El Hornero 38 (2) 25

HABITAT AND SPECIES SEGREGATION OF
STRIGIFORMES IN THE BRAZILIAN ATLANTIC
FOREST

HABITAT Y SEGREGACION DE ESPECIES DE STRIGIFORMES EN EL
BOSQUE ATLANTICO BRASILENO

Rafael Martos-Martins'* & Reginaldo José Donatelli?

1Sao Paulo State University (UNESP), Post-graduate Program in Zoology, Bioscience Institute, Botucatu, Sdo Paulo, Brazil
2530 Paulo State University (UNESP), Biological Sciences Department, School of Sciences, Bauru, Sdo Paulo, Brazil
*rafael.martos@yahoo.com.br

ABSTRACT: The order Strigiformes contains approximately 250 owl species distributed worldwide, and the
majority of them live in forests. Although basic information is available on many owls, few have been studied
in-depth; consequently, little is known about the role of vegetation in their lives. This study aimed to investigate
Strigiformes in a fragment of the Atlantic Forest using point count surveys conducted from January 2018 to De-
cember 2019. Twelve points were sampled for 30 min/month, totaling 144 h. Data on vegetation structure were
collected for analysis. The numbers of individuals and species were then estimated. Twenty-six individuals of
four species were recorded: 12 Strix virgata, 6 Pulsatrix koeniswaldiana, 5 Megascops atricapilla, and 3 Megascops
choliba. Strix virgata was associated with sites with typical mature forest characteristics, although it tolerated
variation in some parameters (e.g., average canopy height). Pulsatrix koeniswaldiana was a generalist in terms of
habitat characteristics, even when using edge areas. Megascops choliba was scarce within the sampled area and
seemed to avoid mature forest. Megascops atricapilla occurred from sites with a lower canopy to more mature
forest areas. Altogether, this study highlighted the importance of conserving forest fragments in the Atlantic
Forest, which harbors considerable biodiversity, especially of owls.
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RESUMEN: El Orden Strigiformes contiene aproximadamente 250 especies de buhos distribuidas en el mundo,
y la mayoria viven en bosques. Aunque se dispone de informacion basica sobre muchos bthos, pocos han sido
estudiados en profundidad; en consecuencia, se sabe poco sobre el papel que juega la vegetacion en sus vidas.
Este estudio tuvo como objetivo investigar las especies de Strigiformes en un fragmento de la Mata Atlantica.
Los recuentos de puntos se realizaron desde enero de 2018 hasta diciembre de 2019; se muestrearon doce
puntos durante 30 min/mes, totalizando 144 h. Se recopilaron datos sobre la estructura de la vegetacion para
su andlisis. Luego se estimd el nimero y las especies presentes. Se registraron 26 individuos de 4 especies: 12
Strix virgata, 6 Pulsatrix koeniswaldiana, 5 Megascops atricapilla'y 3 Megascops choliba. Strix virgata se asocié a sitios
de caracteristicas tipicas de bosques maduros, aunque tuvo tolerancia en la variacién de algunos parametros
(p. €j., altura media del dosel). Pulsatrix koeniswaldiana fue generalista en las caracteristicas del habitat, inclu-
so cuando utilizé areas de borde. Megascops choliba fue escaso dentro del drea de muestreo y parecio evitar el
bosque maduro. Megascops atricapilla se asocié desde sitios con un dosel méas bajo hasta dreas de bosques mas
maduros. En conjunto, este estudio destaco la importancia de conservar fragmentos de bosque en el Bosque
Atlantico, que alberga una biodiversidad considerable, especialmente de buhos.

PALABRAS CLAVE: aves, conservacion de la biodiversidad, segregacion de especies, selva tropical atlantica brasileiia
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The Order Strigiformes is comprised of approxi-
mately 250 species distributed worldwide (Kénig and
Weick 2008, Gill et al. 2022). Approximately 95% of
Strigiformes live in forests (K6nig and Weick 2008).
In addition, approximately 80% of the world’s Stri-
giformes can be found in the tropics (Marks et al.
1999); Brazil is home to 26 owl species (Pacheco et al.
2021). Strigiformes are bioindicators of environmen-
tal quality, and their conservation, along with forest
fragments, is necessary to maintain the biodiversity
of tropical forests (Terborgh 1992, Motta-Junior et al.
2004). Although knowledge about Neotropical owls
has advanced in recent decades (Esclarski et al. 2011,
Fink et al. 2012, Menq and Anjos 2015, Enriquez
2017, Claudino et al. 2018), studies that analyze the
owl community, especially in forest environments,
are still important.

The Atlantic Forest, in Brazil, is a global hotspot
and one of the most threatened areas on the planet
(Fundacdo SOS Mata Atlantica 2022). The original co-
ver was of 1 309 736 km?, today only 12.4% of its area
remain in many fragments (most of them < 50 hec-
tares) (Fundacdo SOS Mata Atlantica 2022). Among
the 1971 bird species native to Brazil (Pacheco et al.
2021), approximately 992 are found in the Atlantic
Forest (Pinto et al. 2012, Fundacao SOS Mata Atlantica
2022). The majority of Strigiformes species occur in
this biome, with a few species exclusive to the Ama-
zon region and others associated with non-forest
environments (Sick 1997). However, little is known
about which vegetation components influence the oc-
currence of Strigiformes in this forest (Amaral 2007,
Motta-Junior and Braga 2012).

The aim of this study was to survey the Strigifor-
mes inhabiting a fragment of seasonal semi-deci-
duous forest (the Atlantic Forest in the interior of the
State of Sao Paulo) and to describe the characteristics
of the vegetation structure associated with each spe-
cies and report, if it occurs, a possible segregation
between the sampled species.

METHODS

Study area

This study was conducted in the State of Sao Pau-
lo, Brazil, at the Caetetus Ecological Station (EECa)
(22°20’S and 22°30’S, 49°40’W and 49°45’W), which
has an area of 2179 ha (Tabanez et al. 2005) (Fig. 1A
and B). Forest formation at the EECa is characterized
as seasonal semi-deciduous (IBGE 1988). The climate
of the region is mesothermic with dry winters, the dry
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season extends from April to September, and the rainy
season from October to March (Tabanez et al. 2005).
Around the station there are plantations of different
crops (e.g., coffee, soy, sorghum and eucalyptus),
which alternate during the year.

Survey of Strigiformes

Strigiformes were monthly sampled between
January 2018 and December 2019 using point count
methodology associated with the playback technique
(Fuller and Mosher 1987, Mosher et al. 1990, Bibby et
al. 1992, Andersen 2008). Twelve points, each 800 m
apart, were selected (Fig. 1C). The points were demar-
cated on pre-existing trails: 9 points on the 8 km-long
Jeep trail, 2 on the 2 km-long Lake trail, and 1 on the
access trail to the Jeep and Lake trails. Each point was
sampled in randomly order for 30 min each month.
Monthly samplings were made, whenever possible, on
two consecutive nights with a crescent or full moon,
always starting after sunset and lasting 3 h, with six
points sampled each night, totaling 144 h in the two
years of sampling (6h / point / year).

Vocalizations (typical call and song obtained
from sound data-base WikiAves 2022) of owl species
that can occur at the site were emitted, using a 5W
portable speaker, at each sampling point to maxi-
mize detection. The list of species that can occur in
the study area was based on distribution maps (Sick

Figure 1. A) Map of South America, highlighting Brazil and the State
of Sao Paulo; B) Location of the Caetetus Ecological Station in the State
of Sao Paulo, Brazil; and C) Map of Caetetus Ecological Station and the
distribution of selected sampling points.
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1997, Konig and Weick 2008) and records from citi-
zen science data (WikiAves 2022). To avoid inhibiting
the smaller species, vocalizations were emitted in
the order of species with the lowest body mass to the
highest (Mosher et al. 1990). The order of emission
of the vocalizations includes Glaucidium brasilianum,
Aegolius harrisii, Megascops choliba, Megascops atricapilla,
Strix virgata, Strix hylophila, Strix huhula, Asio stygius,
Asio clamator, Pulsatrix koeniswaldiana, Pulsatrix perspi-
cillata, and Bubo virginianus.

After each playback (1 minute), we waited for 1.5
minutes for each owl species, thus respecting a pro-
bable period of lethargy (Mosher et al. 1990), after, we
emitted the next owl species playback. For the record
of species occurrence, at each point, spontaneous and
in response to playback (response to the species’ own
vocalization or of other species) auditory contacts and
visual contacts were considered.

Evaluation of habitat vegetation structure

During 2019, the 12 sampling points were evalua-
ted to describe habitat use. At each point, two 10 x 10
m plots (Durigan 2003) were demarcated, one on each
side of the trail, totaling 200 m? area at each sampling
point for analysis.

The Amaral (2007) and Menq and Anjos (2015)
same parameters were utilized to analyze vegetation
structure components: 1) average canopy height
(ACH) - in meters — using Ribeiro (2011) formula; 2)
number of trees with cavities (CAV); 3) fallen trees
(FT); 4) presence of clearing (CLE); 5) presence of
climbing plants (CLI); 6) presence of shrubs (SHR);
and 7) presence of leaf litter (LIT). The last four va-
riables were visually classified as absent, present in
up to 10%, or present in more than 10% of the area.
Individual trees were classified by perimeter at chest
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height (PER): 50-90 cm (PER1), 91-150 cm (PER2),
151-210 cm (PER3), and > 210 cm (PER4). Finally, to
reduce bias the same researchers (Martos-Martins)
obtained all parameters.

Analyses of owl surveys

We listed the species at each point and overall. As
Strigiformes are territorial, we considered that the
contacts made at the same point during the sampling
period were with the same individuals (Bibby et al.
1992, Marks et al. 1999). Therefore, we only identified
more than one owl per sampling point when two or
more individuals were recorded simultaneously. The
species accumulation curve was created using the
non-parametric Jackknife 1 richness estimator to
assess whether the sampling effort was satisfactory,
using the EstimateS (Colwell 2009) and R Core Team
(2019) programs with the ‘vegan’ package (Oksanen et
al. 2011).

The frequency of occurrence (FO) [(n / N) * 100,
where n = the number of months where the species was
recorded and N = Total months of sampling (24)] of each
species was analyzed using data from the point count.
The index calculation followed Vielliard and Silva
(1990). Species with a FO of 0.1-24.9% were classified
asrare (R), 25-49.9% as uncommon (UN), 50-74.9% as
common (C), and 75-100% as very common (VC).

Analysis of vegetation structure and distribution
patterns of Strigiformes

Canonical Correspondence Analysis (Ter Braak
1986) (CCA) using the “vegan” package of R program
(Oksanen et al. 2011) was performed to determine
whether the selected vegetation structure variables
influenced the occurrence of Strigiformes. Vegetation

Table 1. Strigiformes of Caetetus Ecological Station: popular names, number of contacts, F.0% - frequency of occurrence; Status: R - rare, UN -
uncommon, C - common, and VC - very common, and Location: sampling points where the species was recorded.

Species Popular name Contacts FO% Status Location
Strigiformes

Strigidae

Megascops choliba Tropical Screech Owl 6 20.83% 7,11,12
Megascops atricapilla Black-capped Screech Owl 8 16.67% R 1,2,3,5,6
Pulsatrix koeniswaldiana Tawny-browed Owl 33 66.67% C i14 56,7,
Strix virgata Mottled Owl 57 95.83%  VC 1, 2,378,

9,10,12
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structure components and presence or absence of
Strigiformes species data, at each point, were used for
this analysis.

Composition of species and potential segregation

After finishing owl sampling, the data was analyzed
to verify possible segregation in the distribution of
species at the sampling points. For this analysis we
consider that some species, due to their size, exercise
dominance in this competition, when two or more oc-
cur in the same sampling point (territory). We define
the dominant species territory as where a larger spe-
cies (P, koeniswaldiana or S. virgata) was recorded alone
or associated with another smaller species (Megascops).

RESULTS

Owl surveys

Four Strigiformes species were recorded during
24 months of sampling. A total of 104 contacts were
made (Table 1), of which 57 were with Strix virgata
(54.81%), 33 (31.73%) with Pulsatrix koeniswaldiana,
8 (7.7%) with Megascops atricapilla, and 6 (5.76%) with
Megascops choliba.

A total of 26 individuals of 4 species, including Strix
virgata (n=12), Pulsatrix koeniswaldiana (n=6), Megascops
atricapilla (n=5), and Megascops choliba (n=3) were re-
gistered in the sample area. The species accumulation
curve and Jackknife 1 richness estimator indicated that
the sampling effort was sufficient to capture the spe-
cies that occurred in the study area. The curve peaked
in the 17th sampling and then stabilized (Fig. 2).

Analysis of vegetation structure and owl occurrence

CCA results show that the 18 environmental varia-
bles selected explain 92% variation in species com-
position at the sampling points (Fig. 3). The environ-
mental variables most associated with owl presence
were the measures of ACH (15.14,19.04,19.46,19.54,
20.04,20.74,22.88, 23.88, and 24.58 m), CAV, FT, CLE
(absent and up to 10%), CLI (absent and up to 10%),
SHR (up to 10%), PER1 and PER2.

The analysis suggests that Megascops choliba asso-
ciates with sites with an ACH between 19.04 and 20.04
m, CLI absent or covering up to 10% of the area, CLE
absent or covering up to 10% of the area, and at least
one FT. Megascops atricapilla associates with sites with
an ACH between 15.14 and 24.58 m, SHR in up to 10%
of the area, and sites with trees with a PER1. Strix vir-
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gata associates with sites with an ACH between 15.14
and 23.88 m, CAY, trees with a PER2, and CLI absent
or in up to 10% of the area. Pulsatrix koeniswaldiana
associates with sites with an ACH between 19.04 and
22.88 m, trees with PER1, CLE absent or up to 10% of
the area, and FT.

Composition of species and potential segregation

Of the 12 sampling points, the dominant species
Strix virgata and Pulsatrix koeniswaldiana were recor-
ded, occurring at the same point, at only two (in point
3 and 7, only on one occasion in each), never toge-
ther. These records were likely of individuals moving
through the territory of the other species.

Figure 2. Species accumulation curve, randomized 1000 times and
the non-parametric Jackknife 1 estimator of the Strigiformes species
sampled in the Caetetus Ecological Station.

Figure 3. Canonical Correspondence Analysis (CCA) results showing
the relationship between the recorded owl species and vegetation
parameters in the Caetetus Ecological Station. Owls: M_choliba —
Megascops choliba; M_atricapilla — Megascops atricapilla; P_koeniswaldia-
na — Pulsatrix koeniswaldiana, and S_virgata — Strix virgata. Vegetation
variables: ACH - average canopy height; CAV - trees with cavity; FT

- fallen trees; CLE - presence of clearing; CLI - presence of climbing
plants; SHR- presence of shrubs and PER - perimeter at chest height
of trees. The CCA1 axis represents 44.74% of this variation, while the
CCA2 axis represents 42.56%.
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Megascops species occurred at lower densities and
were found in the dominant species territory. Despite
the risk of being preyed upon by larger owls, compe-
tition between them may have been reduced, becau-
se Megascops owls occupy a mid-height and closer to
ground forest part, while larger species tended to be
close to the canopy. Megascops species were not found
at the same sampling point.

DISCUSSION

Owl survey

The species registered might appear low conside-
ring EECa is one of the largest forest remnants in the
interior of the State of Sdo Paulo. However, according
to Gutiérrez et al. (2007) in a literature review, most
owl assemblages contain 3 to 4 species. However, in
neotropical forests, such as EECa, assemblages of 5
and 6 owl species can be found (Gutiérrez et al. 2007).
In our study, the lower number of species may be re-
lated to the non-sampling of bordering and adjacent
areas, this is because in bordering areas species that
inhabit open, transitional and other phytophysiogno-
mies areas can be recorded.

Among the recorded species, M. atricapilla, S. vir-
gata, and P, koeniswaldiana are forest species and have
some degree of sensitivity to human disturbances
(Stotz et al. 1996, Sick 1997), while M. choliba are ha-
bitat generalist (Sick 1997). Studies on Strigiformes
in South America, especially in Brazil, are scarce
(but see, Borges et al. 2004, Amaral 2007, Zorzin et
al. 2008, Esclarski et al. 2011, Fink et al. 2012, Menq
and Delariva 2015, Menq and Anjos 2015, Claudino et
al. 2018). Results of these studies are similar to ours
in relation to owls that occur in inner forest areas.
However, these studies were sampled in bordering
and adjacent areas, which maximizes the chance of
registering species that use other types of habitats,
making these studies incomparable to ours.

Analysis of vegetation structure and owl occurrence

The results of our CCA showed that vegetation
structure is an influential factor for owl occurrence.
Thus, the vegetation structure is assumed to be a
good indicator of where Strigiformes species use the
resources present in their habitat (Block and Brennan
1993). Several components of vegetation structure
have been shown to influence the occurrence of Stri-
giformes; for example, the study by Menq and Anjos
(2015), shows similar results with this study, where
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owl species are associated with mature vegetation
(high level of development) sites. These sites have
structures that provide the owls with shelter and nes-
ting sites such as cavities (Menq and Anjos 2015), and
possibly a greater prey abundance. Smaller species
such as Megascops have greater plasticity in terms of
habitat, and M. choliba is associated with gaps or edge
areas (Meng and Anjos 2015).

We found that S. virgata is associated with sites with
characteristics of mature forests, although the results
indicate a tolerance regarding the ACH and PER. Strix
virgata inhabits forest interiors, is abundant in Neotro-
pical forests and is tolerant of deforestation (Gerhardt
et al. 1994, Konig and Weick 2008, Zorzin et al. 2008).
This species requires natural cavities for reproduction
(Gerhardt 2004). It is important to note that a nestling
owl was recorded at point 9 in January 2018. Although
the nest was not located, this finding confirms that the
species reproduces at this site. The specie has a home
range with a radius of approximately 260 m (Gerhar-
dt et al. 1994), allows us to infer, as well as for each
recorded species, that the records at different points,
separated by 800 m, are different individuals.

Pulsatrix koeniswaldiana is a typical forest species
that can also occur in degraded and marginal forests
(Konig and Weick 2008, Zorzin et al. 2008), and, in this
study, is generalist in terms of the characteristics of
the habitat, tolerating immature forest (intermediate
level of development) areas and even using edge areas
(personal observation, outside the sampling period).

The analysis showed that M. choliba individuals
were scarce within the EECa, as there were few con-
tacts with the species. Megascops choliba seemed to
avoid areas with a higher canopy, characteristic of
mature forests, being distributed at points closer to
the edges or at sites where the trail is wide. These
results are consistent with those of Claudino et al.
(2018), who found that M. choliba used more edges and
cleared habitats.

Unlike M. choliba, M. atricapilla preferred the inte-
rior of the EECa, having a generalist pattern and occu-
rring in areas with a lower canopy or mature forests
with a higher canopy, which reflected the amplitude
of the measurements of the trees at the site. Similar
result to the one found by de Menq and Anjos (2015).

Composition of species and segregation

In this study, the potential occurrence of segrega-
tion between the recorded species was observed. Strix
virgata and P, koeniswaldiana were the dominant spe-
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cies and our results indicate that they seem to avoid
occupying the same site. Megascops owls were not
recorded at the same sampling point, with M. choliba
being recorded at points closer to the edge or where
the trail was wide, and M. atricapilla was recorded at
points with dense vegetation. A possible explanation
provided by Borges et al. (2004) is that habitat segre-
gation may be associated with aggression and/or di-
fferential use of resources among congeneric species.

This study shows that vegetation structure is asso-
ciated with the occurrence of owl species in a seasonal
semideciduous forest fragments. It also identifies the
vegetation characteristics that help to detect a possible
site within a forest fragment where the reported spe-
cies are more likely to occur. Thus, this study highlights
the importance of conserving fragments in the interior
of the State of Sdo Paulo, which harbors a considerable
general biodiversity, especially of the owls.

ACKNOWLEDGMENTS

We thank the Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) for the scholars-
hip (process number 88882.180519/2018-1) granted.

LITERATURE CITED

AMARAL KF (2007) Composicao e abunddncia de corujas
em Floresta Atldntica e sua relacdo com varidveis de
habitat. Dissertacdo de Mestrado, Universidade
Federal do Rio Grande do Sul, Porto Alegre

ANDERSEN DE (2008) Survey Techniques. Pp. 89-100
in: BIRD DM AND BILDSTEIN KL (eds) Raptor re-
search and management techniques. Hancock House
Publishers. Blaine, WA U.S.A

BIBBY CJ, BURGESS ND AND HILL DA (1992) Bird
census techniques. BTO & RSPB. University Press,
Cambridge, UK

BLOCK WM AND BRENNAN LA (1993) The habitat
concept in ornithology: Theory and applications.
Pp. 35-91 in: POWER DM (ed) Current ornithology
vol. 11. Springer, US

BORGES SH, HENRIQUES LM AND CARVAL-
HAES A (2004) Density and habitat use by
owls in two Amazonian forest types. Journal
of Field Ornithology 75:176-182. https://doi.
org/10.1648/0273-8570-75.2.176

CLAUDINO RM, MOTTA JUNIOR JC AND ANTONINI Y
(2018) Owl assemblages in fragments of atlantic
forest in Brazil. Ornitologia Neotropical 29:281-288

COLWELL RK (2009) EstimateS Software: Statistical esti-
mation of species richness and shared species from sam-
ples. Version 8 (URL: http://purl.oclc.org/estimates)

2023

DURIGAN G (2003) Métodos para andlise de vegetagdo
arborea. Pp. 455-479 in: CULLEN-JR L, RUDRAN
R, VALLADARES-PADUA C (eds) Métodos de estu-
dos em biologia da conservacdo e manejo da vida
silvestre. Curitiba: Ed. Da UFPR; Fundacao O Boti-
cario de protecao a natureza

ENRIQUEZ PL (2017) Neotropical Owls: Diversity and Con-
servation. Springer International Publishing

ESCLARSKI P, YOSHIMOTO M, ZANON CMV AND LU-
CIO LC (2011) Riqueza e abundancia de Strigifor-
mes em dois fragmentos florestais de Fénix, PR,
BR. Anais do VII EPCC. Encontro Internacional de
Producao Cientifica CESUMAR. Maringa, PR

FINK D, BRANDT CS, RUPP AE AND ZIMMERMANN
CE (2012) Comunidade de corujas (Aves: Stri-
giformes) na RPPN Bugerkopf, Blumenau,
Santa Catarina. Biotemas 25:75-80. https://doi.
org/10.5007/2175-7925.2012v25n2p75

FULLER MR AND MOSHER JA (1987) Raptor survey
techniques. Pp. 37-66 in: PENDELTON BAF, MILL-
SAP BA, CLINE KW AND BIRD DM (eds) Raptor ma-
nagement techniques manual. National Wildlife
Federation, Washington D.C

FUNDACAO SOS MATA ATLANTICA (2022) Atlantic
Forest - English briefing (URL: https:/www.sosma.
org.br/sobre/relatorios-e-balancos/)

GERHARDT RP (2004) Cavity nesting in raptors of Ti-
kal National Park and vicinity, Petén, Guatemala.
Ornitologia Neotropical 15:477-483

GERHARDT RP, GONZALEZ NB, GERHARDT DM AND
FLATTEN CJ (1994) Breeding biology and home
range of two Ciccaba owls. The Wilson Bulletin
106:629-639

GILL F, DONSKER D AND RASMUSSEN P (2022)
I0C World Bird List (v. 12.1) (URL: https://doi.
org/10.14344/I0C.ML.12.1)

GUTIERREZ RJ,CODYM, COURTNEY SAND FRANKLIN
AB (2007) The invasion of barred owls and its po-
tential effect on the spotted owl: a conservation
conundrum. Biological Invasions 9:181-196. https://
doi.org/10.1007/s10530-006-9025-5

IBGE-INSTITUTO BRASILEIRO DE GEOGRAFIA E ES-
TATISTICA (1988) Mapa de vegetacdo do Brasil.
Escala 1:50.000. Brasilia, DF

KONIG C AND WEICK F (2008) Owls of the world - 2nd
edition. Yale University Press, New Haven and
London

MARKS JS, CANNINGS RJ AND MIKKOLA H (1999)
Family Strigidae (typical owls). Pp. 76-242 in: DEL
HOYO J, ELLIOT A AND SARGANTAL J (eds) The
Handbook of the birds of the world, vol 5: Barn
owls to Hummingbirds. Lynx Edicions, Barcelona,
Spain

MENQ W AND ANJOS L (2015) Habitat selection by
owls in a seasonal semi-deciduous forest in sou-
thern Brazil. Brazilian Journal of Biology 75:143-
149. https://doi.org/10.1590/1519-6984.07614



El Hornero 38 (2)

MENQ W AND DELARIVA RL (2015) Aves de rapina
(Cathartiformes, Accipitriformes, Strigiformes e
Falconiformes) na Reserva Bioldgica das Perobas,
Parand, Brasil, e seu entorno. Biotemas 28:145-
154. https://doi.org/10.5007/2175-7925.2015v28
n4pl4as

MOSHER JA, FULLER MR AND KOPENY M (1990) Sur-
veying Woodland Raptors by Broadcast of Cons-
pecific Vocalizations. Journal of Field Ornithology
64:453-461

MOTTA-JUNIOR JC AND BRAGA AR (2012) Estado del
conocimiento sobre la ecologia y biologia de bu-
hos en Brasil. Ornitologia Neotropical 23:227-234

MOTTA-JUNIOR JC, BUENO ADA AND BRAGA ACR
(2004) Corujas brasileiras. Departamento de Eco-
logia, Instituto de Biociéncias da Universidade de
Sao Paulo

OKSANEN J, BLANCHET FG, KINDT R, LEGENDRE P,
O’HARA RB, SIMPSON GL, SOLYMOS P, STEVENS
MHH AND WAGNER H (2011) R package ver-
sion 1.17-7. Vienna: R Foundation for Statistical
Computing

PACHECO JF, SILVEIRA LF, ALEIXO A, AGNE CE,
BENCKE GA, BRAVO GA, BRITO GRR, COHN-HAFT
M, MAURICIO GN, NAKA LN, OLMOS F, POSSO S,
LEES AC, FIGUEIREDO LFA, CARRANO E, GUE-
DES RC, CESARI E, FRANZ I, SCHUNCK F AND
PIACENTINI VQ (2021) Annotated checklist of
the birds of Brazil by the Brazilian Ornithological
Records Committee — second edition. Ornitholo-
gy Research 29:94-105. https://doi.org/10.1007/
$43388-021-00058-x

PINTO LP, BEDE LC, FONSECA MT, LAMAS IR, MES-
QUITA CAB, PAGLIA AP, PINHEIRO TC AND SA MB
(2012) Mata Atlantica. In: SCARANO FR, SANTOS
IL, MARTINS ACI, SILVA JMC, GUIMARAES AL, MI-
TTERMEIER RA (eds) Biomas brasileiros: retratos
de um pais plural. Rio de Janeiro: Casa da Palavra

R CORE TEAM (2019) R: A language and environment
for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria (URL: https://
www.R-project.org/)

MARTOS-MARTINS & DONATELLI 31

RIBEIRO EAW (2011) Cadernos de Biogeografia — Téc-
nicas de mensuracdo em espécies arboreas. Edi-
tora Azimute. Presidente Prudente — SP

SICK H (1997) Ornitologia Brasileira. Rio de Janeiro.
Editora Nova Fronteira

STOTZ DF, FITZPATRICK JW, PARKER III TA AND
MOSKOVITS DK (1996) Neotropical birds: ecology
and conservation. Chicago: University of Chicago
Press

TABANEZ MF, DURIGAN G, KEUROGHLIAN A, BARBO-
SA AF, FREITAS CA, SILVA CEF, SILVA DA, EATON
DP, BRISOLLA G, FARIA HH, MATTOS IFA, LOBO
MT, BARBOSA MR, ROSSI M, SOUZA MG, MACHA-
DO RB, PFEIFER RM, RAMOS VS, ANDRADE WJ
AND CONTIERI WA (2005). Plano de Manejo da
Estacdo Ecologica dos Caetetus. IF Série Regional
29:1-104

TER BRAAK CJF (1986) Canonical correspondence
analysis: a new eigenvector technique for multi-
variate direct analysis. Ecology 67(5):1167-1179.
http://dx.doi.org/10.2307/1938672

TERBORGH J (1992) Maintenance of diversity in tro-
pical forests. Biotropica 24:283-292. https://doi.
org/10.2307/2388523

VIELLIARD JEM AND SILVA WR (1990) Nova metodo-
logia de levantamento quantitativo de avifauna e
primeiros resultados no interior do Estado de Sao
Paulo, Brasil. Pp. 117-151 in: Mendes S (ed) Anais
do IV Encontro Nacional de Anilhadores de Aves.
Recife: Editora da Universidade Federal Rural de
Pernambuco

WIKIAVES (2022) Wiki Aves - A Enciclopédia das Aves
do Brasil. Available in: <https:/www.wikiaves.
com.br/>

ZORZIN G, CANUTO M, CARVALHO-FILHO EM AND
CARVALHO CEA (2008) Aves de rapina noturnas
do Parque Estadual do Rio Doce, Minas Gerais,
Brasil. MG Biota 1:44-57



	_Hlk150278311
	_Hlk147167521
	_Hlk149086869
	_Hlk149086715
	_Hlk149086650
	_Hlk148003890
	_Hlk144548037
	_Hlk151055275
	_Hlk151223415
	_Hlk152836188
	OLE_LINK1
	_Hlk103193278
	_Hlk103193589
	_Hlk134972613
	_Hlk140601390
	_Hlk140601459
	_Hlk105186146
	_Hlk144112507
	_Hlk152237812
	_Hlk153207529
	_Hlk153207555
	_Hlk153207684

