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Camera traps have become an increasingly useful tool for biodiversity surveys in
tropical forests, but most of these studies focus on larger-bodied terrestrial vertebrates,
particularly mammals. To date few camera trap surveys specifically target birds, yet studies on
vertebrates represent a potentially valuable data source if incidentally recorded avifauna can
be reliably identified from existing camera trap images. This thesis is one of the first studies to
attempt identification of all avian species captured via camera traps, using ground-based arrays
at three sites in the Brazilian Amazon. Data were used to analyse species richness, the
functional traits of the detected avian species, and the activity patterns observed across the
detected bird taxa. Sampling occurred in three protected areas: Terra do Meio Ecological
Station, Juruena National Park, and Jamari National Forest. Camera trap surveys followed the
Tropical Ecology Assessment and Monitoring (TEAM) network protocol for monitoring
terrestrial vertebrates in tropical forests as part of the National Biodiversity Monitoring
Program of Instituto Chico Mendes de Conservagdo da Biodiversidade (Programa Monitora
ICMBIio — Brazilian Ministry of the Environment). In total, 53,546 images with birds were
captured, in which 66 species were identified, including the notable detections of two little-
known species Nothocrax urumutum and Neomorphus squamiger. Terrestrial avifauna were
detected at a rate three times higher than species from higher forest strata, with the highest
detection rates found in larger, ground-dwelling species. The observed activity patterns indicate
a behavioural response to heat stress. Generally, terrestrial avifauna were most active in the
cooler mornings and evenings, but certain families showed a less prominent bimodal diurnal
activity. On the other hand, arboreal species were mostly detected towards noon, probably
escaping to the shadier understorey during the hottest hours. Although this study demonstrates
the high value of camera traps in surveying cryptic or elusive terrestrial avifauna, it also shows
that smaller species are less likely to be detected, and higher forest strata species are only
observed when these might come down to the forest floor.
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The Amazonian rainforest is one of the most biodiverse areas on the planet. Harbouring
around 1,300 bird species, the Amazonian avifauna is exceptionally rich (BirdLife
International, n.d.; Haffer, 1969; Terborgh et al., 1990; Terborgh et al., 1984). High mean
annual temperature and rainfall increase primary productivity providing an abundance of
resources to support more species and a diversity of guilds (Brown, 2014; Hanya & Aiba, 2010;
Marra & Remsen Jr, 1997). In addition, the diversity of microhabitats characterising the
Amazon promote niche specialisation within species, where most of these species are rare (Hill
& Hill, 2001; MacArthur & MacArthur, 1961). Due to this immense diversity and rarity,
obtaining a representative inventory of the avian species present at a site is time consuming
and strenuous (Bibby et al., 2000; Stevens et al., 2019; Terborgh et al., 1990). Knowledge on
avian communities and the species’ distributions in Amazonia is therefore not as
comprehensive as in temperate regions (Terborgh et al., 1990).

Several survey methods for bird inventories exist, each with their own strengths and
weaknesses. The most traditional methods are line-transecting, point counts, audio-records, and
capture techniques such as mist-netting (Bibby et al., 2000). These are effective sampling
techniques, but are labour intensive and largely restricted to more accessible areas (Silveira et
al., 2003; Stevens et al., 2019; Trolliet et al., 2014) during daylight hours — thus excluding
nocturnal species (Moore et al., 2020). In species rich regions like the Amazon, field workers
must also be extremely skilled in rapid identification of both appearance and vocalisations of
a large number of species (Bibby et al., 2000; Silveira et al., 2003; Terborgh et al., 1990).
Furthermore, human presence may alter behaviour (Bridges & Noss, 2011; O'Brien &
Kinnaird, 2008; Silveira et al., 2003; Suwanrat et al., 2015). These weaknesses indicate a need
for less invasive sampling methods (Stevens et al., 2019).

Motion- and heat-triggered wildlife cameras, hereafter referred to as camera traps, are
remotely triggered camera systems (Swann et al., 2011). This technology has developed
significantly over recent years and is now commonplace in ecological research (Kucera &
Barrett, 2011; Trolliet et al., 2014). Camera traps have been mostly used in mammal research,
but their use in avian studies is also increasing, for example in investigating species richness,
the presence of rare or elusive species, and temporal behaviour (Burton et al., 2015; Kucera &
Barrett, 2011; O'Brien & Kinnaird, 2008; Swann et al., 2011; Trolliet et al., 2014). Camera
traps operate throughout the diel cycle, are non-invasive, can be left in the field for several
weeks, can be installed in more remote places, and require minimal human labour for
instalment (Beaudrot et al., 2016; Kays et al., 2010; Lashley et al., 2018; O'Brien & Kinnaird,
2008). The non-invasive and cost-efficient nature of these cameras has made them one of the
most used tools in monitoring behaviour and population dynamics in the wild (Rovero &
Ahumada, 2017).



However, despite the several benefits of camera traps, cameras are normally placed at
knee hight, creating a major disadvantage for avian studies. Tropical rainforests have
characteristically high trees, where each stratum has distinguishable environmental conditions
(Bibby et al., 2000; Walther, 2002a). In the Amazon and other tropical forests, avian diversity
is highest in the canopy (Chmel et al., 2016; Pearson, 1971; Terborgh et al., 1984). Several
avian species have adapted to foraging in specific forest strata and the conditions within,
restricting movement to their niche (Marra & Remsen Jr, 1997; Walther, 2002a). Therefore,
detecting species residing in arboreal strata is less likely and ground-based camera trap data
are thus biased towards ground-dwelling and understorey species (Chmel et al., 2016). In
addition, the most frequently used camera trap set-ups are more suitable for sampling larger
birds, hence detections are more likely skewed towards large species (Kays et al., 2010; O'Brien
& Kinnaird, 2008).

For such species, camera traps can be used to obtain activity pattern data. Contrary to
telemetry tracking, handling of animals is not required and behaviour is not obscured by human
presence (Bridges & Noss, 2011; Carthew & Slater, 1991; Frey et al., 2017). Time-stamped
images raise the opportunity for activity pattern analyses throughout the diel cycle and give
insight on temporal responses to stress factors such as heat and competition (Frey et al., 2017,
Rowcliffe et al., 2014; Sollmann, 2018; Trolliet et al., 2014). Moreover, activity data on several
species are obtained through the same cameras (Bridges & Noss, 2011; Rovero et al., 2010),
increasing our knowledge of how species and populations behave on a temporal scale in their
natural environment.

Occasional records of particularly cryptic and shy terrestrial and understorey birds may
also be obtained, increasing the natural history knowledge of such species. Cryptic and shy
species are difficult to detect but with camera traps in the field for several months, the chances
of observing these birds increase (Bridges & Noss, 2011; O'Brien & Kinnaird, 2008; O'Connell
etal., 2011). For example, a better understanding on the spatial and temporal behaviour of the
secretive and rare Tinamus solitarius was obtained through camera trap surveys (Kuhnen et al.,
2013). In Sumatra, new distribution data was obtained on the little-known Sumatran Ground
Cuckoo (Carpococcyx viridis) through camera trap images, and seven endemic ground-
dwelling avian species were unknown to science until detected on camera trap footage by
chance (Dinata et al., 2008; O'Brien & Kinnaird, 2008).

In the Amazon, few camera trap studies focus solely on birds and certain detections are
normally excluded. For example, studies targeting both ground-dwelling mammals and birds,
usually exclude data on smaller species (Blake et al., 2017; Carvalho Jr et al., 2020; Costa et
al., 2018; Negroes et al., 2011) — even if they focus on particular landscape features, such as
mineral licks (Blake et al., 2011; Griffiths et al., 2020). Studies that focus only on the avifauna,
such as Mere Roncal et al. (2019) only include the larger ground-dwelling species and ignore
smaller birds like the passerines. Yet, species outside the targeted strata and size are



occasionally detected and allow for interesting data to be analysed (Burton et al., 2015; Murphy
etal., 2018).

To my knowledge, this is the first study for the Amazon region to include all avian
species captured on camera traps. Camera traps collect large amounts of data, but when certain
detections are automatically excluded, the potential knowledge we could obtain on several
species is ignored (Dinata et al., 2008; Lamelas-Lopez et al., 2020; Murphy et al., 2018;
O'Brien & Kinnaird, 2008). Therefore, in this study, | use a large camera trap dataset from three
protected areas in the Brazilian Amazon and attempt to identify all avian species captured.
More specifically, I investigated: 1) Which avian species were detected by camera traps and
what traits characterise these bird species? 2) What activity patterns were observed across bird
taxa and did these differ between sites and foraging strata? The results are discussed in relation
to previous studies in the region and the known natural history of particular bird taxa.

The camera trap surveys
were  performed in three
protected areas (PASs) located in
the Brazilian Amazon: Terra do
Meio Ecological Station, Juruena
National Park and Jamari
National Forest (Fig. 1). All three
have a tropical monsoon climate,
with a mean annual temperature
around 26°C and annual rainfall
of around 3,000 mm (Alvares et
al., 2013). The dry season starts
in June and ends in September,
' with a transition period between
Figure 1: Map over the three protected areas inwhich sampling  the dry and wet season from
occurred (Terra do Meio Ecological Station (1), Juruena October to December (ARPA,
T e s e el o ) e 2011 BAMA, 20088; (Mo

Brazil. Background map derived from Natural Earth: 2015).
www.naturalearthdata.com (Natural Earth, 2009 - 2021).

Terra do Meio Ecological Station, hereafter referred to as Terra do Meio (or TDM),
was established in 2005 and is a strictly protected area, covering 3,373,111 hectares, in the
state of Para (within 4°10°00°’S to 7°40°00°’S and 52°70°00*’W to 54°40°00°°W; Appendix 1)
(ICMBio, 2015). Being an Ecological Station, the main purpose of the PA is biodiversity
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protection, therefore human access and activities are limited to educational and scientific
purposes (ICMBio, 2015; Presidéncia da Republica (Brasil), 2000). Terra do Meio is
surrounded by other PAs and indigenous lands, henceforth functioning as a core biodiversity
area in this mosaic of conservation units (ICMBio, 2015; Ramos et al., 2016; Schwartzman et
al., 2013). The camera trap survey site was located in undisturbed and secondary forest, in the
Novo river basin within terra firme forest, meaning that the forest is not seasonally flooded
(ICMBIo, 2015).

Juruena National Park, hereafter referred to as Juruena (or PNJ) is a strictly protected
area established in 2006 and covers 1,958,014 hectares (ARPA, 2011a). The national park lies
in the northern region of Mato Grosso state and the south-eastern part of Amazonas state
(6°90°00’S to 9°10°00°’S and 57°70°00”’W to 59°30°00°°W; Appendix 2) (ARPA, 2011a;
Dalponte et al., 2016). Juruena also borders other PAs and is part of the PA network in the
southern Amazon (ARPA, 2011a). The camera traps were situated in the south-western region
of the conservation unit in the Juruena and S&o Jodo da Barra river basins. The forest at the
survey site is terra firme rainforest, and the area is classified as a high priority for biodiversity
conservation (ARPA, 2011b).

The National Forest of Jamari, hereafter referred to as Jamari (or JAM) is a sustainable
use PA established in 1984, covering 222,156 hectares in the state of Rondonia (9°00°00”’S to
9°30°00°’S and 62°40°00”’W to 63°10°00”°W; Appendix 3) (IBAMA, 2005a; Pinage et al.,
2016). Sustainable extraction of natural forest resources, including reduced impact logging
(RIL) are allowed within National forests (IBAMA, 2005b; Presidéncia da Republica (Brasil),
2000). Jamari is divided into different zones according to the management objectives (IBAMA,
2005b). The camera traps were placed within a RIL concession area and in the adjoining
conservation zone, which consist of terra firme forest with dense canopy cover (IBAMA,
2005a; Mestre et al., 2020; Pinage et al., 2016).

2.2.1. Sampling methods

The camera trap surveys were part of the National Biodiversity Monitoring Program of
Instituto Chico Mendes de Conservacdo da Biodiversidade (Programa Monitora ICMBIo -
Brazilian Ministry of the Environment), which is an in situ monitoring program of Federal
Protected Areas in Brazil (de Oliveira Roque et al., 2018). Sampling followed the Tropical
Ecology Assessment and Monitoring (TEAM) network standardised protocol for monitoring
terrestrial vertebrates in tropical forests (Jansen et al., 2014; TEAM Network, 2011). In brief,
cameras were placed at knee height (30-50 cm above ground) on suitable trees with the lens
oriented to the north or south to reduce exposure from direct sunlight, and the vegetation around
chosen trees was cleared to ensure a clear view from the camera lens (TEAM Network, 2011).
Camera trap sites were not baited (Jansen et al., 2014; TEAM Network, 2011). The camera
traps (Bushnell Trophy Cam HD) operated continuously for 24 hours per day and were set with



passive infrared sensors (Carvalho Jr et al., 2020; TEAM Network, 2011). This type of camera
sensor system detects contrast in heat between a moving organism and the background
environment (Meek et al., 2012; Rovero et al., 2010; Rovero et al., 2013; Swann et al., 2011).
Colour photos were taken in light conditions and black and white images under poor light
(TEAM Network, 2011). Camera traps were set at a trigger speed of 0.1 of a second and with
high heat sensitivity (Jansen et al., 2014). Each camera was programmed to take three photos
per trigger, to increase the likelihood of obtaining at least one good quality image (Jansen et
al., 2014; Rovero et al., 2013; TEAM Network, 2011).

Sampling for this study occurred between June and December during 2016 in Terra do
Meio and Juruena, and in 2018 in Jamari (Table 1). In Terra do Meio, camera traps were
deployed in the dry season. Camera traps in Juruena were deployed in the transition period
from dry to wet season, and in Jamari, sampling occurred both in the dry season and in the
transition period to wet season.

In total, 235 camera traps were installed by ICMBio staff and volunteers. In Terra do
Meio and Juruena, 60 camera traps were installed, whereas 115 were set up in Jamari. Cameras
were placed in a predefined grid of arrays, where each array consisted of 20 to 30 camera traps
at a density of one camera per 2 km? (TEAM Network, 2011). Camera trap arrays were
deployed approximately simultaneously in Terra do Meio and Juruena. In Jamari, each array
of camera traps operated sequentially due to limitations in the number of cameras. The total
survey area covered by camera trap arrays was approximately 97 km?, 108 km? and 418 km?
in Terra do Meio, Juruena, and Jamari, respectively.

Camera traps, on average, operated for 57 (SE = 1.22), 35 (SE = 1.02), and 36 (SE =
1.43) days in Terra do Meio, Juruena, and Jamari, respectively (Table 1). Sampling effort was
calculated by summing the number of trapping days per camera trap. The total sampling effort
was 9,888 camera trap days.

TABLE 1: Sampling year and period, number of camera traps (No. CT), sampling-effort measured
in number of camera trap days (CT-days), mean number of camera trap days per trap (Mean) and
the standard error (SE) of the mean, and number of camera traps that stopped functioning within the
first day (No.CT stop.) per site. (TDM: Terra do Meio, PNJ: Juruena, JAM: Jamari)

Site | Year Period No.CT CT-days Mean SE  No. CT stop.
TDM 2016 Jun. — Aug. 60 3,483 57 1.22 0
PNJ 2016 Nov. — Dec. 60 2,185 35 1.02 1
JAM 2018 Aug. — Dec. 115 4,220 36 1.43 7

2.2.2. Data processing and species identification

All images were first processed in the wild.ID software by ICMBIo staff or volunteers.
This software uses artificial intelligence to assist in processing camera trap images (Ahumada
et al., 2020; Fegraus et al., 2011; Thau et al., 2019). Data obtained from each image included:
image ID, camera trap name, camera trap coordinates, photo type (Setup/pickup, animal



detection, unidentifiable photo, or unknown animal), photo date and time, species identity
(including class, order, family, genus, and species), number of individuals per species recorded
in each photo, and setup and pickup dates for each camera trap. Photos with multiple species
had the same ID, but each species had a unique row in the datasets.

To minimise misidentification errors, I reprocessed images with avian detections. | also
processed images where photo content was unknown to ensure that avian detections were not
overlooked. Preidentified species were verified using identification guides (Delacour &
Amadon, 2004; Perlo, 2009; Ridgely & Tudor, 1989; Ridgely & Tudor, 1994; WIKIAVES,
n.d.) and unidentified species were identified when possible. In cases where species were
unidentifiable, I identified the bird to the lowest taxonomic resolution possible (Order, Family
and Genus). | followed the taxonomy list set by the Brazilian Ornithological Records
Committee (de Piacentini et al., 2015). In photos where light quality was poor, images were
treated to improve contrast and lighting using “Microsoft Photos app” (Windows 10). Images
with uncertain or unknown identification were then sent to external experts for verification and
identification.

Since several photographs were taken per detection and individuals tended to stay in
front of the camera or move in and out of camera view, each photo could not be considered
independent. Temporal independence of detections was assumed at a 60 minute interval, thus,
only one species detection within an hour at a camera trap site was included for detection
analysis (Sollmann, 2018). This 60-minute interval for temporal independence has been
commonly used (Carvalho Jr et al., 2020; Dias et al., 2019; Griffiths et al., 2020; Pérez-Irineo
& Santos-Moreno, 2021).

2.2.3. Species traits

Species traits included body mass (in grams) and foraging guild, which was defined by
diet and foraging stratum. Body mass data were acquired from the EltonTraits database
(Wilman et al., 2014). Information on foraging guild for identified birds was based on data
from the EltonTraits database (Wilman et al., 2014) and Terborgh et al. (1990). For birds
identified to genus, body mass was calculated taking the genus average, and diet and foraging
stratum was based on what is typical within the genus, a method also used by Wilman et al.
(2014). Birds not identified to species or genus level were excluded from the trait-based
analysis.

Body mass
Based on body mass, species were categorised as small (< 100g), medium (100 > x <

600) and large (> 600; Appendix 4). Body mass may vary between sexes, geographically,
seasonally, and during the day, but it is the most accurate and available variable to predict size
(Dunning Jr, 2007). The body masses obtained from EltonTraits are based on the average
across sexes provided by Dunning Jr. (2007) (Wilman et al., 2014). The size categories were
defined by calculating the 0.25 quantiles of body mass estimated for the detected species in all



three sites. Species with body mass below the 0.25 quantile were classified as small, those
between 0.25 and 0.75 were classified as medium, and species with a body mass higher than
the 0.75 quantile were classified as large. The quantile estimates were rounded to the closest
100 grams for simplicity.

Foraging quild
Diet and foraging stratum were grouped to define the guild of the identified birds

(Appendix 4). Based on avian diet terminology proposed by Lopes et al. (2016) and data from
EltonTraits (Wilman et al., 2014) and Terborgh et al. (1990), the birds were grouped into six
main dietary categories: granivores (Gr; seed-eaters), frugivores (Fr; fruit-eaters), insectivores
(In; insect-eaters), raptors (Pr; predating all vertebrate species except for fish), scavengers (Sc;
feeding on carcasses), and omnivores (Om; dietary generalists). Species were classified as
omnivores when none of the five other categories were dominant - in other words, where more
than two categories scored less than 50% or there was an equal ratio (50:50) of plant (frugivore
and granivore) and animal (insectivore, raptor and scavenger) matter (Lopes et al., 2016;
Wilman et al., 2014). Species feeding in aquatic environments were categorised as “aquatic”,
pooling species feeding on aquatic invertebrates and piscivores.

Information on the vertical forest stratum used by each forest species (non-aquatic) was
obtained from EltonTraits (Wilman et al., 2014). Vertical foraging heights were divided into
three main categories: terrestrial (T; ground-dwelling), understorey (U) and arboreal (A), which
included midstorey and canopy dwellers (Appendix 4). If a species predominantly (more than
50% of the time) foraged within one stratum, this stratum was used to categorise the species.
In cases where the proportion of foraging was equal (50:50) in two strata, both were used to
classify the species. Species that occupied various foraging heights, but none of the strata were
dominantly used, were defined as “forest stratum generalists” (TUA).

2.3.1. Rarefaction and species richness

Rarefaction analysis was used for standardised comparison of detected species richness
between sites. Through rarefaction, sample size at each site was normalised to the lowest
number of detections and, species richness was subsequently estimated at this standard sample
size and compared between sites (Eqn. 1) (Chao et al., 2014; Gotelli & Colwell, 2001; Hurlbert,
1971; Oksanen, 2020).

Equation 1: Rarefaction function, predicting the expected species richness at the normalised sample
size, where n is the smallest detected sample size from the three sites, N is the actual detected sample
at each site, and S is the number of detected species (Hurlbert, 1971).

.
E(S,) = Z 1—#
i=1 %



Species richness was defined as the number of distinct species detected (Hurlbert,
1971). Detections of individuals not identified to species level were therefore excluded from
the rarefaction analysis. Rarefaction curves were used to determine whether observed species
richness at each site was affected by sample size (number of independent detections) or
sampling effort (camera trap days) (Oksanen, 2020). The ‘vegan’ package in R was used to
perform rarefaction analysis (Oksanen et al., 2020).

2.3.2. Detection rate in relation to body mass

| created negative binomial regression models with a log link function to analyse
whether body mass affected detection rate. Negative binomial regression models were used to
compensate for the overdispersion (mean was not equal to variance) in the count data (Dunn &
Smyth, 2018; Hoffmann, 2016). Both the response variable (number of detections) and
explanatory variable (body mass) were logio transformed, since the distribution of species was
clustered at low body mass and detection rates of certain species were low.

2.3.3. Diel activity analysis

To determine when birds were most active (i.e. whether detections occurred during the
day, night, or twilight hours (crepuscular period)), | obtained time of sunrise, sunset, start of
nautical twilight at dawn, and end of nautical twilight at dusk, for each camera trap location on
each photo date using the ‘suncalc’ package in R (Thieurmel & Elmarhraoui, 2019). The
crepuscular period was defined as the time in which the sun is positioned between 0
(sunrise/sunset) and 12 degrees below the horizon, which includes both the nautical (sun
position: 6-12° below horizon) and civil (sun position: 0-6° below horizon) twilight (Daan &
Aschoff, 1975; Ensing et al., 2014; Hertel et al., 2016; Quispe et al., 2017). Night was defined
as lasting from the end of nautical dusk to the start of nautical dawn and the time between
sunrise and sunset were defined as day (Ensing et al., 2014).

Average double anchoring

Due to large distances between sites on an east-west axis, the easternmost site (Terra
do Meio) lies in a different time zone (GMT-3) to the two other sites (GMT-4). I, therefore,
had to adjust for differences in sunrise and sunset time and daylength. If these variations were
not considered, activity level may be under- or overestimated and time of activity
misinterpreted (Nouvellet et al., 2012; Rowcliffe et al., 2014; Vazquez et al., 2019). Sunrise
and sunset time and daylength for each detection date and camera trap location was obtained
using the ‘suncalc’ package (Thieurmel & Elmarhraoui, 2019). A Kruskal-Wallis test showed
that daylength differed significantly between sites (H(2) = 2351.7, p <0.001). Due to variations
in daylength and sunrise and sunset time, local time could not be used for unbiased comparisons
between activity patterns observed at the three sites (Rowcliffe et al., 2014; Vazquez et al.,
2019). Instead, average double anchoring was used, where the time of detection was
transformed to solar time, anchoring the time to the average sunset and sunrise of the three sites
within the study periods (06:22 sunrise and 18:26 sunset; Egn. 2) (Vazquez et al., 2019). The




transformation of local time to the double anchored solar time in radians was carried out using
the “solartime” function in the ‘activity ' package in R (Rowcliffe & Rowcliffe, 2019).

Equation 2: Average double anchoring function, where T, is the double anchored time of activity, T,
is the local clock time of activity, Z;and Z, are the local time of sunrise and sunset of the day of
detected activity and Z,and Z, are the anchor times (Vazquez et al., 2019).

T, — 7,
Zy =174

Tyg= 74+ (Z; —Zy)

Estimating diel activity patterns

Diel activity pattern analyses were executed for all detections per site, for the four most
common (> 100 detections) families (Tinamidae, Psophiidae, Cracidae, and Columbidae) and
for vertical foraging height categories with the most frequently detected species (terrestrial,
arboreal, and foraging strata generalists). Although sample sizes below 100 individuals are
proposed adequate for estimating activity patterns (Ridout & Linkie, 2009), a sample size of
100 detections is recommended for reduced estimation errors (Lashley et al., 2018). Therefore,
activity patterns were only analysed for functional groups with a sample size of at least 100
detections, and comparisons between sites were only executed if this criterion was fulfilled at
all three sites.

The diel activity of each specified group was estimated using nonparametric kernel
density estimation. The kernel density function estimates the density of detections across a 24-
hour circular scale without categorising data into time intervals (Frey et al., 2017; Silverman,
1986). Nonparametric statistics were used to hinder assumptions of the distribution family of
the data when calculating the probability density functions (Clemons & Bradley Jr, 2000;
Silverman, 1986). The kernel density estimator is derived from the probability density function
fitted to the detection times observed in the data, and the angular distance between a random
point and detection points in the data (Eqn. 3) (Oliveira-Santos et al., 2013; Ridout & Linkie,
2009; Rowcliffe et al., 2014).

Equation 3: Function estimating the kernel density, where K, is the probability density function at
smoothing parameter v and d is the angular distance between detections (Ridout & Linkie, 2009;
Taylor, 2008).

. RN
flsv) = 2D KoldGox)

The bandwidth, also known as the smoothing parameter, directly influences the kernel
density function. Underestimating the smoothing parameter results in narrow spiking activity
peaks, whilst overestimating creates shallow peaks with detail reduction (Clemons & Bradley
Jr, 2000; Oliveira-Santos et al., 2013; Silverman, 1986; Taylor, 2008). For the current study,



the smoothing parameter was set to 3 as proposed by Ridout and Linkie (2009), who found that
at this value the main characteristics of the activity distributions were maintained.

The ‘overlap’ package in R was used to plot fitted kernel densities of activity (Meredith
etal., 2020). Probability density functions and activity levels were estimated using the ‘activity’
package in R (Rowcliffe & Rowcliffe, 2019). The activity level was estimated using the method
proposed by Rowcliffe et al. (2014) and is defined as the ratio between the amount of time
allocated to activity (area under the activity curve) and the area created if the focal population
stayed continuously active throughout 24-hours at the highest activity level detected (Eqn. 4).
Standard errors and confidence intervals on the activity level estimate were derived using 200
bootstrap samples (Clemons & Bradley Jr, 2000; Rowcliffe et al., 2014).

Equation 4: Function estimating activity level, where f,,,,, is the probability density function at the
highest peak of activity with a value between 0 and 2 as detection times are converted to radian
time (Rowcliffe et al., 2014).

1

B anmax

p

The Wald test (Eqn. 5 ) was used to figure out whether activity level estimates differed
significantly between sites and focal groups, using the “compareAct” function in the ‘activity’
package (Rowcliffe et al., 2014; Rowcliffe & Rowcliffe, 2019).

Equation 5: The Wald test function, where E; are the compared kernel density (activity) estimates
and s; are the standard errors of E;, respectively (Rowcliffe et al., 2014; Wald, 1943).

(E, — E,)?

W =
2 2
si+ 55

Further, the overlap of diel activity patterns was estimated using Ridout and Linkie’s
(2009) coefficient of overlap (A) using the “overlapEst” function in the ‘overlap’ package
(Meredith et al., 2020). The coefficient of overlap is the area where two probability densities
overlap and obtained values lie between 0 and 1, where A = 0 if no overlap occurs and A = 1
when activity density estimates are equal (Clemons & Bradley Jr, 2000; Ridout & Linkie, 2009;
Schmid & Schmidt, 2006). The A, function was used to estimate A, as sample size for the
analysed groups was greater than 75 (Eqn. 6) (Meredith et al., 2020; Ridout & Linkie, 2009;
Schmid & Schmidt, 2006). Coefficient of overlapping estimates were categorised into low,
moderate and high overlap with respective thresholds; A < 0.5, 0.5 <A <0.75, and A > 0.75
(Marinho et al., 2020).
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Equation 6: Function estimating the coefficient of overlap ( A, as sample size of the smallest sample
was >75), where T is number of equally spaced times, t; is a set of equally spaced times in radians,
Xi and y; are two sets of sample times of sample size n and m, respectively (Meredith et al., 2020;
Ridout & Linkie, 2009; Schmid & Schmidt, 2006).

ro LAN i 960) L INY L FO)
A= 35 (nZ min {1’ f@g} o 2 i {1' g(m})

1=1 1=1

All analyses were executed using the integrated development environment RStudio in
the statistical software R (version 4.0.1) (RStudio Team, 2020).

A total of 53,546 bird images were captured (Terra do Meio: 34,237; Juruena: 13,471
and Jamari: 5,838). The one-hour interval threshold for temporal independence produced a total
of 4,134 independent detections (Terra do Meio: 2,793; Juruena: 703 and Jamari: 638). Most
detections (87.4%) were identified to species, and only seven detections (0.2%) could not be
identified to order (Table 2).

Table 2: Number (No. det) and percentage (%) of independent detections identified to species-, genus-,
family-, order-, and class level (identified to class level means that a bird was detected, but order could
not be identified).

Taxonomic level Terra do Meio Juruena Jamari Total

No. det % No.det 9% | No. det % No. det %
Species 2,352 84.2 659 93.7 603 94.5 3,614 87.4
Genus 122 4.4 39 55 17 2.7 178 4.3
Family 307 11.0 5 0.7 15 2.4 327 7.9
Order 8 0.3 - - - 8 0.2
Class 4 0.1 - - 3 0.5 7 0.2

In total, 66 species from 51 genera, 31 families, and 16 different orders were registered
(Appendix 4). Overall, 22 of these species were only detected once. Tinamidae, Psophiidae,
Cracidae, Columbidae, and Formicariidae were the five most abundant families while Mitu
tuberosum, Psophia dextralis, Leptotila rufaxilla, Tinamus major, and Psophia viridis were the
five most abundant species. Terra do Meio had the highest number of identified species (53),
followed by Juruena (33), and Jamari (20). The most common species detected in Terra do
Meio was P. dextralis with 393 independent detections, followed by 307 detections of M.
tuberosum. M. tuberosum was the most recorded species in Juruena (236 detections) and Jamari
(208 detections). The second most common species in each case was L. rufaxilla (98
detections) in Juruena and P. viridis (127 detections) in Jamari.

The rarefaction curves differed between sites (Fig. 2). In Terra do Meio, the curve was
still increasing after 2000 detections although the species accumulation rate started to decrease
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after 500 detections (Fig. 2 a). In Juruena and Jamari, the sample size (in terms of independent
detections) was relatively small and still accumulating species at a high rate (Fig. 2 a).
However, fewer species seemed to be accumulated at both these sites than at Terra do Meio,
particularly at Jamari. In fact, the predicted species richness for each site after being rarefied
to the smallest sample size (603 in Jamari) was 39.7 (SE = 2.18), 31.6 (SE = 1.11), and 20.0
(SE =0.0) in Terra do Meio, Juruena, and Jamari, respectively.

Jamari had the highest sampling effort in terms of camera trap days (4,220 days), but
had the lowest species richness (Fig. 2 b). Jamari accumulated species at a lower rate and the
curve is approaching an asymptote, whereas in Terra do Meio and Juruena, species were
continuing to accumulate at a higher rate (Fig. 2 b). Sampling effort was lowest in Juruena
(2,185 days), at which point this site seemed to be accumulating species at the highest rate,
although the total species richness observed was still significantly lower than at Terra do Meio.
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Figure 2: Individual-based (a) and sample-based (b) rarefaction curves for Terra do Meio (TDM —
green), Juruena (PNJ — blue) and Jamari (JAM — red), where solid black lines are the rarefaction
curves and the grey zones with dotted line borders are the 95% confidence intervals (CI) for each
site. a) Detected species richness against number of independent detections, where the dashed grey
horizontal lines show predicted species richness at the smallest sample size (603 — JAM; vertical
line) to which sample size from each site is rarefied (TDM: 39.7 spp.; SE = 2.18, PNJ: 31.6 spp.; SE
=1.11, JAM: 20 spp.; SE = 0.0). b) Detected species richness against camera trap days (CT-days)
per site (TDM: 53 spp., 3,483 CT-days; PNJ: 33 spp., 2,185 CT-days; JAM: 20 spp., 4,220 CT-days),
where horizontal dashed grey lines represent predicted species richness at the lowest sampling effort
(2,185 days — PNJ; TDM: 47.8 spp., SE = 3.62, PNJ: 33 spp., SE = 0.0, JAM: 16.7 spp., SE = 2.63).
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3.2. Notable findings

Nothocrax urumutum

The extremely secretive Nocturnal curassow (Nothocrax urumutum) was detected four
times in total; once in Juruena and three times in Jamari. All records were from early to late
morning (05:55h -11:17h). In Juruena, three individuals were detected (Fig. 3 a) together with
one M. tubersosum individual (Fig. 3 b). In Jamari, all three detections were of two individuals.

@ ' 7021 CQ 12-07-2016 09: 08: 11

Si @ 75F23 QO 12-07-2016 09: 09: 57
Figure 3: a) Three Nothocrax urumutum caught on camera on the 7" December 2016
between 09:07 to 09:15 (GMT-4) in Juruena National Park (Lat.: -8.95788, Long.: -
58.6172) b) Mitu tuberosum (back right) was detected together with N. urumutum two
minutes after the first Nothocrax detection.
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Neomorphus squamiger

The shy, secretive, and rarely observed Scaled-ground cuckoo (Neomorphus
squamiger) was detected ten times in Terra do Meio with one individual per detection (Fig. 4).
The species was detected during the day between 09:47h and 14:26h, on ten different days.
Detections were recorded at nine different camera trap sites distributed across the entire survey
area.

@ 71R21C@ 07-07-2016 10:49: 12

Figure 4: Neomorphus squamiger detected on the 7" July 2016 at 10:49 (GMT-3; Lat.: -4.73557,
Long.: -53.5438) in Terra do Meio

3.3. Species traits

Body mass
The smallest species detected was Hylophylax punctulatus with an average body mass

of 12.4g. The largest detected species was M. tuberosum with an average body mass of
2,769.5g. Most species detected were classified as small (27) or medium-sized (23), while 16
species were large (Table 3). However, large species were most frequently recorded (2,240
independent detections), followed by 1,255 detections of medium species, and 297 independent
records of small species (Table 3). In fact, body mass had a significant positive effect on
detection rate (GLM: z-value = 3.44, p < 0.001), as smaller species were less detected than
species with higher body mass (Fig. 5). The log-log relationship between number of detections
per species and body mass was non-linear; the predicted detection rate was higher for larger-
bodied species (Fig. 5).
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Table 3: Number of independent detections (No. det) and identified species (No. spp; genus (in parenthesis)
when species was not identified) within each size category for each site and in total.

Body size Terra do Meio Juruena Jamari Total
No. det No. spp No.det No.spp | No.det No.spp | No.det No.spp
Small (<100g) 287 25 (3) 8 6 (1) 2 2 (0) 297 27 (3)
Medium 909 17 (2) 197 12 (3) 149 9(2) 1,255  23(3)
(>100g & < 600g)
Large (> 600g) 1,278 11 (2) 493 15 (1) 469 9(2) 2,240 16 (2)
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Figure 5: Relationship between number of detections per species and body mass (g). Both
the response and explanatory variables are in the common logarithm scale (logio). The
fitted line (dark red) is the predicted relationship between the two variables, using a
negative binomial regression model with log link function: logio(detections) ~ logio(body
mass). The 95% confidence intervals of the prediction line are represented with dashed
lines. Each data point represents a species (or genus when individuals were not identified
to species), with body size category represented by symbol type (small; filled circle,
medium; triangle, and large; circle with cross)
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Foraging quild

Terrestrial frugivores were most frequently detected (1,762), followed by 732
independent detections of terrestrial omnivores (Table 4). Most species detected were
terrestrial insectivores (15), followed by terrestrial frugivore species (10). Six guilds only
contained one species. Terrestrial frugivores were most frequently detected at all three sites.
Terrestrial omnivores were second most detected in Terra do Meio, whereas terrestrial
granivores were second most detected in Juruena and Jamari (Table 4). The highest number of
terrestrial insectivorous species was detected in Terra do Meio (14), whereas only two and one
species within this guild were detected in Juruena and Jamari, respectively.

Table 4: Number of independent detections (No. det) and identified species (No. spp; genus (in parenthesis)
when species was not identified) for each guild within each site and in total.

Guild Terra do Meio Juruena Jamari Total
No. det No. spp No.det No.spp | No.det No.spp | No.det No. spp
TERRESTRIAL
Granivore 317 3(1) 161 3(1) 106 1) 584 3 (1)
Frugivore 968 8 398 9 396 7 1,762 10
Insectivore 325 14 (1) 2 2 1 1 328 15 (1)
Predator 1 1 - - - - 1 1
Scavenger 2 1 1 1 - - 3 1
Omnivore 557 5(3) 92 4 (3) 83 4(2) 732 7(3)
TER.JUND.!
Insectivore 8 1 - - 1 1 9 1
Omnivore 13 2 - - - - 13 2
UNDERSTOREY
Predator 1 1 - - 1 1 2 1
Omnivore 13 1 1 1 - - 14 1
ARBOREAL
Frugivore 118 2 (1) 21 3 27 2(1) 166 4 (1)
Insectivore 6 4 2 2 - - 8 6
Predator - - 1 1 3 1 5 2
Omnivore - - 1 1 1 1 1 1
TER./UND./ARB.2
Insectivore 97 6 (1) 4 3 - - 101 6 (1)
Predator - - 1 0(2) - - 1 0(2)
AQUATIC?® 48 4 13 3 1 1 62 5

! Terrestrial/Understorey
2 Terrestrial/Understorey/Arboreal — foraging stratum generalist
3 Aquatic invertebrate eaters and piscivores pooled
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3.4. Diel activity patterns

At each site, the highest number of detections occurred during the day (3,824; 92.5%
of all detections; Table 5; Fig. 6). These detections comprised 65 species and 422 bird
detections not identified to species (Appendix 4). The only species not recorded during the day
was Ferruginous Pygmy-Owl (Glaucidium brasilianum), which was only detected once at
night. During twilight, 210 detections (5.1%) occurred with 28 species recorded and 29 bird
detections not identified to species. The lowest number of detections occurred during the night
with a total of 100 records (2.4%) from 11 distinct species. From the 100 night-time detections,
69 were unidentifiable to species within Columbidae and Tinamidae.
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Figure 6: Diel activity patterns displayed as (a) Kernel density plot of estimated activity for all
independent detections recorded at each site (TDM: Terra do Meio, green; PNJ: Juruena, blue; JAM:
Jamari, red), and circular plots depicting the relative frequency of detection events divided into hour
periods on a square root scale for (b) all sites combined, and for (c) Terra do Meio, (d) Juruena, and
(e) Jamari separately. Solar time was anchored to average sunrise (06:22) and sunset (18:26), shown
as dashed vertical lines in (a).
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Table 5: Number of independent records detected (No. det) and percentages (%) during twilight
(dawn and dusk), day (sunrise till sunset), and night (end of nautical dusk till start of nautical dawn),
for each site and in total. Percentages are calculated based on the total number of detections per
site.

Diel period Terra do Meio Juruena Jamari Total

No. det % No. det % No. det % No. det %
Twilight (dawn) 137 4.9 2 0.3 13 2.0 152 3.7
Day 2,514 90.0 694 98.7 616 96.6 | 3,824 92.5
Twilight (dusk) 43 1.5 7 1.0 8 1.3 58 1.4
Night 99 35 0 0 1 0.2 100 2.4

In Terra do Meio, activity was recorded throughout the 24-hour cycle (Table 5; Fig. 6
c). During the night, unidentified Columbidae species were most common (67 detections),
followed by 16 Tinamidae records. Chamaeza nobilis had the highest number of detections
(72) during twilight (Appendix 4). There were no avian records during the night in Juruena and
only nine detections during twilight (Table 5; Fig. 6 d). In Jamari, only one species (Geotrygon
montana) was detected during the night (Table 5; Fig. 6 e).

The number of detections peaked during sunrise and sunset in Terra do Meio and
Jamari, with the highest peak being at sunrise (Fig. 6 a, c, €). In Juruena, the first activity peak
occurred in the second and third hour after sunrise (Fig. 6 a, d). The activity pattern in Juruena
was significantly different from Terra do Meio (Wald test: W = 23.33, p < 0.001) and Jamari
(W = 12.54, p <0.001), whereas Terra do Meio and Jamari did not differ significantly (W =
0.001, p = 0.98; Table 6 a). Although there were significant differences between Juruena and
the two other sites, the coefficient of overlap between all sites was high (A > 0.75), showing
that overall, activity patterns between sites overlapped greatly and were quite similar.

In general, the activity of the four most common families detected at each site
(Tinamidae, Psophiidae, Cracidae, and Columbidae) was highest at sunrise and sunset. Activity
depressions and minor peaks were observed during the day and low levels of activity during
the night (Fig. 7). Tinamids followed this pattern and did not differ significantly between sites
(Table 6 b; Fig. 7 a). For Psophiidae and Cracidae, detections were more constant throughout
the day (Fig. 7 b, c) - except for cracids detected in Terra do Meio, where detections peaked at
sunrise and were much lower in the afternoon than at the two other sites (Fig. 7 c). In fact,
cracid activity in Terra do Meio differed significantly from Juruena and Jamari (W = 7.42 and
7.34, respectively; p = 0.01; Table 6 d). Activity in Psophiidae was also significantly different
between Terra do Meio and Juruena (W = 7.22; p = 0.01; Table 6 c). Despite the significant
differences between sites for activity patterns within Psophiidae and Cracidae, the coefficient
of overlap was high (A > 0.75), showing an overall similarity in activity (Table 6 c, d). Within
Columbidae, differences in activity patterns between sites were more apparent (Fig. 7 d).
Columbidae detections in Jamari were higher during sunrise and lower during midday and
therefore differed significantly from Terra do Meio and Juruena (W = 44.04 and 33.53
respectively; p < 0.001) with a moderate level of overlap (A = 0.69 and A = 0.59 respectively;
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Table 6 €). Columbidae activity in Juruena was skewed towards noon, with lower activity levels
at sunrise and sunset than at mid-day (Fig. 7 d).
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Figure 7: Kernel density plots of diel activity patterns of the four most common (>100 independent detections)
families (Tinamidae (a), Psophiidae (b), Cracidae (c) and Columbidae (d)) detected at each site (TDM: Terra do
Meio, green; PNJ: Juruena, blue; JAM: Jamari, red). Solar time was anchored to average sunrise (06:22) and
sunset (18:26), shown as dashed vertical lines.

Terrestrial species were most active at sunrise and sunset with lower detection rates
during the day (Fig. 8 a). The activity of arboreal species and foraging strata generalists was
skewed towards noon (Fig. 8 b, ¢). Activity patterns for terrestrial and arboreal species differed
significantly (W = 7.52, p = 0.01; Table 6 g). However, the coefficient of overlap between
these three vertical foraging strata was high (A > 0.75; Table 6 g).
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Comparing activity patterns within terrestrial species between sites showed differences
between Juruena and the two other sites (Fig. 8 a). Terrestrial species in Juruena deviated from
the general trend of high activity at sunrise and sunset, with lower activity at mid-day. Instead,
they were more constantly detected throughout the day with less distinct activity peaks. The
activity of terrestrial species in Juruena was, therefore, significantly different from that in Terra
do Meio and Jamari (W = 24.22, p < 0.001 and W = 9.60, p < 0.01, respectively; Table 6 f).
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Figure 8: Kernel density plots of diel activity patterns for the most frequently detected (>100 independent
detections) foraging strata: (a) Terrestrial species, (b) Arboreal species (including midstorey and canopy
dwellers), and (c) foraging strata generalists (foraging at ground, understorey, midstorey and canopy).
Activity patterns were estimated per site for terrestrial species (TDM: Terra do Meio, green; PNJ: Juruena,
blue; JAM: Jamari, red), whereas all sites were combined for arboreal and foraging strata generalists due
to a limited sample size. Solar time was anchored to average sunrise (06:22) and sunset (18:26), shown as
dashed vertical lines.
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Table 6: Sample size (No. det), activity level estimates including standard error (SE) and 95% confidence intervals
(CI), and statistical differences between activity level estimates (using Wald test and estimating coefficient of
overlap (A; A, as sample sizes were > 75)) for () all independent detections, (b- e) the four most common families,
(f) terrestrial species, and (g) the most frequently detected vertical foraging heights. Testing for statistical
differences in a — f was done between sites (TDM: Terra do Meio; PNJ: Juruena; JAM: Jamari), and in g between
foraging strata categories (T: Terrestrial, TUA: Terrestrial/Understorey/Arboreal (forest strata generalists), A:
Arboreal). P-values < 0.05 are in bold representing significant difference.

Activity level ! Wald test

A
No.det | Est. SE Cl Dif. SE W P A,

a) All independent detections

TDM 2793 031 0.02 0.31-0.37 | TDMvsPNJ -0.14 003 2333 <0.001 | 0.85

PNJ 703 0.44  0.02 0.38-0.47 | TDMvs JAM 0.001 0.04 0.001 0.98 0.92
JAM 638 0.31 0.03 0.30-—0.42 | PNJvs JAM -0.14 004 1254 <0.001 | 0.90
b) Tinamidae

TDM 632 029 0.02 0.25-0.33 | TDMvsPNJ -0.04 0.05 0.60 0.44 0.90
PNJ 118 0.33 0.05 0.23-0.42 | TDMvsJAM -0.02 005 0.10 0.75 0.90
JAM 150 0.30 0.04 0.22-0.38 | PNJvsJAM -0.02 0.06 0.15 0.70 0.94

¢) Psophidae

TDM 393 046 0.03 0.35-0.46 | TDM vs PNJ 013 0.05 7.22 0.01 0.90

PNJ 121 033 0.04 0.25-0.39 | TDMvsJAM 0.05 0.05 0.92 0.34 0.95
JAM 127 041 0.04 0.31-0.45 | PNJvsJAM 008 0.05 214 0.14 0.89
d) Cracidae

TDM 614 0.40 0.03 0.33-0.44 | TDMvs PNJ -0.10 0.04 742 0.01 0.89
PNJ 161 0.36 0.03 0.28-0.39 | TDMvs JAM -0.11 004 7.34 0.01 0.88

JAM 109 0.15 0.02 0.11-0.21 | PNJvs JAM 0.005 0.04 0.01 0.91 0.96

e) Columbidae

TDM 614 040 0.03 0.33-0.44 | TDM vs PNJ 0.04 0.04 0.93 0.33 0.80
PNJ 161 036 0.03 0.28-0.39 | TDM vs JAM 025 0.04 4404 <0.001 | 0.69
JAM 109 0.15 0.02 0.11-0.21 | PNJvs JAM -0.21 0.04 3352 <0.001 | 0.59

f) Terrestrial

TDM 2170 028 001 0.26—0.31 | TDMvsPNJ -0.14 003 2422 <0.001 | 0.84
PNJ 654 043 0.03 0.35-0.45 | TDMvs JAM -0.02 0.03 054 0.46 0.92
JAM 586 0.31 0.03 0.26-—0.37 | PNJvs JAM -0.12  0.04  9.60 0.002 0.89

g) Vertical foraging strata

T 3410 030 0.01 0.27-0.32 | TvsTUA -0.03 005 0.32 0.57 0.80
TUA 102 032 005 024-042 |TvsA -0.09 003 752 0.01 0.80
A 180 039 0.03 0.29-0.42 | AvsTUA 0.07 0.06 144 0.23 0.92

! Activity level is estimated on the ratio between the detected time of activity and the maximum probability density
function if the focal population remained continuously active at the highest level of activity for the whole diel cycle
(Rowcliffe et al., 2014).
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The sampling conducted in this study yielded 66 identified bird species (range 20-53)
across the three sites. This was higher than the avian species richness detected by ground-based
camera traps in other studies in the Amazon conducted to date, which ranged between 4 and
17 (Blake et al., 2017; Carvalho Jr et al., 2020; Costa et al., 2018; Mere Roncal et al., 2019;
Paredes et al., 2017). However, non-terrestrial and smaller sized species were excluded in most
of these studies (Blake et al., 2017; Carvalho Jr et al., 2020; Costa et al., 2018; Mere Roncal et
al., 2019), or specific dietary guilds were targeted (Paredes et al., 2017). Direct comparisons
are, therefore, difficult.

A respectable 87.4% of the independent detections in this study were identified to
species level, confirming that camera trap image quality is sufficient to identify many avian
species. This has been asserted by previous research (Mere Roncal et al., 2019; Murphy et al.,
2018; Santos-Moreno et al., 2019). Camera traps therefore appear to be a useful tool for
detecting and gathering natural history information about a suite of cryptic, rare, or little-known
terrestrial avian species (Kays et al., 2010; O'Brien & Kinnaird, 2008; Silveira et al., 2003).
This is underlined by several detections of elusive species in the families, Tinamidae and
Odontophoridae, and notable detections of two little-known species (Nothocrax urumutum and
Neomorphus squamiger) in the current study. These results also suggest that there is a huge
amount of untapped and ignored camera trap footage that would yield important avian
detections for ecological and conservation purposes among the camera trap surveys that have
been, or are currently being, conducted in tropical forests worldwide (Steenweg et al., 2017).
For example, Programa Monitora ICMBIio and the TEAM network database have collected
millions of images, where not all data has been analysed (de Oliveira Roque et al., 2018; Jansen
et al., 2014; Rovero & Ahumada, 2017).

The datasets from each site resulted in 53 species in Terra do Meio, followed by 33
species in Juruena, and 20 species in Jamari. Interestingly, Jamari had the highest sampling
effort. The strong differences in species richness could be related to protection status which
varied between sites; whilst Terra do Meio and Juruena are strictly protected, Jamari is a
sustainable-use protected area (PA) that permits the activity of reduced impact logging (RIL)
(IBAMA, 2005b; Rylands & Brandon, 2005). When enforced, this form of selective logging
has reduced degradation on the ecosystem, compared to other more conventional logging
methods (Edwards et al., 2012; Mestre et al., 2020; Montejo-Kovacevich et al., 2018).
However, the effects of RIL techniques on avian diversity, depend on the number and size of
refugia left after logging (Chaves et al., 2017). Food resource availability may also be impacted
by selective logging, affecting species of various feeding guilds differently (Chaves et al.,
2017; Edwards et al., 2012; Gray et al., 2007; Hamer et al., 2015). In fact, Mestre et al. (2020)
found that RIL in Jamari had negative effects on avian diversity, especially on dense forest
specialists. These results have precedence in studies from Borneo, where RIL also disrupted
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avian communities (Edwards et al., 2009; Edwards et al., 2012; Hamer et al., 2015). Moreover,
roads for transporting timber from the PA interior, increase opportunities for illegal activity
such as hunting and mining, increasing the overall impact (Mestre et al., 2020). Being a
sustainable use PA, rather than strictly protected, may therefore have influenced the lower
species richness in Jamari.

Other possible factors influencing the observed differences in species richness include
PA size and surrounding degradation which also differed between sites. Terra do Meio and
Juruena are both relatively large PAs, surrounded by other conservation sites (ARPA, 2011a;
ICMBIo, 2015; Schwartzman et al., 2013). In comparison, Jamari is smaller and does not
border other PAs (IBAMA, 2005a). PA networks of considerable size offer continuous, usually
undisturbed, habitat and can therefore harbour a higher species richness (Ahumada et al., 2011,
Lees & Peres, 2006; Prist et al., 2012). Both, Ahumada et al. (2011) and Lees and Peres (2006)
found larger forest areas and PAs to have a higher vertebrate diversity than smaller areas. In
combination with this, Juruena and Jamari are located in a documented deforestation hotspot
region within the Amazon (Kalamandeen et al., 2018). The forest avian community
surrounding the deforestation frontier has been severely impacted, especially species relying
on dense primary forest (Lees & Peres, 2006). Therefore, PA size and the regional deforestation
arc probably also influenced the detected avifauna at each site.

Juruena and Jamari may have experienced more rain than Terra do Meio due to minor
differences in terms of sampling effort timing. Slight variations in rainfall might have
influenced avian detections, as many species move according to resource availability that is
affected by seasonality (Beja et al., 2010; Costa et al., 2018; Haugaasen & Peres, 2007; Paredes
et al., 2017). For example, insect abundance is higher in the dry season, as new foliage
production peaks in this season (Basset et al., 2001; Haugaasen & Peres, 2005; Silva et al.,
2017). On the other hand, fruit and seed resource availability is very low during the dry season
(Haugaasen & Peres, 2005; Haugaasen & Peres, 2007; Hawes & Peres, 2016; Paredes et al.,
2017). However, through camera trap surveys at two separate sites in the Amazon, both Mere
Roncal et al. (2019) and Costa et al. (2018) did not find significant differences in terrestrial
vertebrate species richness between the two seasons in unflooded forest. Therefore, there are
uncertainties whether the sampling period affected the detected number of species. For future
research, sampling should occur within the same period for better comparison between sites,
or preferable still, throughout the entire year. Year-round sampling would uncover how avian
species respond to seasonal change.

Knowledge on the discreet Nothocrax urumutum is minimal, and the camera trap
detections in this study were therefore considered notable. The species is found in unflooded
and seasonally flooded forests, within the VVenezuelan, Colombian, Peruvian, Ecuadorian, and
Brazilian Amazon (BirdLife International, 2021; Parker Ill, 2002; Perlo, 2009; Vizcaino &
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Rueda, 2018). Distribution maps show that Jamari lies within N. urumutum’s range, whilst
Juruena lies just outside (BirdLife International, 2021). N. urumutum was previously described
as solely nocturnal, due to reports from local people saying that it hides and rests during the
day (Delacour & Amadon, 2004). On the other hand, local hunters have also reported diurnal
feeding activity, but direct observations of this elusive bird are rare (Parker 111, 2002). In the
current study, only diurnal activity was detected, supporting results from other camera trap
surveys (Griffiths et al., 2020; Vizcaino & Rueda, 2018) and three direct day-time observations
by Parker I11 (2002). N. urumutum sings during the night, but the location of this activity in the
canopy (Delacour & Amadon, 2004; Parker 111, 2002; Perlo, 2009; Vizcaino & Rueda, 2018),
i.e., outside the range of terrestrial camera trap arrays, could explain why nocturnal activity
was not detected. Earlier descriptions have also considered N. urumutum as solitary or pair
living (Vizcaino & Rueda, 2018), but the detection of three individuals together in Juruena,
along with group observations recorded in the Peruvian and Ecuadorian Amazon (Griffiths et
al., 2020; Vizcaino & Rueda, 2018), indicate a more social behaviour.

Neomorphus squamiger is another secretive species of note that was detected in this
study. With few previous field observations, knowledge is severely lacking across all areas of
its biology, including taxonomy, distribution, and behaviour (Firme et al., 2014; Gongalves-
Castro & Silva-Castilho, 2015). There is an ongoing debate on whether N. squamiger is a
separate species or a sub-species of N. geoffroyi; the Brazilian Committee for Ornithological
Records (CBRO) regards it as a separate species, whereas BirdLife International does not
(BirdILife International, 2021; de Piacentini et al., 2015; Firme et al., 2014; Gongalves-Castro
& Silva-Castilho, 2015). N. squamiger is endemic to the Xingu, Tapajés, Madeira, and
Tocantins basins, but there are only a few distribution records for this species and its behaviour
is also poorly known (Firme et al., 2014; Gongalves-Castro & Silva-Castilho, 2015). On one
occasion, this species has been observed following a flock of Tayassu pecari (Gongalves-
Castro & Silva-Castilho, 2015), a behaviour also observed in other Neomorphus spp., and
probably an adaptation to utilise left-over food sources and catch insects following mammal
groups (Gil et al., 2016; Goncalves-Castro & Silva-Castilho, 2015; Haugaasen & Peres, 2013;
Teixeira et al., 2014). The ten detections of N. squamiger, within the current study were all of
solitary individuals, supporting earlier records of this species (Goncgalves-Castro & Silva-
Castilho, 2015) and records of other species in the same genus (Gil et al., 2016; Teixeiraet al.,
2014). While no interactions between N. squamiger and mammals were registered, detections
in this study do provide further evidence for solitary behaviour and increase the number of
distribution records for this little-known species.

Body mass had a significant positive effect on detection rate, with larger species being
detected more than smaller species across all three sites. This is consistent with camera trap
studies of other terrestrial vertebrates (Ahumada et al., 2013; Negroes et al., 2011; O'Brien &
Kinnaird, 2008). Smaller species need to be closer to the camera lens and are therefore less
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likely to be detected (Meek et al., 2012; Ortmann & Johnson, 2021; Swann et al., 2011).
Ortmann and Johnson (2021) found a decrease in detection rate when species weighed less than
15 grams and when birds were more than four meters from the camera. Passive infrared sensors
may also fail to detect smaller species (Meek et al., 2012; Rovero et al., 2010). The feathers on
birds insulate the body heat well and may hence emit less heat (Herreid 11 & Kessel, 1967;
Ortmann & Johnson, 2021). If the heat difference between a bird and the surrounding
temperature is less than 2.7°C or the individual is small (less surface area to emit heat) the
camera trap may not be triggered (Meek et al., 2012; Rovero et al., 2013). In addition, terrestrial
species usually have a greater body mass than species from higher forest strata, and since these
were detected more often, this could partly explain skewed observations in relation to body
size (Pearson, 1971). For this combination of reasons, camera traps are better suited to sample
larger terrestrial species, and although interesting data on smaller birds can still be obtained,
sample sizes tend to be lower.

Terrestrial avifauna were detected at a rate approximately three times higher than
species from higher forest strata. The sampling protocol in this study targeted terrestrial
vertebrates (Jansen et al., 2014; TEAM Network, 2011), and species that typically forage in
higher forest strata can therefore be considered by-catch observations, even though they
provide important behavioural records. Ground-based camera traps are suitable for detecting
terrestrial and understorey avifauna, but inevitably only detect higher forest strata species when
these might come down to the forest floor (Chmel et al., 2016; O'Brien & Kinnaird, 2008). This
study was consistent with these expectations, with relatively few arboreal species detected. For
a more complete inventory of species present in an area, camera traps placed at different
interval heights have been found effective for sampling higher strata (Gregory et al., 2014;
Moore et al., 2020), much as conducting mist-netting at midstorey and canopy levels (Chmel
et al., 2016), or directly observing from cranes above or at canopy height (Walther, 2002a;
Walther, 2002b). However, arboreal camera traps and canopy mist-netting are more
challenging to implement as sampling techniques and thus less replicable. Therefore, sampling
techniques such as spot-mapping, audio-recordings, and mist-netting, as done by Terborgh et
al. (1990), in combination with ground-based camera traps, are likely to continue to provide
the best coverage of species present.

The forest avian species detected filled 16 different foraging guilds, with ground-
dwelling frugivores having the highest detection rates across all sites. Food resource
availability could have affected the high detection rates of terrestrial frugivores. As with other
food sources, the fruit availability varies both spatially and seasonally (Costa et al., 2018;
Haugaasen & Peres, 2007; Hawes & Peres, 2014; Paredes et al., 2017). In terra firme forest,
fruiting starts at the onset of the wet season, and fruit-falls on the forest floor reach a maximum
later in this season (Costa et al., 2018; Haugaasen & Peres, 2005; Haugaasen & Peres, 2007;
Hawes & Peres, 2016; Mere Roncal et al., 2019). In comparison, fruit abundance is low during
the dry season (Haugaasen & Peres, 2005; Hawes & Peres, 2016; Paredes et al., 2017). During
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this season, figs, which are found throughout the year, are a vital food source for frugivores
(Diaz-Martin et al., 2014; Shanahan et al., 2001). Ficus spp. trees are unsynchronised in fruit
production, and figs are therefore a patchy food source (Shanahan et al., 2001). Since sampling
occurred in the dry season and transition phase to wet season, it is likely that fruit resources on
the ground were low, and terrestrial frugivores were relying on the spatially distributed figs.
Species from this guild may therefore have needed to search longer for food, increasing their
activity and probability of being detected on camera in this period of the year.

Fourteen terrestrial insectivores were detected in Terra do Meio, and this guild was
therefore the most species rich at this site. On the other hand, in Juruena and Jamari, only two
and one terrestrial insectivorous species were detected, respectively. Being located within the
deforestation arc of southern Amazonia, Juruena and Jamari have become drier (Costa & Pires,
2010; Negroes et al., 2011; Werth & Avissar, 2002). Apart from a regional change in climate
conditions, selectively logged forests receive more light and the microclimate on the forest
floor gets drier (Patten & Smith-Patten, 2012). Therefore, arthropods dependent on moist
ground habitat diminish, causing cascading effects on avian insectivore specialists (Gray et al.,
2007; Hamer et al., 2015; Lees & Peres, 2008; Newbold et al., 2013). In fact, terrestrial
insectivores dependent on dense humid primary forest were found to be the most severely
impacted avifauna group by the deforestation arc (Lees & Peres, 2008). Studies on the effects
of RIL on the avifauna in Borneo also found declines in terrestrial insectivores, especially leaf-
litter gleaners, after logging (Cleary et al., 2007; Edwards et al., 2009; Hamer et al., 2015). The
use of RIL techniques in Jamari, together with the drier conditions caused by the deforestation
arc, are likely contributing factors to the low numbers of terrestrial insectivores recorded in
Juruena and Jamari.

The general activity trend detected across all species was of heightened activity in early
morning (approx. 06:00 — 08:30) and late afternoon (approx. 17:00 — 18:30). This bimodal
diurnal activity pattern coincides with results from other studies in tropical regions (Mere
Roncal et al., 2019; Murphy et al., 2018; Negroes et al., 2011; Pérez-Irineo & Santos-Moreno,
2017), and is commonly observed in avifauna worldwide (Robbins, 1981). Birds may avoid
the hotter mid-day period and concentrate activity in the cooler mornings and evenings (Pérez-
Irinco & Santos-Moreno, 2017; Pérez-lrineo & Santos-Moreno, 2021). The morning and
evening air humidity levels are also often higher, increasing insect abundance, which birds may
utilise for better foraging efficiency (Pérez-Granados & Schuchmann, 2020). However,
although the general trend showed a bimodal diurnal activity, deviations within studied
functional groups were observed.

Within the most common families (Tinamidae, Psophiidae, Cracidae and Columbidae),
bimodal diurnal activity was not always prominent. Except for Penelope spp. and Pipile cujubi,
all species recorded from these families were ground-dwelling (Wilman et al., 2014). The
activity patterns observed among tinamids in this study support reports of strict diurnal activity
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with increased activity in the morning and evening (Estevo et al., 2017; Kuhnen et al., 2013),
although certain species in this family are more crepuscular or nocturnal (Brennan, 2004). The
Psophiidae were more constantly active throughout the day with less distinct activity peaks,
also supporting earlier research (Griffiths et al., 2020; Mere Roncal et al., 2019). Cracids are
mostly active in the early morning, with a minor activity peak before sunset (Pérez-Irineo &
Santos-Moreno, 2017; Pérez-Irineo & Santos-Moreno, 2021; Srbek-Araujo et al., 2012), as
observed in Terra do Meio. The evening activity peaks might indicate movement to roosts,
since cracids roost in higher strata (Delacour & Amadon, 2004; Srbek-Araujo et al., 2012).
Columbidae were distinctly more active at sunrise and sunset in Jamari, in support of previous
findings (Pérez-Granados & Schuchmann, 2020; Robbins, 1981). In Juruena on the other hand,
activity was skewed towards noon. This diversion from the bimodal diurnal activity pattern
may be explained by the high number of records for Leptotila rufaxilla during the midday
period at this site. Similar observations have been reported for the activity of L. verreauxi in
Central America (Skutch, 1964). However, in Terra do Meio L. rufaxilla detections were also
high, but the midday activity peak was less pronounced.

Arboreal and foraging strata generalists also deviated from the bimodal diurnal activity
generally observed in terrestrial species. Species from higher vertical strata were detected more
towards mid-day, coinciding with observations done through point- and line-transects in earlier
research (Pearson, 1971; Walther, 2002b). Similar to the observed trend of terrestrial species
reducing their activity levels during the hottest periods of the day (Pérez-Irinco & Santos-
Moreno, 2017; Pérez-Irineo & Santos-Moreno, 2021), arboreal species may escape the intense
sunlight and highest temperatures by moving into the understorey (Pearson, 1971; Walther,
2002b). Pearson (1971) also argues that arboreal birds might follow the movement of insects
down to lower strata, or that insects at higher strata have gained more energy from the heat and
are therefore more difficult to catch than the less active insects in the more shaded understorey.

Although activity patterns generally had a high coefficient of overlap between sites,
some significant differences were still detected. For example, Juruena and Jamari had little
night-time activity, whereas in Terra do Meio avian detections occurred throughout the night.
Malfunctioning of traps during the night can be ruled out, as mammals were detected
throughout the night in both Juruena and Jamari. The species detected at night were, for the
most part, also detected at the two other sites. Species composition is therefore unlikely the
underlying reason. Except for the Common Pauraque (Nytidromus albicollis), which is a
nocturnal species, all other species detected were mainly diurnal (Wilman et al., 2014). Few
night-time detections would therefore be expected, so this is a rather unexpected result for
which the underlying reasons remain unclear. Another difference between sites was the less
prominent bimodal diurnal activity in Juruena, and that the first activity peak in the morning
was later here than at the two other sites. Most species adapt their activity to biotic and abiotic
factors in their surroundings, for instance intra- and interspecific competition, predation risk,
food availability, and weather conditions (Frey et al., 2017; Halle, 2000; Mere Roncal et al.,
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2019; Rowcliffe et al., 2014). Variations in activity between sites could be driven by
differences in such factors (Frey et al., 2017). Investigating these environmental stimuli in more
detail could shed more light on the temporal behaviour of species, but for now, the reasons for
these activity differences remain speculative.

To the best of my knowledge this is the first study to include and attempt to identify all
avian species captured on wildlife cameras from camera trap surveys performed in the Amazon.
From the 4,134 independent detections recorded, 87.4% were identified to species level, which
resulted in a total of 66 species from 51 genera, 31 families, and 16 different orders.

The camera trap effort yielded a relatively high avian species richness, with strong
differences between the three sites investigated. These differences, particularly within
terrestrial insectivores, appears to suggest that surrounding deforestation may have
consequences even for the avifauna within intact nearby forests. The RIL techniques used in
Jamari, and the deforestation arc of southern Amazonia, likely caused drier climate conditions
in Juruena and Jamari, probably impacting food resource availability and thus also affecting
avifauna. This study also contributes to support earlier findings of diurnal and gregarious
behaviour in Nothocrax urumutum and solitary behaviour in Neomorphus squamiger. The
detections of these two little-known species shows the high value of remote cameras in
acquiring more knowledge on terrestrial elusive species. Large ground-dwelling species were
most frequently observed at all three sites and underlines that the use of wildlife cameras is
most adequate for monitoring terrestrial vertebrates of larger body size. The activity patterns
observed indicate a response to heat stress; terrestrial species were observed to be most active
in the cooler mornings and evenings, and arboreal species escaped to lower strata during mid-
day. Variations, although minor, in activity patterns were observed between sites, showing a
need for future research on how environmental factors influence diel activity patterns in avian
communities.

Through these findings, | demonstrated the usefulness of camera traps as a tool for
biodiversity surveys. The non-invasive nature of camera traps and ability to be left
autonomously in the field for several weeks allows for the collection of large amounts of data
that would otherwise be much more challenging. Studies analysing such extensive datasets
usually ignore certain camera trap footage, therefore there are large amounts of untapped data
already collected but so far not analysed. This study shows that avifaunal records from existing
camera trap data can be reliably identified and yield important findings. Although the current
study demonstrates the value of including all avifaunal detections, it also provides evidence
that ground-based camera trapping alone is not sufficient for a complete community-wide
perspective. For even better coverage, camera traps are recommended to be used in
combination with other sampling methods, such as spot-mapping, audio-records, and mist-
netting.

28



Ahumada, J. A., Silva, C. E., Gajapersad, K., Hallam, C., Hurtado, J., Martin, E., McWilliam,
A., Mugerwa, B., O'Brien, T. & Rovero, F. (2011). Community structure and diversity
of tropical forest mammals: data from a global camera trap network. Philosophical
Transactions of the Royal Society B: Biological Sciences, 366 (1578): 2703-2711.

Ahumada, J. A., Hurtado, J. & Lizcano, D. (2013). Monitoring the status and trends of tropical
forest terrestrial vertebrate communities from camera trap data: a tool for conservation.
PloS one, 8 (9).

Ahumada, J. A., Fegraus, E., Birch, T., Flores, N., Kays, R., O’Brien, T. G., Palmer, J.,
Schuttler, S., Zhao, J. Y. & Jetz, W. (2020). Wildlife insights: A platform to maximize
the potential of camera trap and other passive sensor wildlife data for the planet.
Environmental Conservation, 47 (1): 1-6.

Alvares, C. A., Stape, J. L., Sentelhas, P. C., Goncalves, J. d. M. & Sparovek, G. (2013).
Koppen’s climate classification map for Brazil. Meteorologische Zeitschrift, 22 (6):
711-728.

ARPA. (2011a). Plano de Manejo do Parque Nacional do Juruena Encarte 1 -
Contextualizacdo da Unidade de Conservacdo: Instituto Chico Mendes de
Conservagdo da Biodiversidade - Unidades de Conservacdo, ICMBio - PARNA,
MINISTERIO DO MEIO AMBIENTE. Available at:
https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-
coservacao/Encartel.pdf (accessed: 19.12.2020).

ARPA. (2011b). Plano de Manejo do Parque Nacional do Juruena, Encarte 2 — Analise da
Regido da Unidade de Conservacgdo: Instituto Chico Mendes de Conservacdo da
Biodiversidade - Unidades de Conservagdo, ICMBio - PARNA, MINISTERIO DO
MEIO AMBIENTE. Available at:
https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-
coservacao/Encarte2.pdf (accessed: 19.12.2020).

Basset, Y., Aberlenc, H.-P., Barrios, H., Curletti, G., Bérenger, J.-M., Vesco, J.-P., Causse, P.,
Haug, A., Hennion, A.-S. & Lesobre, L. (2001). Stratification and diel activity of
arthropods in a lowland rainforest in Gabon. Biological Journal of the Linnean Society,
72 (4): 585-607.

Beaudrot, L., Ahumada, J. A., O'Brien, T., Alvarez-Loayza, P., Boekee, K., Campos-Arceiz,
A., Eichberg, D., Espinosa, S., Fegraus, E. & Fletcher, C. (2016). Standardized
assessment of biodiversity trends in tropical forest protected areas: the end is not in
sight. PLoS biology, 14 (1): €1002357.

Beja, P., Santos, C. D., Santana, J., Pereira, M. J., Marques, J. T., Queiroz, H. L. & Palmeirim,
J. M. (2010). Seasonal patterns of spatial variation in understory bird assemblages
across a mosaic of flooded and unflooded Amazonian forests. Biodiversity and
conservation, 19 (1): 129.

Bibby, C. J., Burgess, N. D., Hill, D. A. & Mustoe, S. (2000). Bird census techniques: Elsevier.

BirdLife International. (2021). Species factsheet: Nothocrax urumutum. Available at:
http://datazone.birdlife.org/species/factsheet/22678461.

BirdLife International. (n.d.). Conserving Key Biodiversity Sites in the Amazon. Available at:
https://www.birdlife.org/americas/projects/conserving-key-biodiversity-sites-amazon-
rainforest (accessed: 03.05.2021).

BirdILife International. (2021). Species factsheet: Neomorphus squamiger. Available at:
http://datazone.birdlife.org/species/factsheet/22684469 (accessed: 29/03/2021).

29


https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-coservacao/Encarte1.pdf
https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-coservacao/Encarte1.pdf
https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-coservacao/Encarte2.pdf
https://www.icmbio.gov.br/portal/images/stories/imgs-unidades-coservacao/Encarte2.pdf
http://datazone.birdlife.org/species/factsheet/22678461
https://www.birdlife.org/americas/projects/conserving-key-biodiversity-sites-amazon-rainforest
https://www.birdlife.org/americas/projects/conserving-key-biodiversity-sites-amazon-rainforest
http://datazone.birdlife.org/species/factsheet/22684469

Blake, J. G., Mosquera, D., Guerra, J., Loiselle, B. A., Romo, D. & Swing, K. (2011). Mineral
licks as diversity hotspots in lowland forest of eastern Ecuador. Diversity, 3 (2): 217-
234.

Blake, J. G., Mosquera, D., Loiselle, B. A., Swing, K. & Romo, D. (2017). Long-term variation
in abundance of terrestrial mammals and birds in eastern Ecuador as measured by
photographic rates and occupancy estimates. Journal of Mammalogy, 98 (4): 1168-
1178.

Brennan, P. L. (2004). Techniques for studying the behavioral ecology of forest-dwelling
tinamous (Tinamidae). Ornitologia neotropical, 15 (Supplement): 329-337.

Bridges, A. S. & Noss, A. J. (2011). Behavior and activity patterns. In Camera traps in animal
ecology, pp. 57-69: Springer.

Brown, J. H. (2014). Why are there so many species in the tropics? Journal of biogeography,
41 (1): 8-22.

Burton, A. C., Neilson, E., Moreira, D., Ladle, A., Steenweg, R., Fisher, J. T., Bayne, E. &
Boutin, S. (2015). Wildlife camera trapping: a review and recommendations for linking
surveys to ecological processes. Journal of Applied Ecology, 52 (3): 675-685.

Carthew, S. M. & Slater, E. (1991). Monitoring animal activity with automated photography.
The Journal of wildlife management: 689-692.

Carvalho Jr, E. A., Mendonca, E. N., Martins, A. & Haugaasen, T. (2020). Effects of illegal
logging on Amazonian medium and large-sized terrestrial vertebrates. Forest Ecology
and Management, 466: 118105.

Chao, A., Gotelli, N. J., Hsieh, T., Sander, E. L., Ma, K., Colwell, R. K. & Ellison, A. M.
(2014). Rarefaction and extrapolation with Hill numbers: a framework for sampling
and estimation in species diversity studies. Ecological monographs, 84 (1): 45-67.

Chaves, W. A., Sieving, K. E. & Fletcher Jr, R. J. (2017). Avian responses to reduced-impact
logging in the southwestern Brazilian Amazon. Forest ecology and management, 384:
147-156.

Chmel, K., Riegert, J., Paul, L. & Novotny, V. (2016). Vertical stratification of an avian
community in New Guinean tropical rainforest. Population Ecology, 58 (4): 535-547.

Cleary, D. F., Boyle, T. J., Setyawati, T., Anggraeni, C. D., Loon, E. E. V. & Menken, S. B.
(2007). Bird species and traits associated with logged and unlogged forest in Borneo.
Ecological Applications, 17 (4): 1184-1197.

Clemons, T. E. & Bradley Jr, E. L. (2000). A nonparametric measure of the overlapping
coefficient. Computational statistics & data analysis, 34 (1): 51-61.

Costa, H. C., Peres, C. A. & Abrahams, M. I. (2018). Seasonal dynamics of terrestrial
vertebrate abundance between Amazonian flooded and unflooded forests. PeerJ, 6:
e5058.

Costa, M. H. & Pires, G. F. (2010). Effects of Amazon and Central Brazil deforestation
scenarios on the duration of the dry season in the arc of deforestation. International
Journal of Climatology, 30 (13): 1970-1979.

Daan, S. & Aschoff, J. (1975). Circadian rhythms of locomotor activity in captive birds and
mammals: their variations with season and latitude. Oecologia, 18 (4): 269-316.
Dalponte, J. C., Gregorin, R., Esteves-Costa, V. A., Rocha, E. C. & Marcelino, R. (2016). Bat
survey of the lower Juruena River and five new records for the state of Mato Grosso,

Brazil. Acta Amazonica, 46 (2): 227-232.

de Oliveira Roque, F., Uehara-Prado, M., Valente-Neto, F., Quintero, J. M. O., Ribeiro, K. T.,
Martins, M. B., de Lima, M. G., Souza, F. L., Fischer, E. & da Silva Jr, U. L. (2018).
A network of monitoring networks for evaluating biodiversity conservation
effectiveness in Brazilian protected areas. Perspectives in ecology and conservation, 16
(4): 177-185.

30



de Piacentini, V. Q., Aleixo, A., Agne, C. E., Mauricio, G. N., Pacheco, J. F., Bravo, G. A,
Brito, G. R., Naka, L. N., Olmos, F. & Posso, S. (2015). Annotated checklist of the
birds of Brazil by the Brazilian Ornithological Records Committee/Lista comentada das
aves do Brasil pelo Comité Brasileiro de Registros Ornitolégicos. Revista Brasileira de
Ornitologia, 23 (2): 91-298.

Delacour, J. & Amadon, D. (2004). Curassows and Related Birds. Second edition ed.
Barcelona and New York: Lynx Edicions and The National Museum of Natural History.

Dias, D. d. M., Almeida, M. d. O. S., Araudjo-Piovezan, T. G. d. & Dantas, J. O. (2019).
Spatiotemporal ecology of two Neotropical herbivorous mammals. Papéis Avulsos de
Zoologia, 59.

Diaz-Martin, Z., Swamy, V., Terborgh, J., Alvarez-Loayza, P. & Cornejo, F. (2014).
Identifying keystone plant resources in an Amazonian forest using a long-term fruit-
fall record. J. Trop. Ecol, 30 (4): 291-301. doi: 10.1017/S0266467414000248.

Dinata, Y., Nugroho, A., Haidir, I. A. & Linkie, M. (2008). Camera trapping rare and
threatened avifauna in west-central Sumatra. Bird Conservation International, 18 (1):
30-37.

Dunn, P. K. & Smyth, G. K. (2018). Generalized Linear Models with Examples in R. Springer
texts in statistics. New York, NY: New York, NY: Springer New York.

Dunning Jr, J. B. (2007). CRC handbook of avian body masses: CRC press.

Edwards, D. P., Ansell, F. A., Ahmad, A. H., Nilus, R. & Hamer, K. C. (2009). The value of
rehabilitating logged rainforest for birds. Conservation Biology, 23 (6): 1628-1633.

Edwards, D. P., Woodcock, P., Edwards, F. A., Larsen, T. H., Hsu, W. W., Benedick, S. &
Wilcove, D. S. (2012). Reduced-impact logging and biodiversity conservation: a case
study from Borneo. Ecological Applications, 22 (2): 561-571.

Ensing, E. P., Ciuti, S., de Wijs, F. A., Lentferink, D. H., Ten Hoedt, A., Boyce, M. S. & Hut,
R. A. (2014). GPS based daily activity patterns in European red deer and North
American elk (Cervus elaphus): indication for a weak circadian clock in ungulates.
PL0S One, 9 (9): e106997.

Estevo, C. A., Nagy-Reis, M. B. & Nichols, J. D. (2017). When habitat matters: Habitat
preferences can modulate co-occurrence patterns of similar sympatric species. PLoS
One, 12 (7).

Fegraus, E. H., Lin, K., Ahumada, J. A., Baru, C., Chandra, S. & Youn, C. (2011). Data
acquisition and management software for camera trap data: A case study from the
TEAM Network. Ecological Informatics, 6 (6): 345-353.

Firme, D. H., de Assis, C. P., Graves, G. R. & Raposo, M. A. (2014). Taxonomic status of
Scaled Ground Cuckoo Neomorphus squamiger Todd, 1925. Bull. Brit. Orn. Cl, 134:
224-231.

Frey, S., Fisher, J. T., Burton, A. C. & Volpe, J. P. (2017). Investigating animal activity patterns
and temporal niche partitioning using camera-trap data: challenges and opportunities.
Remote Sensing in Ecology and Conservation, 3 (3): 123-132.

Gil, C. A. Q., Piana, R., Broadbent, E., Zambrano, A. A. & Zambrano, S. L. A. (2016). First
documentation of a foraging association between the Rufous-vented Ground-cuckoo
(Neomorphus geoffroyi) and the Collared Peccary (Pecari tajacu) in southeastern Peru.

Goncalves-Castro, V. & Silva-Castilho, L. (2015). Records of Neomorphus squamiger todd,
1925 (cuculiforme: cuculidae) and interaction between n. Squamiger and a flock of
Tayassu pecari link, 1795 (artiodactyla: tayassuidae). Brazilian Journal of Biology, 75
(3): 179-180.

Gotelli, N. J. & Colwell, R. K. (2001). Quantifying biodiversity: procedures and pitfalls in the
measurement and comparison of species richness. Ecology letters, 4 (4): 379-391.

31



Gray, M. A., Baldauf, S. L., Mayhew, P. J. & Hill, J. K. (2007). The response of avian feeding
guilds to tropical forest disturbance. Conservation Biology, 21 (1): 133-141.

Gregory, T., Carrasco Rueda, F., Deichmann, J., Kolowski, J. & Alonso, A. (2014). Arboreal
camera trapping: taking a proven method to new heights. Methods in Ecology and
Evolution, 5 (5): 443-451.

Griffiths, B. M., Bowler, M., Gilmore, M. P. & Luther, D. (2020). Temporal patterns of
visitation of birds and mammals at mineral licks in the Peruvian Amazon. Ecology and
evolution, 10 (24): 14152-14164.

Haffer, J. (1969). Speciation in Amazonian forest birds. Science, 165 (3889): 131-137.

Halle, S. (2000). Ecological relevance of daily activity patterns. In Activity patterns in small
mammals, pp. 67-90: Springer.

Hamer, K. C., Newton, R. J., Edwards, F. A., Benedick, S., Bottrell, S. H. & Edwards, D. P.
(2015). Impacts of selective logging on insectivorous birds in Borneo: the importance
of trophic position, body size and foraging height. Biological Conservation, 188: 82-
88.

Hanya, G. & Aiba, S.-i. (2010). Fruit fall in tropical and temperate forests: implications for
frugivore diversity. Ecological Research, 25 (6): 1081-1090.

Haugaasen, T. & Peres, C. A. (2005). Tree phenology in adjacent Amazonian flooded and
unflooded forests 1. Biotropica: The Journal of Biology and Conservation, 37 (4): 620-
630.

Haugaasen, T. & Peres, C. A. (2007). Vertebrate responses to fruit production in Amazonian
flooded and unflooded forests. Biodiversity and Conservation, 16 (14): 4165-4190.

Haugaasen, T. & Peres, C. A. (2013). Red-billed Ground Cuckoo Neomorphus pucheranii
lepidophanes. Neotropical Birding, 12.

Hawes, J. E. & Peres, C. A. (2014). Ecological correlates of trophic status and frugivory in
neotropical primates. Oikos, 123 (3): 365-377.

Hawes, J. E. & Peres, C. A. (2016). Patterns of plant phenology in Amazonian seasonally
flooded and unflooded forests. Biotropica, 48 (4): 465-475.

Herreid IlI, C. F. & Kessel, B. (1967). Thermal conductance in birds and mammals.
Comparative Biochemistry and Physiology, 21 (2): 405-414.

Hertel, A. G., Zedrosser, A., Mysterud, A., Stgen, O.-G., Steyaert, S. M. & Swenson, J. E.
(2016). Temporal effects of hunting on foraging behavior of an apex predator: Do bears
forego foraging when risk is high? Oecologia, 182 (4): 1019-1029.

Hill, J. L. & Hill, R. A. (2001). Why are tropical rain forests so species rich? Classifying,
reviewing and evaluating theories. Progress in physical geography, 25 (3): 326-354.
doi: 10.1177/030913330102500302.

Hoffmann, J. P. (2016). Regression models for categorical, count, and related variables: An
applied approach: Univ of California Press.

Hurlbert, S. H. (1971). The nonconcept of species diversity: a critique and alternative
parameters. Ecology, 52 (4): 577-586.

IBAMA. (2005a). Plano de Manejo da Floresta Nacional do Jamari — Rond6nia Volume 1
Diagnostico Instituto Chico Mendes de Conservagdo da Biodiversidade - Unidades de
Conservacio, ICMBio - FLONA, MINISTERIO DO MEIO AMBIENTE. Available at:
https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-
manejo/flona_jamari_pm_diagnostico.pdf (accessed: 20.12.2020).

IBAMA. (2005b). Plano de Manejo da Floresta Nacional do Jamari — Rondonia Volume 11
Planejamento: Instituto Chico Mendes de Conservacdo da Biodiversidade - Unidades
de Conservacio, ICMBio - FLONA, MINISTERIO DO MEIO AMBIENTE. Available
at: https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-
manejo/flona_jamari_pm_planejamento.pdf (accessed: 20.12.2020).

32


https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-manejo/flona_jamari_pm_diagnostico.pdf
https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-manejo/flona_jamari_pm_diagnostico.pdf
https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-manejo/flona_jamari_pm_planejamento.pdf
https://www.icmbio.gov.br/portal/images/stories/docs-planos-de-manejo/flona_jamari_pm_planejamento.pdf

ICMBIo. (2015). : Estacéo Ecoldgica da Terra do Meio Plano de Manejo. Ministério do Meio
Ambiente, Diretoria de Criacdo e Manejo de Unidades de Conservacao, Instituto Chico
Mendes de Conservacao da Biodiversidade. Available at:
https://www.icmbio.gov.br/portal/images/storiessDCOM_plano_de_manejo_Esec_da

Terra_do_Meio.pdf (accessed: 19.12.2020).

Jansen, P. A., Ahumada, J., Fegraus, E. & O’Brien, T. (2014). TEAM: a standardised camera
trap survey to monitor terrestrial vertebrate communities in tropical forests. Camera
trapping: wildlife research and management: 263-270.

Kalamandeen, M., Gloor, E., Mitchard, E., Quincey, D., Ziv, G., Spracklen, D., Spracklen, B.,
Adami, M., Aragdo, L. E. & Galbraith, D. (2018). Pervasive rise of small-scale
deforestation in Amazonia. Scientific reports, 8 (1): 1-10.

Kays, R., Tilak, S., Kranstauber, B., Jansen, P. A., Carbone, C., Rowcliffe, M. J., Fountain, T.,
Eggert, J. & He, Z. (2010). Monitoring wild animal communities with arrays of motion
sensitive camera traps. arXiv preprint arXiv:1009.5718.

Kucera, T. E. & Barrett, R. H. (2011). A history of camera trapping. In Camera traps in animal
ecology, pp. 9-26: Springer.

Kuhnen, V. V., De Lima, R., Santos, J. & Machado Filho, L. (2013). Habitat use and circadian
pattern of Solitary Tinamou Tinamus solitarius in a southern Brazilian Atlantic
rainforest. Bird Conservation International, 23 (1): 78-82.

Lamelas-Lopez, L., Pardavila, X., Amorim, I. & Borges, P. (2020). Wildlife inventory from
camera-trapping surveys in the Azores (Pico and Terceira islands). Biodiversity data
journal, 8: e47865-e47865. doi: 10.3897/BDJ.8.e47865.

Lashley, M. A., Cove, M. V., Chitwood, M. C., Penido, G., Gardner, B., DePerno, C. S. &
Moorman, C. E. (2018). Estimating wildlife activity curves: comparison of methods
and sample size. Scientific reports, 8 (1): 1-11.

Lees, A. C. & Peres, C. A. (2006). Rapid avifaunal collapse along the Amazonian deforestation
frontier. Biological Conservation, 133 (2): 198-211.

Lees, A. C. & Peres, C. A. (2008). Avian life-history determinants of local extinction risk in a
hyper-fragmented neotropical forest landscape. Animal conservation, 11 (2): 128-137.

Lopes, L. E., Fernandes, A. M., Medeiros, M. C. & Marini, M. A. (2016). A classification
scheme for avian diet types. Journal of Field Ornithology, 87 (3): 309-322.

MacArthur, R. H. & MacArthur, J. W. (1961). On bird species diversity. Ecology, 42 (3): 594-

598.
MapBiomas Project (2019). Collection v.5.0 of the Annual Series of Coverage and Land Use
Maps in Brazil. Available at: (accessed: 15.03.2021-)

Marinho, P. H., Fonseca, C. R., Sarmento, P., Fonseca, C. & Venticinque, E. M. (2020).
Temporal niche overlap among mesocarnivores in a Caatinga dry forest. European
Journal of Wildlife Research, 66 (2): 1-13.

Marra, P. P. & Remsen Jr, J. (1997). Insights into the maintenance of high species diversity in
the Neotropics: habitat selection and foraging behavior in understory birds of tropical
and temperate forests. Ornithological Monographs: 445-483.

Meek, P. D., Fleming, P. & Ballard, G. (2012). An introduction to camera trapping for wildlife
surveys in Australia: Invasive Animals Cooperative Research Centre Canberra.

Mere Roncal, C., Middendorf, E., Forsyth, A., Caceres, A., Blake, J. G., Almeyda Zambrano,
A. M. & Broadbent, E. N. (2019). Assemblage structure and dynamics of terrestrial
birds in the southwest Amazon: a camera-trap case study. Journal of Field Ornithology,
90 (3): 203-214.

Meredith, M., Ridout, M. & Meredith, M. M. (2020). Package ‘overlap’.

33


https://www.icmbio.gov.br/portal/images/stories/DCOM_plano_de_manejo_Esec_da_Terra_do_Meio.pdf
https://www.icmbio.gov.br/portal/images/stories/DCOM_plano_de_manejo_Esec_da_Terra_do_Meio.pdf

Mestre, L., Cosset, C., Nienow, S., Krul, R., Rechetelo, J., Festti, L. & Edwards, D. (2020).
Impacts of selective logging on avian phylogenetic and functional diversity in the
Amazon. Animal Conservation.

Montejo-Kovacevich, G., Hethcoat, M. G., Lim, F. K., Marsh, C. J., Bonfantti, D., Peres, C.
A. & Edwards, D. P. (2018). Impacts of selective logging management on butterflies in
the Amazon. Biological Conservation, 225: 1-9.

Moore, J., Pine, W., Mulindahabi, F., Niyigaba, P., Gatorano, G., Masozera, M. & Beaudrot,
L. (2020). Comparison of species richness and detection between line transects, ground
camera traps, and arboreal camera traps. Animal Conservation, 23 (5): 561-572.

Murphy, A. J., Farris, Z. J., Karpanty, S., Kelly, M. J., Miles, K. A., Ratelolahy, F.,
Rahariniaina, R. P. & Golden, C. D. (2018). Using camera traps to examine distribution
and occupancy trends of ground-dwelling rainforest birds in north-eastern Madagascar.
Bird Conservation International, 28 (4): 567-580.

Natural Earth. (2009 - 2021). Natural Earth Il with Shaded Relief. Available at:
https://www.naturalearthdata.com/downloads/50m-natural-earth-2/50m-natural-earth-
ii-with-shaded-relief/ (accessed: 30.03.2021).

Negroes, N., Revilla, E., Fonseca, C., Soares, A. M., Jacomo, A. T. & Silveira, L. (2011).
Private forest reserves can aid in preserving the community of medium and large-sized
vertebrates in the Amazon arc of deforestation. Biodiversity and Conservation, 20 (3):
505-518.

Newbold, T., Scharlemann, J. P., Butchart, S. H., Sekercioglu, C. H., Alkemade, R., Booth, H.
& Purves, D. W. (2013). Ecological traits affect the response of tropical forest bird
species to land-use intensity. Proceedings of the Royal Society B: Biological Sciences,
280 (1750): 20122131.

Nouvellet, P., Rasmussen, G., Macdonald, D. & Courchamp, F. (2012). Noisy clocks and silent
sunrises: measurement methods of daily activity pattern. Journal of Zoology, 286 (3):
179-184.

O'Brien, T. G. & Kinnaird, M. F. (2008). A picture is worth a thousand words: the application
of camera trapping to the study of birds. Bird Conservation International, 18 (S1):
S144-S162.

O'Connell, A. F., Nichols, J. D. & Karanth, K. U. (2011). Camera traps in animal ecology:
methods and analyses: Springer Science & Business Media.

Oksanen, J. (2020). Vegan: ecological diversity. R Project, 368.

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P.
R., O'Hara, R. B., Simpson, G. L., Solymos, P., et al. (2020). Package 'vegan'
Community Ecology Package Version 2.5-7.

Oliveira-Santos, L. G. R., Zucco, C. A. & Agostinelli, C. (2013). Using conditional circular
kernel density functions to test hypotheses on animal circadian activity. Animal
Behaviour, 85 (1): 269-80.

Ortmann, C. & Johnson, S. (2021). How reliable are motion-triggered camera traps for
detecting small mammals and birds in ecological studies? Journal of Zoology, 313 (3):
202-207.

Paredes, O. S. L., Norris, D., Oliveira, T. G. d. & Michalski, F. (2017). Water availability not
fruitfall modulates the dry season distribution of frugivorous terrestrial vertebrates in a
lowland Amazon forest. PloS one, 12 (3): e0174049.

Parker 111, T. A. (2002). Behavior, habitat, and status of the Nocturnal Curassow (Nothocrax
urumutum) in northern Peru. Ornitologia Neotropical, 13: 153-158.

Patten, M. A. & Smith-Patten, B. D. (2012). Testing the microclimate hypothesis: light
environment and population trends of Neotropical birds. Biological Conservation, 155:
85-93.

34


https://www.naturalearthdata.com/downloads/50m-natural-earth-2/50m-natural-earth-ii-with-shaded-relief/
https://www.naturalearthdata.com/downloads/50m-natural-earth-2/50m-natural-earth-ii-with-shaded-relief/

Pearson, D. L. (1971). Vertical stratification of birds in a tropical dry forest. The Condor, 73
(1): 46-55.

Pérez-Granados, C. & Schuchmann, K.-L. (2020). Diel and Seasonal Variations of Vocal
Behavior of the Neotropical White-Tipped Dove (Leptotila verreauxi). Diversity, 12
(10): 402.

Pérez-Irineo, G. & Santos-Moreno, A. (2017). Occupancy, relative abundance, and activity
patterns of Great Curassow (Crax rubra) in southeastern Mexico. Ornitologia
Neotropical, 28: 313-320.

Pérez-Irineo, G. & Santos-Moreno, A. (2021). Bird activity patterns in the understorey of an
evergreen forest in Oaxaca, Mexico. Neotropical Biology and Conservation, 16: 1.

Perlo, B. v. (2009). A field guide to the Birds of Brazil: Oxford University Press.

Pinage, E. R., Matricardi, E. A. T., Leal, F. A. & Pedlowski, M. A. (2016). Estimates of
selective logging impacts in tropical forest canopy cover using RapidEye imagery and
field data. iForest-Biogeosciences and Forestry, 9 (3): 461.

Presidéncia da Republica (Brasil). (2000). LEI No 9.985, DE 18 DE JULHO DE 2000. Sistema
Nacional de Unidades de Conservacdo da Natureza e da outras providéncias.
Available at:  http://www.planalto.gov.br/ccivil_03/Leis/L9985.htm  (accessed:
12.02.2021).

Prist, P. R., Michalski, F. & Metzger, J. P. (2012). How deforestation pattern in the Amazon
influences vertebrate richness and community composition. Landscape ecology, 27 (6):
799-812. doi: 10.1007/s10980-012-9729-0.

Quispe, R., Protazio, J. M. B. & Gahr, M. (2017). Seasonal singing of a songbird living near
the equator correlates with minimal changes in day length. Scientific reports, 7 (1): 1-
6.

Ramos, R. M., Pezzuti, J. C. & Vieira, E. M. (2016). Age structure of the Vulnerable white-
lipped peccary Tayassu pecari in areas under different levels of hunting pressure in the
Amazon Forest. Oryx, 50 (1): 56-62.

Ridgely, R. S. & Tudor, G. (1989). The Birds of South America: Volume 1: the oscine
passerines, vol. 1: University of Texas Press.

Ridgely, R. S. & Tudor, G. (1994). The Birds of South America: Volume II: the suboscine
passerines: Oxford University Press.

Ridout, M. S. & Linkie, M. (2009). Estimating overlap of daily activity patterns from camera
trap data. Journal of Agricultural, Biological, and Environmental Statistics, 14 (3):
322-337.

Robbins, C. S. (1981). Effect of time of day on bird activity. Studies in avian biology, 6 (3):
275-286.

Rovero, F., Tobler, M. & Sanderson, J. (2010). Camera trapping for inventorying terrestrial
vertebrates. Manual on field recording techniques and protocols for All Taxa
Biodiversity Inventories and Monitoring. The Belgian National Focal Point to the
Global Taxonomy Initiative: 100-128.

Rovero, F., Zimmermann, F., Berzi, D. & Meek, P. (2013). " Which camera trap type and how
many do | need?" A review of camera features and study designs for a range of wildlife
research applications. Hystrix, 24 (2).

Rovero, F. & Ahumada, J. (2017). The Tropical Ecology, Assessment and Monitoring (TEAM)
Network: An early warning system for tropical rain forests. Science of the Total
Environment, 574: 914-923.

Rowcliffe, J. M., Kays, R., Kranstauber, B., Carbone, C. & Jansen, P. A. (2014). Quantifying
levels of animal activity using camera trap data. Methods in Ecology and Evolution, 5
(11): 1170-1179.

Rowcliffe, M. & Rowcliffe, M. M. (2019). Package ‘activity’: VVersion.

35


http://www.planalto.gov.br/ccivil_03/Leis/L9985.htm

RStudio Team. (2020). RStudio: Integrated Development Environment for R. RStudio. PBC,
Boston, MA. Available at: http://www.rstudio.com/.

Rylands, A. B. & Brandon, K. (2005). Brazilian protected areas. Conservation biology, 19 (3):
612-618.

Santos-Moreno, A., Pérez-Irineo, G. & Ventura-Cristobal, E. (2019). Diversity of understory
birds in a perennial tropical forest at Los Chimalapas, Mexico. The Wilson Journal of
Ornithology, 131 (3): 606-614.

Schmid, F. & Schmidt, A. (2006). Nonparametric estimation of the coefficient of
overlapping—theory and empirical application. Computational statistics & data
analysis, 50 (6): 1583-1596.

Schwartzman, S., Boas, A. V., Ono, K. Y., Fonseca, M. G., Doblas, J., Zimmerman, B.,
Junqueira, P., Jerozolimski, A., Salazar, M. & Junqueira, R. P. (2013). The natural and
social history of the indigenous lands and protected areas corridor of the Xingu River
basin. Philosophical Transactions of the Royal Society B: Biological Sciences, 368
(1619): 20120164.

Shanahan, M., So, S., Gompton, S. G. & Gorlett, R. (2001). Fig-cating by vertebrate frugivores:
a global review. Biological Reviews, 76 (4): 529-572.

Silva, J. O, Leal, C. R., Espirito-Santo, M. M. & Morais, H. C. (2017). Seasonal and diel
variations in the activity of canopy insect herbivores differ between deciduous and
evergreen plant species in a tropical dry forest. Journal of Insect Conservation, 21 (4):
667-676.

Silveira, L., Jacomo, A. T. & Diniz-Filho, J. A. F. (2003). Camera trap, line transect census
and track surveys: a comparative evaluation. Biological conservation, 114 (3): 351-355.

Silverman, B. W. (1986). Density estimation for statistics and data analysis, vol. 26: CRC
press.

Skutch, A. F. (1964). Life histories of Central American pigeons. The Wilson Bulletin, 76 (3):
211-247.

Sollmann, R. (2018). A gentle introduction to camera-trap data analysis. African journal of
ecology, 56 (4): 740-749.

Srbek-Araujo, A. C., Silveira, L. F. & Chiarello, A. G. (2012). The red-billed curassow (Crax
blumenbachii): social organization, and daily activity patterns. The Wilson Journal of
Ornithology, 124 (2): 321-327.

Steenweg, R., Hebblewhite, M., Kays, R., Ahumada, J., Fisher, J. T., Burton, C., Townsend, S.
E., Carbone, C., Rowcliffe, J. M. & Whittington, J. (2017). Scaling-up camera traps:
Monitoring the planet's biodiversity with networks of remote sensors. Frontiers in
Ecology and the Environment, 15 (1): 26-34.

Stevens, H. C., Metz, E. M., Saboya Del Castillo, P., Alvan, J. D. & Bowler, M. T. (2019). Use
of autonomous audio recordings for the rapid inventory of birds in the white-sand
forests of the Peruvian Amazon. Journal of Field Ornithology, 90 (1): 70-79.

Suwanrat, S., Ngoprasert, D., Sutherland, C., Suwanwaree, P. & Savini, T. (2015). Estimating
density of secretive terrestrial birds (Siamese Fireback) in pristine and degraded forest
using camera traps and distance sampling. Global Ecology and Conservation, 3: 596-
606.

Swann, D. E., Kawanishi, K. & Palmer, J. (2011). Evaluating types and features of camera
traps in ecological studies: a guide for researchers. In Camera traps in animal ecology,
pp. 27-43: Springer.

Taylor, C. C. (2008). Automatic bandwidth selection for circular density estimation.
Computational Statistics & Data Analysis, 52 (7): 3493-3500.

36


http://www.rstudio.com/

TEAM Network. (2011). Terrestrial Vertebrate Protocol Implementation Manual, v. 3.1.
Tropical Ecology, Assessment and Monitoring Network, Center for Applied
Biodiversity Science, Conservation International, Arlington, VA, USA.

Teixeira, F. D., Pacheco, A. A. & de Azevedo, F. C. C. (2014). New Record of the Rufous—
Vented Ground—Cuckoo (Neomorphus geoffroyi dulcis) in the Atlantic Forest, Brazil.
Revista Brasileira de Ornitologia, 22 (3): 278-280.

Terborgh, J., Robinson, S. K., Parker Ill, T. A., Munn, C. A. & Pierpont, N. (1990). Structure
and organization of an Amazonian forest bird community. Ecological Monographs, 60
(2): 213-238.

Terborgh, J. W., Fitzpatrick, J. W. & Emmons, L. (1984). Annotated checklist of bird and
mammal species of Cocha Cashu Biological Station, Manu National Park, Peru.
Fieldiana. Zoology. 1984.

Thau, D., Ahumada, J. A., Birch, T., Fegraus, E., Flores, N., Jetz, W., Kays, R., Kinnaird, M.,
Kulkarni, S. & Lyet, A. (2019). Artificial Intelligence's Role in Global Camera Trap
Data Management and Analytics via Wildlife Insights. Biodiversity Information
Science and Standards, 3: e38233.

Thieurmel, B. & Elmarhraoui, A. (2019). Package 'suncalc' - Compute Sun Position, Sunlight
Phases, Moon Position and Lunar Phase. Available at: https://cran.r-
project.org/web/packages/suncalc/suncalc.pdf (accessed: 20.01.2021).

Trolliet, F., Vermeulen, C., Huynen, M.-C. & Hambuckers, A. (2014). Use of camera traps for
wildlife studies: a review. Biotechnologie, Agronomie, Société et Environnement, 18
(3): 446-454.

Vazquez, C., Rowcliffe, J. M., Spoelstra, K. & Jansen, P. A. (2019). Comparing diel activity
patterns of wildlife across latitudes and seasons: Time transformations using day length.
Methods in Ecology and Evolution, 10 (12): 2057-2066.

Vizcaino, P. M. & Rueda, A. (2018). Nuevo registro altitudinal del Pavdn Nocturno Nothocrax
urumutum (Cracidae) y notas sobre su historia natural. Revista Ecuatoriana de
Ornitologia (3).

Wald, A. (1943). Tests of statistical hypotheses concerning several parameters when the
number of observations is large. Transactions of the American Mathematical society,
54 (3): 426-482.

Walther, B. A. (2002a). Grounded ground birds and surfing canopy birds: variation of foraging
stratum breadth observed in neotropical forest birds and tested with simulation models
using boundary constraints. The Auk, 119 (3): 658-675.

Walther, B. A. (2002b). Vertical stratification and use of vegetation and light habitats by
Neotropical forest birds. Journal fur Ornithologie, 143 (1): 64-81.

Werth, D. & Avissar, R. (2002). The local and global effects of Amazon deforestation. Journal
of Geophysical Research: Atmospheres, 107 (D20): LBA 55-1-LBA 55-8.

WIKIAVES. (n.d.). WIKIAVES - observacgao de aves e ciéncia cidada para todos. Available
at:
https://www.wikiaves.com.br/?fbclid=IwAR39D4gudcdEXVYXfEmMbuysfU7iB7dF
1Q20D4f0g00U1j59yY-iJkDTQqO# (accessed: 15.06.2020 - ).

Wilman, H., Belmaker, J., Simpson, J., de la Rosa, C., Rivadeneira, M. M. & Jetz, W. (2014).
EltonTraits 1.0: Species-level foraging attributes of the world's birds and mammals:
Ecological Archives E095-178. Ecology, 95 (7): 2027-2027.

37


https://cran.r-project.org/web/packages/suncalc/suncalc.pdf
https://cran.r-project.org/web/packages/suncalc/suncalc.pdf
https://www.wikiaves.com.br/?fbclid=IwAR39D4gudcdEXVyXfEmMbuysfU7iB7dFIQ20D4fOq0OU1j59yY-iJkDTQq0
https://www.wikiaves.com.br/?fbclid=IwAR39D4gudcdEXVyXfEmMbuysfU7iB7dFIQ20D4fOq0OU1j59yY-iJkDTQq0

Appendix 1: Map over sampling area in Terra do Meio Ecological Station

Figure Al: Map over Terra do
Meio Ecological Station (a)
represented by darker shaded
green, with survey site shown with
dark grey area. Black bordered
areas  represent  surrounding
protected areas. Camera trap
array (b; each black dot is a
camera trap site) placed in the
Novo river basin with one trap
placed per 2 km?,

Background raster downloaded
from Natural Earth (@)
(www.naturalearthdata.com;

Natural Earth, 2009-2021) and
MAPBIOMAS v.5.0 (b)

(mapbiomas.org; MapBiomas
Project, 2019)



http://www.naturalearthdata.com/
https://mapbiomas.org/

Appendix 2: Map over the sampling area in Juruena National Park

Figure A2: Map over Juruena
National Park (a) shaded in
blue, with survey site shown
with dark grey area. Black
bordered areas represent
surrounding protected areas.
Camera trap array (b; each
black dot is a camera trap site)
placed in the Juruena and S&o
de Jodo da Barra river basins
with one trap placed per 2 km?%

Background raster downloaded
from Natural Earth (a)
(www.naturalearthdata.com;

Natural Earth, 2009-2021) and
MAPBIOMAS v.5.0 (b)

(mapbiomas.org; MapBiomas
Project, 2019)



http://www.naturalearthdata.com/
https://mapbiomas.org/

Appendix 3: Map over the sampling area in Jamari National Forest

Figure A3: Map over Jamari National Forest shaded in red, with camera trap arrays (each black
dot is a camera trap site) placed with one trap per 2 km?.

Background raster downloaded from Natural Earth (www.naturalearthdata.com; Natural Earth,
2009-2021)


http://www.naturalearthdata.com/

Appendix 4: Species list

Table Al: List of the detected species including their taxonomy following the Brazilian Ornithological Records Committee (de Piacentini et al., 2015) and common names.
“Unknown” is used when the specific taxonomical level was not identified. The number of independent detections and photos (in parenthesis) per site (TDM: Terra do
Meio; PNJ: Juruena; JAM: Jamari), number of independent detections within each diel period (day, night, and twilight), and characterising traits are listed for each
species. The traits section is divided into body mass (Mass; in grams), size (s: small; </00g, m: medium; >100g & <600g, L: large; >600gq), foraging guild (Guild; diet:
Gr - Granivore (seed-eater), Fr - Frugivore (fruit-eater), In - Insectivore (insect-eater), Pr - Predator (predating on all vertebrates except for fish), Sc - Scavenger (feeding
on carcases), Om - Omnivore (when the other categories were not dominant, less than 50%, or 50%:50% plant and animal matter, and foraging stratum: Aquat. - Aquatic,
T - Terrestrial, TU - Terrestrial/Understory, U - Understory, A - Arboreal, TUA - Terrestrial/Understory/Arboreal (forest strata generalist)) and whether these are based
on species (Spp.) or genus (Gen.) average (EltonTraits; Wilman et al., 2014; Terborgh et al., 1990).

No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass(g) Size  Guild Based on
TINAMIFORMES
TINAMIDAE
Tinamus tao Gray Tinamou 102 (1024) 34 (339) 42 (270) 171 1 6 1600 L T Om Spp.
major Great Tinamou 201 (1989) 33 (326) 23 (135) 249 8 1026 L T Om Spp.
White-throated
guttatus Tinamou 10 (129) 13 26 (159) 37 - - 686 L T Fr Spp.
spp. - 27 (131) 19 (113) 10 (54) 53 1 2 916 L TOm Gen.
. Cinereous
Crypturellus cinereus Tinamou 36 (402) 11 (66) 9 (63) 51 4 1 507 M T Fr Spp.
Undulated
undulatus Tinamou 16 (99) 5 (33) 6 (31) 25 - 2 564 M TFr Spp.
. Variegated
variegatus Tinamou 98 (781) 5 (42) 17 (87) 115 - 5 378 M T Fr Spp.
soui Little Tinamou 8 (48) - 1(6) 9 - - 216 M T Om Spp.
. Brazilian
strigulosus Tinamou 102 (1340) 13 - 91 9 3 431 M T Om Spp./Gen.
obsoletus Brown Tinamou - 13 - 1 - - 443 M T Om Spp.
spp. - 26 (134) 3(27) 3 (18) 29 1 3 399 M T Om Gen.
unknown - 6 (18) 5(19) 12 (42) 20 - 3 - - - -




No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass (g) Size  Guild Based on
GALLIFORMES
CRACIDAE
Penelope pileata \évuh;':]e—crested 29 (544) - - 28 - 1250 L A Fr Spp./Gen.
superciliaris gﬂztg'marg'”ed 83 (1196) 2 (15) 6 (45) 84 2 895 L AFr Spp.
jacquacu \guh;;e'bro""ed ; 18(150)  20(167) | 38 ; 1488 AFr Spp.
spp. - 6 (24) - 1(3) 7 - 1283 A Fr Gen.
. - Red-throated
Pipile cujubi Piping-Guan - 1(6) - 1 - 1196 A Fr Spp./Gen.
Nothocrax urumutum ('\:'OC“‘”“"" - 1(129) 3 (36) 4 - 1700 L  TFr  Spp./Gen.
urassow
Mitu tuberosum Eazor'b'”ed 307 (7733)  236(8574) 208 (2886) | 740 5 2760 L TFr Spp.
urassow
. Bare-faced
Crax fasciolata Curassow 107 (2871) 18 (186) - 118 - 2600 L TFr Spp.
ODONTOPHORIDAE
Odontophorus gujanensis I\Q/IjgibIIEd Wood- 79 (974) - - 78 - 314 M T Om Spp.
stellatus gj;fd Wood- : : 3(12) 3 ; 336 M TOm  Spp/Gen.
PELECANIFORMES
ARDEIDAE
Pilherodius pileatus Capped Heron - - 1(9) 1 - 569 Aguat. Spp.
Tigrisoma lineatum Elél;gzcent Tiger- 2 (6) 6 (45) - 7 - 813 L Aquat. Spp.
THRESKIORNITHIDAE
Mesembrinibis  cayennensis Green lbis 9 (66) 1(6) - 9 - 756 L Aguat. Spp.




No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass(g) Size  Guild Based on
CATHARTIFORMES
CATHARTIDAE
Greater Yellow-
Cathartes melambrotus headed Vulture 2 (15) 1(24) - 3 - - 1373 L T Sc Spp.
ACCIPITRIFORMES
ACCIPITRIDAE
o Gray-lined
Buteo nitidus Hawk - 1(6) - 1 - - 519 M A Pr Spp.
Buteogallus urubitinga ﬁ;ﬁer Black - 1(9) 3 (54) 4 - - 1153 L APr Spp.
EURYPYGIFORMES
EURYPYGIDAE
Eurypyga helias Sunbittern 12 (123) - - 11 - 1 210 M Aguat. Spp.
GRUIFORMES
PSOPHIIDAE
. - Green-winged
Psophia viridis Trumpeter - 78 (1035) 127 (1172) | 199 - 6 1071 L TFr Spp.
dextralis Brown-winged | 95 mpg6y 43 (558) - 417 3 16 1138 L TFr Gen.
Trumpeter
RALLIDAE
. . Gray-necked
Aramides cajanea Wood-Rail 25 (342) 6 (39) - 31 - - 397 M Aguat. Spp.
COLUMBIFORMES
COLUMBIDAE
Geotrygon montana S‘gﬂﬂy Quail- 50 (409)  43(293) 104 (546) | 186 1 10 134 M  TGr Spp.
Leptotila rufaxilla Sray-fronted | 509 (1498) 98 (1251) . 306 - 1 157 M TGr  Spp.
verreauxi Lo 9 (45) 5 (54) : 14 - : 147 M TGr  Spp.
spp. . 49 (194) 15 (75) 2(9) 63 . 3 165 M T Gr Gen.
unknown - 297 (3379) - 3(12) 223 67 10 - - - -

VI



No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass (g) Size  Guild Based on
CUCULIFORMES
CUCULIDAE
. Scaled Ground-
Neomorphus squamiger Cuckoo 10 (60) - 10 - - 355 M TlIn Spp.
STRIGIFORMES
STRIGIDAE
- - Ferruginous
Glaucidium brasilianum Pygmy-Owl 1(3) - - 1 - 75 S TPr Spp.
Megascops spp. - - 1(3) 1 - - 134 M  TUAPr Gen.
CAPRIMULGIFORMES
CAPRIMULGIDAE
. A Common
Nyctidromus albicollis Paurague 7(27) 2 (6) 2 - 7 58 S TUAIn Spp.
unknown - 2 (10) - 1 - 1 - - - -
CORACIIFORMES
MOMOTIDAE
Momotus momota fﬂrgfnz]g?'a” 22 (101) 1(3) 19 1 3 115 M  TUAIn  Spp.
GALBULIFORMES
BUCCONIDAE
White-fronted
Monasa morphoeus Nunbird 62 (477) - 62 - - 88 S TUAIn Spp.
- Black-fronted
nigrifrons Nunbird 3(12) 1(6) 4 - - 81 TUA In Spp.
spp. - 1(1) - 1 - - 81 TUA In Gen.
PICIFORMES
PICIDAE
. T Red-necked
Campephilus rubricollis Woodpecker 3(18) - 3 - - 211 M Aln Spp.
Chestnut
Celeus elegans Woodpecker - 1(3) 1 - - 135 M Aln Spp./Gen.

Vil



No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass (g) Size  Guild Based on
FALCONIFORMES
FALCONIDAE
Micrastur mintoni E;YCF:::]C Forest- 1(3) - 1(3) 2 - - 210 M UPr Spp.
PASSERIFORMES
THAMNOPHILIDAE
Taraba major Great Antshrike 13) - - 1 - - 59 S TUAIn Spp.
. Black-faced
Myrmoborus myotherinus Antbird 8 (20) - 1(3) 8 - 1 19 S TU In Spp.
Dot-backed
Hylophylax punctulatus Antbird 13) - - 1 - - 12 S TUAIn Spp.
. . Black-spotted
Phlegopsis nigromaculata Bare-eye 1(9 - - 1 - - 45 S TlIn Spp.
. Wing-banded
Myrmornis torquata Antbird 2 (12) - - 1 - 1 47 S TIn Spp.
. Rufous-faced
Myrmelastes rufifacies Antbird 1(6) - - 1 - - 26 S TlIn Spp.
. Bare-eyed
Rhegmatorhina  gymnops Antbird 3 (36) - - 3 - - 29 S TIn Spp.
CONOPOPHAGIDAE
. Chestnut-belted
Conopophaga aurita Gnateater 1(3) - - 1 - - 26 S TlIn Spp.
GRALLARIIDAE
. . Variegated
Grallaria varia Antpitta 18 (118) - - 13 - 5 119 M TIn Spp.
. Thrush-like
Hylopezus berlepschi Antpitta 13 (52) 1(3) - 1 - - 47 S TIn Spp.
. Amazonian
Myrmothera campanisona Antpitta - - 13) 12 - 2 48 S TIn Spp.

Vil



No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass (g) Size  Guild Based on
FORMICARIIDAE
. . Black-faced
Formicarius analis Antthrush 40 (145) - - 40 - - 62 S TlIn Spp.
Rufous-capped
colma Antthrush 70 (396) 13) - 65 - 6 47 TlIn Spp.
spp. - 1(3) - - 1 - - 60 TlIn Gen.
Chamaeza nobilis Striated 136 (1265) . . 61 3 72 122 M Tin  Spp/Gen
Antthrush ' '
DENDROCOLAPTIDAE
. . Ridgway’s i ) ) )
Dendrocolaptes  ridgwayi Woodcreeper 13) 1 69 S Aln Spp.
unknown spp. - 1(2) - - 1 - - - -
FURNARIIDAE
. . Short-billed
Sclerurus rufigularis L eaftosser 1(9 - - 1 - - 22 S TlIn Spp.
TITYRIDAE
. . . Thrush-like
Schiffornis turdina Schiffornis 13 (93) 13 - 11 1 2 32 S U Om Spp.
TURDIDAE
. White-necked
Turdus fumigatus Thrush 5 (16) - - 5 - - 54 S TlIn Spp.
albicollis Cocoa Thrush 26 (95) - - 25 - 1 76 S TU Om Spp.
spp. - 12 (40) 13) - 7 - 5 76 S T Om Gen.
unknown - 1(2) - - 1 - - - - - -
PASSERELLIDAE
Arremon taciturnus gectoral 8 (34) - - 8 - - 25 S TUOmM  Spp./Gen.
parrow
PARULIDAE
. . Riverside
Myiothlypis mesoleuca warbler 2(9) - - 2 - - 14 S TIn Spp.




No. detections (No. photos) Diel period! Traits
Species Common Name TDM PNJ JAM Day Night Twilight | Mass(g) Size  Guild Based on
ICTERIDAE
Cacicus solitarius (S:ohj[ary Black - 1(9 - 1 - - 80 S Aln Spp.
acique
. Crested
Psarocolius decumanus Oropendola - - 13 1 - - 206 M A Om Spp.
THRAUPIDAE
Slate-colored
Saltator grossus Grosheak 1(3) - - 1 - - 44 S Aln Spp./Gen.
CARDINALIDAE
. N Rothschild’s
Cyanoloxia rothschildii Blue Grosheak 1(3) - - 1 - - 33 S TFr Spp.
Habia rubra Scarlet-throated | 4 ) : : 1 - : 3 S Al Gen
Ant-Tanager
FAMILY UNKNOWN
unknown - 8 (21) - - 6 - 2 - - - -
ORDER UNKNOWN
FAMILY UNKNOWN
unknown - 4 (11) - 3() 7 - - - - - -
Totals
Species: 66 53 33 20
No. detections: 4,134 2,793 703 638 3,824 100 210
No. photos: 53,646 34,237 13,471 5,838

! Diel period: day between sunrise (06:22) and sunset (18:26), night from the end of nautical dusk till the nautical dawn, and twilight from the start of nautical dawn till
sunrise and from sunset till end of nautical dusk.






U
= Norges milje- og biovitenskapelige universitet Postboks 5003
I— J Noregs miljg- og biovitskapelege universitet NO-1432 As
N Norwegian University of Life Sciences Norway




