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Abstract: The availability of suitable cavities and substrate for hole construction can limit the populations of birds
that rely on tree hollows to reproduce. Several studies have focused on the effects of types of habitats, and types of
human disturbances on cavities abundance, but the effect of successional stages in the Atlantic Forest has been poorly
addressed. In this study we aimed to compare the availability and biometric characteristics of tree cavities between
primary and mid-successional stage sites in an Atlantic Forest area from southeastern Brazil. Based on nest characteristics
described in the literature, we inferred if hollows present in secondary sites could harbor the large secondary-nester
Atlantic Forest birds, with special attention to toucans and hawks. From September 2016 to April 2017, 96 cavities
were sampled, 67 in the primary, and 29 in the secondary plots. Our data revealed that the communities of cavity-nester
birds in mid-successional stage areas may be more affected by the reduced cavity availability than by cavities quality,
as the number of cavities in these sites was less than half than that found in mature forests. We also provide evidences
that the largest cavity nesters, such as the biggest hawks, might have limited nesting possibilities in mid-successional
stage areas especially due to small cavity entrances, which may have important reflects in conservation strategies.
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Efeito do estagio sucessional na disponibilidade de cavidades para aves que nidificam em
ocos de arvores em um parque da Mata Atlintica do Estado de Sao Paulo, Brasil

Resumo: A disponibilidade de cavidades adequadas e o substrato para a escavagao de ocos podem limitar as populagdes
de aves que dependem das cavidades de arvores para se reproduzir. Varios estudos se concentraram nos efeitos dos
tipos de habitats e em tipos de distirbios antropicos sobre a disponibilidade de cavidades, mas o efeito da sucessdo
ecologica na Mata Atlantica ¢ muito pouco investigado. Neste estudo, buscamos comparar a disponibilidade e algumas
caracteristicas biométricas das cavidades de arvores entre areas em estagio primario e secundario-médio na Mata Atlantica
do sudeste do Brasil. Baseado nas caracteristicas dos ninhos das espécies que ocorrem na area de estudo, também
deduzimos se as cavidades que estdo presentes em areas secundarias poderiam abrigar as maiores aves que nidificam
em cavidades, mas que sdo incapazes de escava-las, com atencdo especial aos tucanos e falcdes. De setembro de 2016 a
abril de 2017, 96 cavidades foram amostradas, 67 em areas primarias e 29 em parcelas em locais de floresta secundaria.
Nossos dados revelaram que a comunidade de aves dependentes de ocos para nidificacdo em areas em estagio médio
de sucessdo podem ser mais afetadas pela baixa disponibilidade de cavidades do que pela qualidade das cavidades,
j& que o numero de cavidades nesses locais foi menos da metade do que o encontrado em florestas maduras. Também
evidenciou-se que os nidificadores de cavidades de maior porte, como os grandes falcdes, podem ter possibilidades de
nidificag@o limitadas nas areas de estagio médio de sucessdo, especialmente devido ao tamanho reduzido das entradas
de cavidades, o que pode ter importantes reflexos em estratégias de conservagao.

Palavras-chave: conservagdo de avifauna, ecologia reprodutiva, nidificadores de cavidades
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Introduction

Bird species that use tree cavities for nesting can be classified as 1)
excavators, or primary cavity nesters, and ii) non-excavators, or secondary
cavity nesters. Excavators build their own cavities usually in dead trees
or branches and are represented mainly by the woodpeckers, whereas
the non-excavators depend on pre-existing cavities such as natural holes
present in live or decaying trees, or those created by the excavators (e.g.
toucans, woodcreepers, and parrots) (Martin & Eadie 1999, Jackson
& Jackson 2004). As predation is often the main cause of nest failures
(Li & Martin 1991, Wesolowski 2002, Miller 2002, Cockle & Bodrati
2009, Wiebe & Swift 2001), suitable cavities for birds reproduction are
expected to present: a small entrance capable to avoid the passage of
predators that are bigger than the nesting bird; depth enough to avoid
predators to reach nest contents, and hard walls to impede nest access
by predators through wood destruction (Wesolowski 2002).Therefore,
the availability of adequate natural cavities and of substrate for holes
construction can limit the populations of birds that rely on tree hollows
to reproduce (Lohmus & Remm 2004, Cockle et al. 2008, 2010).

Many types of anthropogenic activities are known to impact the density
and quality of tree cavities, and the resulting decline of cavity-nesting
species has been reported for bird communities all over the world (for a
review, see Cornelius et al. 2008). For instance, the selective logging of
the largest trees in areas of mature forest has often been accompanied by
the depletion of the largest birds that depend on big cavities to reproduce
(Bai et al. 2003, Politi et al. 2010, Cockle et al. 2011a). A similar effect
occurs in secondary forests, where the density of large cavities tends to
decrease due to the smaller diameter of the trees (Willis & Oniki 2001,
Cornelius et al. 2008, Cockle et al. 2011a). Further, timber management
practices based on the exploitation of decaying trees have caused disastrous
declines in cavity-nesting birds in Europe and North America (Dobkin et al.
1995, Aitken et al. 2002, Franco et al. 2005). These are evidences that forest
type, successional stage, and degree of human disturbance are key elements
for cavity nests availability and for the persistence of cavity-nesting birds
(Cornelius et al. 2008).

The Atlantic Forest is one of the most threatened biomes and one
of the five main hotspots on earth (Myers et al. 2000). Besides, it is the
second richest area in bird species in the world (Remsen et al. 2015,
Piacentini et al. 2015). The biome’s original area covered more than one
million square kilometers (SOS Mata Atlantica and INPE 2016), but only
about 11.7% is left, and 42% of the remaining area consists of fragments
smaller than 250 ha that suffer varying degrees of disturbance and threats
(Ribeiro et al. 2009). In this scenario, cavity nesting species may be
particularly vulnerable, and understanding the factors that influence the
persistence of these species is urgently needed (Cockle et al. 2010, 2015).
Cockle et al. (2010) demonstrated that in the subtropical Atlantic Forest
of Argentina there were nine times fewer cavities in logged than in areas
of unmanaged primary forest, and Cockle et al. (2015) showed that in the
same region, when trees with desirable characteristics were maintained,
several species of cavity nesting birds could succeed in reproduction even
in rural areas. These studies have focused mainly on types of habitats, and
on types of human disturbances, but the effect of successional stages in the
same habitat has been poorly addressed in the Atlantic Forest. This is an
important knowledge gap because secondary forests and/or small fragments
currently correspond to 32-40% of what is left from the Atlantic Forest
(Ribeiro et al. 2009).

In this study we aimed to compare the availability and characteristics
of tree cavities between primary and mid-successional stage sites in
an Atlantic Forest area from southeastern Brazil, and based on nest
characteristics described in the literature, we inferred if hollows present
in secondary sites could harbor the large secondary-nester Atlantic
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Forest birds, with special attention to toucans and hawks. Specifically,
we addressed the following questions: i) Does cavity availability differ
between mid-successional stage and primary Atlantic Forest sites?
ii) Does the amount of dead trees differ between these areas? iii) Do
cavity measurements differ between these successional stages? iv) Could
cavities in the mid-successional stage sites harbor the entire guild of
cavity-nesting Atlantic Forest birds?

Materials and Methods

1. Study area

This study was conducted in Carlos Botelho State Park - PECB
(24° 06° 557 - 24° 14° 41” S and 47° 47° 18” - 48° 07’ 177 W), state of
Sdo Paulo, Brazil. The park holds 37.644 ha, mainly of primary forests,
and together with a number of contiguous conservation units it composes
one of the largest remaining patches of Atlantic Forest, which totals
more than 1.1 million ha. Altitudes are from 20 to 1,000 m a.s.l.; average
temperatures from 18-20°C, and mean annual precipitation is 1,676 mm
(777-2,264 mm) (Beisiegel & Mantovani 2006). This is one of the few
Atlantic Forest parks that still preserves the original faunal assemblage,
including jaguars, cougars, ocelots, and tapirs (Brocardo et al. 2012), and
Antunes et al. (2013) have recorded 331 bird species in PECB, of which 52
(15.7%) are cavity nesters. Although the PECB is mostly covered by mature
forests, 33.3% of the area is represented by recovery-zones in different
successional stages. Our survey was conducted in the upper part of the
park, in the municipality of Sdo Miguel Arcanjo (714-837 m in altitude),
where the natural vegetation is classified as submontane Atlantic Forest.
Our sampling sites were accessed by using the called “’service road”, a28
km path that connects the main administrative base of the park to center
of the conservation unit, in which only the use by researchers and park
staff is permitted (see Oliveira Jr. et al. 2011). Primary forest areas were
reached by choosing random points in the service road, and secondary
habitats were investigated in a clearly distinguishable recovery area called
“’aceiro”. The later is located in one of the limits of the park and has
approximately 136 ha, being bisected by an approximately 3 km secondary
trail. This area was deforested mainly for charcoal production and it has
been in regeneration since 1982, when PECB was created. Currently it can
be generally classified in mid-successional stage (see methods bellow).

2. Successional stage classifications and data analyses

Cavities were sampled in primary and mid-successional stage arcas
by establishing five 0.5 ha plots in each type of habitat. To determine plot
locations, we first assorted numbers from the first 7000 m of the service
road, and from the 3000 m of the aceiro sub-trail to generate reference
sites. In these sites, we assorted the side of the road or trail and entered the
forest until reaching areas that appeared to have the desirable characteristics.
Then, in each of these sites we created one 0.5 ha plot, subdivided in 25 m
wide stripes, demarked with strings.

To confirm the successional stage, we established three 10x10 m
sub-plots, one in each corner, and one in the middle of each plot, arranged
diagonally. In these sub-plots we obtained diameters at breast high and
height of woody trees with DBHs above 5 cm (Carvalho et al. 2015).
Mid-successional stage was considered when DBHs of trees averaged
across the three subplots were between 10 and 20 cm, and heights between
4 - 12 m (Resolugdo Conjunta SMA Ibama/SP 1994, hereafter Ibama 1994).
Primary, or advanced-successional stage was considered when average
DBHs and heights were above 20 cm and 10 m, respectively, and when
woody vines, adult individuals of the palm Euterpe edulis Mart., and of the
samambaiagu Cyathea spp. were present (Ibama 1994, Lima et al. 2011).
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In each plot, we quantified the number of natural cavities, the number
of woodpecker’s holes, and the numbers of dead trees or branches.
The minimum diameter considered for the counting of dead trees or
branches was 5 cm. We have defined a cavity as a depression in a woody
tree (living or dead), which had a plateau to support an oologic chamber
and had a closed cover. Cavities that were up to 7 m high were accessed
using ladder for biometric analyses (Rendell & Robertson 1989, Kerpz
& Smith 1990, Aitken & Martin 2004, Martin et al. 2004). Measurements
included: tree diameter at cavity height, smaller entrance diameter, internal
diameter, and depth (Marini et al. 2002, Remm et al. 2006, Tamungang et al.
2016). When a cavity presented more than one entrance, we considered the
measurements of the larger one as this is the one that would permit easier
access by predators. As in many cavities entrance is not round shaped, but
irregular, we chose measuring the smaller entrance diameter as this is what
may restrict animal entrance. Height above ground was also estimated for
all of the cavities.

The mean numbers of cavities (natural plus woodpecker’s holes), the
mean numbers of woodpecker’s cavities, and of decaying trees or branches
were compared between habitats using univariate t-tests with log, data
correction. The same procedure was used to compare cavities height above
ground, but pooling together the data of all of the plots from each habitat.
The proportion of natural versus woodpecker holes between habitats was
compared through G-test. To compare cavity measurements between habitats,
we first preformed a Principal Component Analysis (PCA) to reduce the
number of variables and to seek for potential graphical clusterings that
could be correlated to each type of habitat. Data was transformed using
z-score (Gotelli & Ellison 2011) and we used variance-covariance matrix.
Then, the new scores provided for the main axis were compared between
habitats by #-test. All of the analyses were performed using the software
Past3 (Hammer et al. 2001), with 95% significance level.

Based on the birds survey of Carlos Botelho State Park (Antunes et al.
2013), we listed all of the forest secondary cavity-nester species. Then,
biometric data of their nests were consulted in literature in order to investigate
if cavities with minimum dimension requirements were available in the
analyzed plots. Only species that presented at least two nests described,
measures of cavity smaller entrance diameter, and depth, with values
range (maximum and minimum) were selected. A graphical comparison
was made between the values of the smaller entrance opening and cavities
depth, which proved to be the most important characteristics selected by
birds in several studies (Wesolowski 2002, Cockle et al. 2008, Cockle &
Bodrati 2009).

Results

From September 2016 to April 2017, we found a total of 96 cavities,
being 67 in the primary, and 29 in the secondary plots. The number of
cavities per plot varied from five to 21 in the primary (13.4 + 6.34), and
from one to 13 (5.8 = 5.07) in the secondary habitats, being the average
number of cavities significantly higher in the primary forest (z = 2.05,
P =0.036). On the other hand, the number of decaying trees or branches
was significantly higher in the secondary habitats (¢ =-2.92, P =0.0096),
being 90 in the primary (11 to 30; 18.0 + 7.17), and 156 in the secondary
habitats (21 to 42; 31.2 + 7.66) (Fig. 1). Of the 67 cavities found in the
primary plots, 61 (91%) were in live trees or branches, and six (9%) were
in decaying structures, of which five (7.5%) were typical woodpecker’s

excavations. Of the 29 cavities found in the secondary plots, 22 (76%) were
in live trees or braches, and seven (24%) were in decaying structures, of
which six (20.6%) were woodpecker’s excavations. Neither the proportion
of natural versus woodpecker holes (G =3.21, P=0.07), nor the average
numbers of woodpeckers cavities (t=0.11, P =0.45) have different between
habitats (Figure 1), and 100% of the holes excavated by woodpeckers
occurred in decaying substrate.

Cavities average heights above ground were 8.17 + 7.96 (0.34 - 25;
n=67) in the primary, and 3.52 +2.48 (0.56 - 10; n = 26) in the secondary
plots, being significantly different (¢ =2.08, P =0.02). Of the 96 cavities,
51 were accessible but one was not measured because of the presence of
bees in primary forest, and three were not considered because they were
full of water, all of them in secondary forest, indicating that they were
inadequate for birds reproduction. Then, measurements were obtained for
47 cavities, being 32 in the primary plots and 15 in the secondary habitats
(Table 1). In the PCA, 95.4% of the variation was explained by the first two
axes, with the first axis concentrating 78.72% of the variation. There was
no graphical evidence for clustering (Figure 2), and the ¢-test performed to
compare the new scores of the main axis (component 1) was not significant
(t=0.0, P=10.50), indicating that cavities presented similar characteristics
in the two types of habitats.

Of'the 62 cavity-nester bird species recorded for PECB, only nine had
nest measurements available in the literature that attended our selection
criteria for depth (Figure 3), and seven for entrance diameter (Figure 4)
comparisons. These graphical comparisons permitted to observe that cavities
from both habitats provided minimal depth requirements for nesting of all
of'the analyzed species, but in the mid-successional stage areas the cavities
we found might exclude the large Collared Forest Falcon, Micrastur
semitorquatus (approximately 50 cm) based on entrance diameters.
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Figure 1. Numbers of cavities (natural cavities plus woodpecker’s roles), numbers
of dead trees or branches, and numbers of woodpecker’s holes found pooled across
five 0.5 ha plots in primary and mid-successional stage Atlantic Forest areas.

Table 1 - Average and standard deviation values for cavities measures in different successional stages.

Smaller entrance

Successional stage diameter Internal diameter Height above ground DBH at nest height Cavity depth
Primary 6.63+£3.9 12.93 £6.91 182.29 £ 118.51 36.02 £ 18.92 36.14 +40.98
Mid-successional 4.79+2.32 10.94 +5.20 194.15 £ 101.45 23.76 +7.29 13.29 +£34.21
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Figure 2. Principal Component Analysis (PCA) evidencing the distribution of
cavities based on their measurements (tree diameter at cavity height, smaller entrance
diameter, internal diameter, and depth). The new scores distributed between the two
main axes did not reveal any clustering tendency between primary (black dots),
and mid-successional stage (gray dots) Atlantic Forest areas.
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Figure 3. Comparisons of cavity nests depth found for bird species occurring in
PECB, and depths found for cavities available in primary and mid-successional
stage Atlantic Forest areas (Lange 1967, Lill 1968, Thorstrom et al. 1990, 2000,
Thorstrom 2001, Gerhardt 2004, Cockle & Bodrati 2009, Jesus & Mikish 2009,
Bodrati et al. 2012, Jesus et al. 2012, Cockle & Bodrati 2013, Holt et al. 2016).

Discussion

Our main prediction of reduced number of cavities in mid-successional
stage areas was corroborated and our data suggested that only advanced
successional stage, or primary areas, may present the density of cavities
expected for natural Atlantic Forest habitats. Notably, the Brazilian legislation
(Ibama 1994) do not make any distinction between advanced successional
stage and primary Atlantic Forests, then both must be representative of
the original conditions. To our knowledge, this is the first work to provide
evidences for such successional effect in a Neotropical humid forest, and
it is consistent with studies carried out in Europe and Thailand where the
number of cavities was higher in older conifer forests and mixed deciduous
forest, respectively (Van Balen et al. 1982, Pattanavibool & Edge 1996).
Hypotheses that attempt to explain the greater number of cavities in mature
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Figure 4. Comparisons of the smaller entrance diameters of cavities used by
bird species occurring in PECB, and diameters found for cavities available in
primary and mid-successional stage Atlantic Forest areas (Lange 1967, Lill 1968,
Thorstrom et al. 1990, 2000, Thorstrom 2001, Gerhardt 2004, Cockle & Bodrati
2009, Jesus & Mikish 2009, Bodrati et al. 2012, 2014, Jesus et al. 2012, Cockle &
Bodrati 2013, Holt et al. 2016).

forests involve the greater biodiversity, greater structural complexity, and
higher forest productivity (Cornelius et al. 2008).

The greater number of dead trees and branches in secondary sites
was also consistent with other studies, not only from the Atlantic Forests
(Aleixo 1999, Carvalho et al. 2007), but also from temperate forests
(Kirby et al. 1998). According to Ibama (1994) and Carvalho et al. (2015),
in mid-succesional regeneration stage the fast growing pioneer trees die
as they get replaced by primary species during the ecological succession
process, which may explain the greater amount of dead trees in this type
of secondary formation (Kirby et al. 1998, Carvalho et al. 2015). Further,
the decomposition of dead substrate must be faster in primary areas due
to increased humidity and diversity of decomposers, which reduces the
number of decaying structures (Cornelius et al. 2008). As woodpecker’s
nests were always constructed in decaying substrate, the lack of difference
in the proportion of natural versus woodpecker’s nests between successional
stages was unexpected, and may be explained by the low representativeness
of woodpecker’s cavities in general. In North America, for instance,
woodpeckers were responsible for constructing 77% of the available
cavities (for a review, see Cockle et al. 2011b), which is much more than
the 28.1% (pooled between habitats) observed here. Then, the differences
in cavities availability between habitats observed here involved mostly
the numbers of natural holes in live trees, and they may be more common
in the largest and older trees found in primary forests.

Although cavity characteristics have not diverged significantly between
habitats, our graphical comparisons revealed that hollows in primary habitats
exhibited the minimal depth and entrance diameter requirements for birds
nesting, including the largest cavity-nester species present in the PECB,
such as hawks, toucans and owls. In the mid-succesional stage sites, on
the other hand, entrance diameter seemed to be a restrictive characteristic
for the largest cavity nester birds.

It is important to note that, although most of the bird species considered
in our comparisons could theoretically nest in cavities from both successional
stages, here we have not considered other important parameters that are
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often involved in nesting habitat and nesting site choice by birds, for
instance, canopy closure, and vegetation density (Cockle et al. 2015).
Then, based on cavities characteristics alone our analyses certainly tend
to overestimate the usefulness of the cavities.

In general, our data revealed that in the recovery area we studied,
the communities of cavity-nester birds may be more affected by the
reduced cavity availability than by cavities quality, as the number of
cavities in mid-succesional stage sites was less than half than that found
in mature forests. We also provide evidences that the largest cavity nesters,
such as the biggest hawks, might have limited nesting possibilities in
mid-seccessional stage areas. Management strategies currently used to
overcome these problems involve the distribution of nest boxes and the
enlargement of the entrances of part of the available cavities (Kuniy et al.
2006, Smallwood et al. 2009, Olah et al. 2014). In face of the evidences
provided here, we suggest that these strategies might be considered for
the preservation of the guild of Atlantic Forest cavity-nester birds in areas
classified in mid- or lower successional stages.
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