days. As demonstrated with this study, some
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species are more active later in the morning and may not be
detected if count periods are too short. Given the turnover in
species composition through the morning, longer count periods
may be needed to ensure a more complete enumeration of species.
Continuing counts for at least two hours after sunrise, as in this
study, may allow additional species to be detected. Oliviera et al.
(2023) found that the first 1 hr 45 min of the morning was the
best time for sampling most species but that longer periods could
be needed to increase the chances of recording locally rare species.
Similarly, because community composition can vary substantially
across years (e.g., Blake and Loiselle 2015, 2024, Stouffer et al.
2020, Pollock et al. 2022), sampling vocalizations across multiple
years may also provide a better description of variation in
temporal vocalization patterns. In addition, because some species
may be locally rare (Terborgh et al. 1990, Oliviera et al. 2023) and
recorded at relatively few points (Blake 2021), many points may
need to be sampled to achieve a full enumeration of species present
in a study area.

Patterns of activity may reflect a variety of different influences
that may affect species in different ways. For example, differences
in activity patterns among guilds suggest that foraging behavior
may have an influence on patterns of activity, perhaps reflecting
availability of prey items. Early morning hours may also be better
for sound transmission in dense tropical forests because
background noise may be lower and the broadcast area greater
than later in the morning (Henwood and Fabrick 1979), which
might help explain why vocal activity of many species is higher
early in the morning, particularly in the dense understory. Further,
birds are known to adjust timing and rate of vocalizations to avoid
overlap/interference with other species (Luther 2009). For
example, timing of activity may reflect the need to avoid overlap
with insect vocalizations which may interfere with transmission
(or reception) of bird vocalizations. Hart et al. (2015) found that
birds avoid overlap with vocalizations of a cicada (Zammara
smaragdina). In that study, birds vocalized with little interference
during the first 2-3 hr after dawn but number of vocalizations
and number of species vocalizing dropped significantly after
cicadas started making noise after about 0840 in the morning.

Bird species in tropical forests often are rare and/or are spatially
restricted by habitat/microhabitat conditions (Terborgh et al.
1990, Robinson et al. 2000, Blake and Loiselle 2009, Bueno et al.
2012, Pomara et al. 2012, Menger et al. 2017). Point counts often
may not encounter such spatially restricted species given that
counts typically do not simultaneously cover multiple points.
ARUSs, on the other hand, can be deployed across multiple points
at the same time, recording species vocalizations over a greater
area and increasing the potential to encounter species that occur
at few points. In this study, almost 30% of species were recorded
fewer than 10 times; many were recorded at only one point (Blake
2021). Spacing of ARUs will affect probability of detection of
different species, given that detection ranges can vary among
species, among habitats, and with differences in weather
conditions (e.g., Darras et al. 2016, Winiarska et al. 2024). Thus,
knowledge of detection ranges of different species may be useful
for determining the appropriate spacing pattern for ARUs,
depending on the study objectives (Darras et al. 2018b). As with
point counts, if ARUs are too close together there is the possibility
that some species may be detected simultaneously at more than
one recorder. In the current study, ARUs were at least 200 m apart,
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atypical spacing for point counts and one that is likely to preclude
double-counting most species. PAM also benefits from the ability
to simultaneously sample multiple points for several hours in the
morning and, as a consequence, may be more likely to detect
species at a given point, particularly species that only sing for brief
periods (e.g., Dendrexetastes rufigula, Bucco capensis).

CONCLUSIONS

Tropical lowland forests are among the most diverse regions for
birds, whose vocal activity can vary tremendously. Thus, when
designing studies to sample birds, knowledge of the patterns of
vocal activity can be important, particularly given that most
identifications of birds in tropical forest surveys are based on
auditory contacts rather than visual (personal observation). PAM
provides a mechanism for assessing variation in activity patterns
of multiple species and can do so over wider areas and longer
periods than are typical for assessments based on point counts.
Overall patterns of activity in this study were very consistent
across years and between plots separated by about 1.5 km,
suggesting that vocal activity is predictable at some scales. For
example, samples early in the morning, typically starting before
dawn, are likely to record the most species (Blake 1992, Antunes
2008, de Araujo et al. 2021) although they may miss some species
that start to sing later in the morning. Results of this study clearly
demonstrated that vocal activity varies among groups that differ
in foraging behavior (strata used, diet). Yet, individual species
within such groups often display different patterns of vocal
activity, making generalizations about species within a guild or
other group problematic. Causes of such variation in behavior
may be related to factors that influence sound transmission and
reception, such as habitat structure, sounds from insects or other
organisms that mask bird sounds (Hart et al. 2015) or interference
from other species in production and reception of sounds (Luther
2008, 2009). Additional studies would be needed to parse out the
influence of such factors on vocal activity of birds.
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Appendix 1. Numbers of records by species for two 100-ha study plots, Harpia and Puma, from recordings made 2013-2017. Taxonomy
follows Remsen et al. (2024). Guilds are from Terborgh et al. (1990).

Family Scientific Common Code Guild | Harpia | Puma
Accipitridae Buteo magnirostris Roadside Hawk BUTMAG RD 1
Accipitridae Leucopternis melanops Black-faced Hawk LEUMEL RD

Accipitridae Leucpternis schistaceus Slate-colored Hawk LEUSCH RD 5
Bucconidae Bucco capensis Collared Puffbird BUCCAP IAS 52 30
Bucconidae Malacoptila fusca White-chested Puffbird MALFUS IAS 23 19
Bucconidae Monasa morphoeus White-fronted Nunbird MONMOR IAS 50 10
Bucconidae Nonnula brunnea Brown Nunlet NONBRU IAS 66 31
Bucconidae Notharchus hyperrhynchus White-necked Puffbird NOTHYP IAS 10 11
Capitonidae Capito auratus Gilded Barbet CAPAUR OA 534 334
Capitonidae Eubucco richardsoni Lemon-throated Barbet EUBRIC OA 4 28
Caprimulgidae Nyctiphrynus ocellatus Ocellated Poorwill NYCOCE ITS 26 5
Cardinalidae Cyanoloxia rothschildi Blue-black Grosbeak CYAROT OA 56 37
Cardinalidae Habia rubica Red-crowned Ant-Tanager HABRUB IAG 1 51
Columbidae Geotrygon montana Ruddy Quail-Dove GEOMON FT 509 345
Columbidae Geotrygon saphirina Saphire Quail-Dove GEOSAP FT 1
Columbidae Leptotila rufaxilla Gray-fronted Dove LEPRUF GT 11 4
Columbidae Patagioenas plumbea Plumbeous Pigeon PATPLU FA 624 425
Columbidae Patagioenas subvinacea Ruddy Pigeon PATSUB FA 13 9
Conopophagidae Conopophaga peruviana Ash-throated Gnateater CONPER ITG 5 3
Corvidae Cyanocorax violaceus Violaceous Jay CYAVIO OA 18 25
Cotingidae Laniocera hypopyrrha Cinereous Mourner LANHYP FA 3
Cotingidae Lipaugus vociferans Screaming Piha LIPVOC FA 331 5
Cotingidae Phoenicircus nigricollis Black-necked Red-Cotinga PHONIG FA 10 5
Cotingidae Querula purpurata Purple-throated Fruitcrow QUEPUR FA 125 79
Cracidae Mitu salvini Salvin's Curassow MITSAL FT 53 114
Cracidae Nothocrax urumutum Nocturnal Curassow NOTURU FT 7

Cracidae Penelope jacquacu Spix's Guan PENJAC FA 32 33
Cracidae Pipile cumanensis Blue-throated Piping-Guan PIPCUM FA 52 41




Cuculidae Piaya cayana Squirrel Cuckoo PIACAY IAG 18 10
Dendrocolaptidae Campylorhamphus trochilirostris Red-billed Scythebill CAMTRO IBS 3

Dendrocolaptidae Deconychura longicauda Long-tailed Woodcreeper DECLON IAS 1

Dendrocolaptidae Dendrexetastes rufigula Cinnamon-throated Woodcreeper | DENRUF IAG 89 45
Dendrocolaptidae Dendrocincla fuliginosa Plain-brown Woodcreeper DENFUL IAS 7
Dendrocolaptidae Dendrocolaptes certhia Amazonian Barred Woodcreeper DENCER IAS 64 47
Dendrocolaptidae Glyphorynchus spirurus Wedge-billed Woodcreeper GLYSPI IBS 256 173
Dendrocolaptidae Nasica longirostris Long-billed Woodcreeper NASLON IBS 8 2
Dendrocolaptidae Xiphocolaptes promeropirhynchus | Strong-billed Woodcreeper XIPPRO IBS 6 6
Dendrocolaptidae Xiphorhynchus obsoletus Striped Woodcreeper XIPOBS IBS 19 26
Dendrocolaptidae Xiphorynchus elegans Elegant Woodcreeper XIPELE IBS 5 64
Dendrocolaptidae Xiphorynchus guttatus Buff-throated Woodcreeper XIPGUT IBS 581 488
Falconidae Daptrius ater Black Caracara DAPATE RD 1

Falconidae Herpetotheres cachinnans Laughing Falcon HERCAC RD 4 5
Falconidae Ibycter americanus Red-throated Caracara IBYAME RD 68 82
Falconidae Micrastur buckleyi Buckley's Forest-Falcon MICBUC RD 1 4
Falconidae Micrastur gilvicollis Lined Forest-Falcon MICGIL RD 70 31
Falconidae Micrastur ruficollis Barred Forest-Falcon MICRUF RD 5 11
Falconidae Micrastur semitorquatus Collared Forest-Falcon MICSEM RD 1 4
Formicariidae Chamaeza nobilis Striated Antthrush CHANOB ITG 2 37
Formicariidae Formicarius analis Black-faced Antthrush FORANA ITG 8 83
Formicariidae Formicarius colma Rufous-capped Antthrush FORCOL ITG 42 55
Formicariidae Grallaria dignissima Ochre-striped Antpitta GRADIG ITG 10 78
Formicariidae Myrmothera campanisona Thrush-like Antpitta MYRCAM ITG 342 177
Fringillidae Euphonia lanirostris Thick-billed Euphonia EUPLAN FA 2

Fringillidae Euphonia rufiventris Rufous-bellied Euphonia EUPRUF FA 15 2
Fringillidae Euphonia xanthogaster Orange-bellied Euphonia EUPXAN FA 38 20
Furnariidae Ancistrops strigilatus Chestnut-winged Hookbill ANCSTR IAG 28 7
Furnariidae Automolus infuscatus Olive-backed Foliage-gleaner AUTINF IADL 79 108
Furnariidae Automolus melanopezus Brown-rumped Foliage-gleaner AUTMEL IAG 7 5
Furnariidae Automolus rufipileatus Chestnut-crowned Foliage-gleaner | AUTRUF IAG 6 4




Furnariidae Automolus subulatus Eastern Woodhaunter AUTSUB IADL 102 31
Furnariidae Dendroma erythroptera Chestnut-winged Foliage-Gleaner DENERY IAG 95 109
Furnariidae Philydor erythroptera Rufous-rumped Foliage-gleaner PHIERT IADL 1 8
Furnariidae Philydor pyrrhodes Cinnamon-rumped Foliage-gleaner | PHIPYR IADL 7 18
Furnariidae Sclerurus caudacutus Black-tailed Leaftosser SCLCAU ITG 22 28
Furnariidae Sclerurus obscurior South American Leaftosser SCLMEX ITG 4 3
Furnariidae Sclerurus rufigularis Short-billed Leaftosser SCLRUF ITG 24 52
Galbulidae Galbula albirostris Yellow-billed Jacamar GALALB IAS 55 13
Galbulidae Jacamerops aureus Great Jacamar JACAUR IAS 69 24
Icteridae Cacicus cela Yellow-rumped Cacique CACCEL OA 20 29
Icteridae Clypicterus oseryi Casqued Oropendola CLYOSE OA 2

Icteridae Psaracolius angustifrons Russet-backed Oropendola PSAANG OA 3 24
Icteridae Psaracolius viridis Green Oropendola PSAVIR OA 161 161
Icteridae Psarocolius bifasciatus Olive Oropendol PSABIF OA 4 4
Icteridae Psarocolius decumanus Crested Oropendola PSADEC OA 9 2
Momotidae Barypthengus martii Rufous Motmot BARMAR IAS 176 296
Momotidae Electron platyrhynchum Broad-billed Motmot ELEPLA IAS 8 32
Momotidae Momotus momota Blue-crowned Motmot MOMMOM IAS 1

Nyctibiidae Nyctibius aethereus Long-tailed Potoo NYCAET IAS 21 12
Nyctibiidae Nyctibius bracteatus Rufous Potoo NYCBRA IAS 1

Nyctibiidae Nyctibius grandis Great Potoo NYCGRA IAS 3 2
Nyctibiidae Nyctibius griseus Common Potoo NYCGRI IAS 18 6
Odontophoridae Odontophorus gujanensis Marbled Wood-Quail ODOGUJ GT 11 23
Onychorhynchidae Terenotriccus erythrurus Ruddy-tailed Flycatcher TERERY IAS 7 1
Parulidae Myiothlypis fulvicauda Buff-rumped Warbler MYIFUL ITG 2 1
Picidae Campiphilus melanoleucos Crimson-crested Woodpecker CAMMEL IBI 161 314
Picidae Campiphilus rubricollis Red-necked Woodpecker CAMRUB IBI 115 16
Picidae Celeus elegans Chestnut Woodpecker CELELE IBI 37 20
Picidae Celeus flavus Cream-colored Woodpecker CELFLA IBI 9 20
Picidae Celeus grammicus Scale-breasted Woodpecker CELGRA IBI 131 52
Picidae Celeus torquatus Ringed Woodpecker CELTOR IBI 15




Picidae Dryocopus lineatus Lineated Woodpecker DRYLIN IBI 4 1
Picidae Melanerpes cruentatus Yellow-tufted Woodpecker MELCRU OA 46 49
Picidae Piculus chrysochloros Golden-green Woodpecker PICCHR IBI 5 1
Picidae Piculus flavigula Yellow-throated Woodpecker PICFLA IBI 2 1
Picidae Veniliornis affinis Red-stained Woodpecker VENAFF IBI 7

Pipridae Ceratopipra erythrocephala Golden-headed Manakin CERERY FA 25 10
Pipridae Chiroxiphia pareola Blue-backed Manakin CHIPAR FA 178 86
Pipridae Lepidothrix coronata Blue-crowned Manakin LEPCOR FA 83 68
Pipridae Macheropterus striolatus Striolatedd Manakin MACSTR FA 37 3
Pipridae Pseudopipra pipra White-crowned Manakin PSEPIP FA 19 4
Pipridae Tyranneutes stolzmani Dwarf Tyrant-Manakin TYRSTO FA 136 38
Polioptilidae Microbates cinereiventris Tawny-faced Gnatwren MICCIN IAG 15 10
Polioptilidae Polioptila plumbea Tropical Gnatcatcher POLPLU IAG 1 1
Polioptilidae Ramphocaenus melanurus Long-billed Gnatwren RAMMEL IAG 137 93
Psittacidae Amazona amazonica Orange-winged Amazon AMAAMA GA 4 48
Psittacidae Amazona farinosa Mealy Amazon AMAFAR GA 355 169
Psittacidae Ara ararauna Blue-and-yellow Macaw ARAARA GA 10 17
Psittacidae Ara macao Scarlet Macaw ARAMAC GA 71 138
Psittacidae Ara severus Chestnut-fronted Macaw ARASEV GA 12 30
Psittacidae Aratinga weddellii Dusky-headed Parakeet ARAWED GA 1 1
Psittacidae Brotogeris cyanoptera Cobalt-winged Parakeet BROCYA GA 318 183
Psittacidae Pionites melanocephalus Black-headed Parrot PIOMEL GA 164 59
Psittacidae Pionus menstruus Blue-headed Parrot PIOMEN GA 72 56
Psittacidae Psittacars leucophthalmus White-eyed Parakeet PSILEU GA 1 1
Psophiidae Psophia crepitans Gray-winged Trumpeter PSOCRE FT 6 25
Rallidae Anurolimnas castaneiceps Chestnut-headed Crake ANUCAS Aq 2

Ramphastidae Pteroglossus azara Ivory-billed Aracari PTEAZA FA 20 18
Ramphastidae Pteroglossus pluricinctus Many-banded Aracari PTEPLU FA 33 29
Ramphastidae Ramphastos tucanus White-throated Toucan RAMTUC FA 388 220
Ramphastidae Ramphastos vitellinus Channel-billed Toucan RAMVIT FA 176 142
Ramphastidae Selenidera reinwardtii Golden-collared Toucanet SELREI FA 79 35




Rhinocryptidae Liosceles thoracicus Rusty-belted Tapaculo LIOTHO ITG 451 110
Strigidae Ciccaba huhula Black-banded Owl CICHUH RN 35 40
Strigidae Ciccaba virgata Mottled Owl CICVIR RN 4 6
Strigidae Glaucidium brasilianum Ferruginous Pygmy-Owl| GLABRA RN 2

Strigidae Lophostrix cristata Crested Owl| LOPCRI RN 31 19
Strigidae Megascops watsonii Tawny-bellied Screech-Owl MEGWAT RN 78 87
Strigidae Pulsatrix perspicillata Spectacled Owl PULPER RN 1

Thamnophilidae Cercomacra cinerescens Gray Antbird CERCIN IAG 650 248
Thamnophilidae Cercomacroides serva Black Antbird CERSER IAG 20 13
Thamnophilidae Cymbilaimus lineatus Fasciated Antshrike CYMLIN IAG 283 142
Thamnophilidae Dichrozona cincta Banded Antbird DICCIN ITG 11 2
Thamnophilidae Epinecrophylla erythrura Rufous-tailed Antwren EPIERY IAG 5 9
Thamnophilidae Epinecrophylla haematonota Stipple-throated Antwren EPIHAE IAG 5 7
Thamnophilidae Epinecrophylla ornata Ornate Antwren EPIORN IAG 7
Thamnophilidae Frederickena unduliger Undulated Antshrike FREFUL IAG 59 12
Thamnophilidae Gymnopithys leucaspis Bicolored Antbird GYMLEU IAF 19 8
Thamnophilidae Gymnopithys lunulata Lunulated Antbird GYMLUN IAF 2

Thamnophilidae Hafferia fortis Sooty Antbird HAFFOR IAF 129 62
Thamnophilidae Herpsilochmus dugandi Dugand's Antwren HERDUG IAG 18 5
Thamnophilidae Hylophylax punctulatus Dot-backed Antbird HYLPUN IAG 138 89
Thamnophilidae Hypocnemis hypoxantha Yellow-browed Antbird HYPHYP IAG 90 12
Thamnophilidae Hypocnemis peruviana Peruvian Warbling Antbird HYPPER IAG 256 147
Thamnophilidae Isleria hauxwelli Plain-throated Antwren ISLHAU IAG 31 53
Thamnophilidae Megastictus margaritatus Pearly Antshrike MEGMAR IAG 13

Thamnophilidae Myrmoborus myotherinus Black-faced Antbird MYRMYO ITG 270 184
Thamnophilidae Myrmotherula axillaris White-flanked Antwren MYRAXI IAG 77 151
Thamnophilidae Myrmotherula brachyura Pygmy Antwren MYRBRA IAG 352 270
Thamnophilidae Myrmotherula ignota Moustached Antwren MYRIGN IAG 7 1
Thamnophilidae Myrmotherula longipennis Long-winged Antwren MYRLON IAG 56 108
Thamnophilidae Myrmotherula menetriesii Gray Antwren MYRMEN IAG 32 46
Thamnophilidae Neoctantes niger Black Bushbird NEONIG IAG 1




Thamnophilidae Phlegopsis erythroptera Reddish-winged Bare-eye PHLERY IAF 7 4
Thamnophilidae Pithys albifrons White-plumed Antbird PITALB IAF 2 1
Thamnophilidae Pygiptila stellaris Spot-winged Antshrike PYGSTE IAG 128 118
Thamnophilidae Rhegmatorhina melanosticta Hairy-crested Antbird RHEMEL IAF 14 15
Thamnophilidae Schistocichla leucostigma Spot-winged Antbird SCHLEU ITG 28 25
Thamnophilidae Sclateria naevia Silvered Antbird SCLNAE ITG 2 1
Thamnophilidae Thamnomanes ardesiacus Dusky-throated Antshrike THAARD IAS 130 125
Thamnophilidae Thamnomanes caesius Cinereous Antshrike THACAE IAS 126 203
Thamnophilidae Thamnophilus murinus Mouse-colored Antshrike THAMUR IAG 460 125
Thamnophilidae Thamnophilus schistaceus Plain-winged Antshrike THASCH IAG 249 148
Thamnophilidae Willisornis poecilinotus Scale-backed Antbird WILPOE IAG 278 189
Thraupidae Lanio fulvus Fulvous Shrike-Tanager LANFUL OA 2 1
Thraupidae Saltator grossus Slate-colored Grosbeak SALGRO OA 199 50
Thraupidae Tangara schrankii Green-and-gold Tanager TANSCH OA 1
Thraupidae Tangara spp. Tangara TANSPP OA 1 1
Tinamidae Crypturellus bartletti Bartlett's Tinamou CRYBAR GT 1 20
Tinamidae Crypturellus cinereus Cinereous Tinamou CRYCIN GT 8 152
Tinamidae Crypturellus soui Little Tinamou CRYSOU GT 43 20
Tinamidae Crypturellus undulatus Undulated Tinamou CRYUND GT 33

Tinamidae Crypturellus variegatus Variegated Tinamou CRYVAR GT 157 86
Tinamidae Tinamus guttatus White-throated Tinamou TINGUT GT 217 26
Tinamidae Tinamus major Great Tinamou TINMAJ GT 122 172
Tityridae Pachyramphus castaneus Chestnut-crowned Becard PACCAS IAS 6

Tityridae Pachyramphus marginatus Black-capped Becard PACMAR IAS 1 3
Tityridae Pachyramphus polychopterus White-winged Becard PACPOL IAS 6

Tityridae Schiffornis major Varzea Shiffornis SCHMAI FA 1

Tityridae Schiffornis turdina Brown-winged Shiffornis SCHTUR FA 2 3
Tityridae Tityra cayana Black-tailed Tityra TITCAY OA 8 5
Trochilidae Phaethornis bourcieri Straight-billed Hermit PHABOU NA 3

Trochilidae Phaethornis malaris Great-billed Hermit PHAMAL NA 9 14
Troglodytidae Campylorhynchus turdinus Thrushlike Wren CAMTUR IAG 54 32




Troglodytidae Henicorhina leucosticta White-breasted Wood-Wren HENLEU IAG 76 49
Troglodytidae Microcerculus marginatus Scaly-breasted Wren MICMAR ITG 71 31
Troglodytidae Pheugopedius coraya Coraya Wren PHECOR IAG 145 125
Trogonidae Trogon melanurus Black-tailed Trogon TROMEL OA 113 81
Trogonidae Trogon ramonianus Amazonian Trogon TRORAM OA 19 22
Trogonidae Trogon rufus Black-throated Trogon TRORUF OA 131 38
Trogonidae Trogon viridis Green-backed Trogon TROVIR OA 229 137
Turdidae Turdus albicollis White-necked Thrush TURALB OA 92 103
Turdidae Turdus lawrencii Lawrence's Thrush TURLAW OA 118 66
Tyrannidae Attila spadiceus Bright-rumped Attilla ATTSPA OA 264 121
Tyrannidae Cnipodectes subbrunneus Brownish Twistwing CNISUB IAS 4 1
Tyrannidae Corythopis torquatus Ringed Antpipit CORTOR ITS 22 36
Tyrannidae Hemitriccus zosterops White-eyed Tody-Tyrant HEMZOS IAS 57 17
Tyrannidae Legatus leucophaius Piratic Flycatcher LEGLEU OA 19 9
Tyrannidae Lophotriccus vitiosus Double-banded Pygmy Tyrant LOPVIT IAS 56 14
Tyrannidae Mionectes oleagineus Ochre-bellied Flycatcher MIOOLE OA 17 20
Tyrannidae Myiarchus tuberculifer Dusky-capped Flycatcher MYITUB IAS 63 33
Tyrannidae Myiopagis caniceps Gray Elaenia MYICAN IAS 1 2
Tyrannidae Myiopagis gaimardii Forest Elaenia MYIGAI IAS 40 24
Tyrannidae Myiozetes granadensis Gray-capped Flycatcher MYIGRA IAS 4 2
Tyrannidae Myiozetetes luteiventris Dusky-chested Flycatcher MYILUT OA 3

Tyrannidae Myiozetetes similis Social Flycatcher MYISIM IAS 2

Tyrannidae Piprites chloris Wing-barred Piprites PIPCHL IAG 86 57
Tyrannidae Pitangus sulphuratus Great Kiskadee PITSUL IAS 5 1
Tyrannidae Poecilotriccus capitalis Black-and-white Tody-Flycatcher POECAP IAG 22
Tyrannidae Ramphotrigon ruficauda Rufous-tailed Flatbill RAMRUF IAS 5 1
Tyrannidae Rhytipterna simplex Grayish Mourner RHYSIM IAS 38 44
Tyrannidae Tolmomyias assimilis Yellow-margined Flatbill TOLASS IAS 217 139
Tyrannidae Tolmomyias poliocephalus Gray-crowned Flatbill TOLPOL IAS 14 24
Tyrannidae Tyrannulus elatus Yellow-crowned Tyrannulet TYRELA OA 5

Vireonidae Pachysylvia hypoxanthus Dusky-capped Greenlet PACHYP IAG 169 102




Vireonidae

Tunchiornis ochraceiceps

Tawny-crowned Greenlet

TUNOCH

IAG

98

40

Aq aquatic

Carr carrion

FA arboreal frugivore

FT terrestrial frugivore

GA arboreal granivore

GT terrestrial granivore

IADL dead-leaf-searching arboreal
insectivore

IAF ant-following insectivore

IAG arboreal, gleaning insectivore

IAS arboreal, sallying insectivore

IBI bark-dwelling insectivore, in trunk

IBS bark-dwelling insectivore,
superficial

IGT gleaning terrestrial insectivore

ITS sallying terrestrial insectivore

N nectarivore (hummers)

OA arboreal omnivore

RD diurnal raptor

RN noctural raptor
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