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Abstract

Replacement of native habitats by tree plantations has increased dramatically in Brazil, resulting in loss of structural
components for birds, such as appropriate substrates for foraging and nesting. Tree plantations can also reduce faunal
richness and change the composition of bird species. This study evaluated the structure of avian communities in
eucalyptus plantations of different ages and in a native forest. We classified species as habitat specialists or generalists,
and assessed if the species found in eucalyptus plantations are a subset of the species that occur in the native forest.
Forty-one sampling sites were evaluated, with three point counts each, in a native forest and in eucalyptus plantations
of four different ages. A total of 71 bird species were identified. Species richness and abundance were higher in the
native forest, reflecting the greater heterogeneity of the habitat. The composition of bird species also differed between
the native forest and plantations. The species recorded in the plantations represented a subset of the species of the
native forest, with a predominance of generalist species. These species are more tolerant of habitat changes and are
able to use the plantations. The commercial plantations studied here can serve as a main or occasional habitat for
these generalists, especially for those that are semi-dependent on edge and forest. The bird species most affected by
silviculture are those that are typical of open grasslands, and those that are highly dependent on well-preserved forests.
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Estrutura de comunidades de aves em plantios de eucalipto:
aninhamento como padrao de distribuiciao de espécies

Resumo

A substituicdo de ambientes nativos pela silvicultura esta se tornando uma pratica cada vez mais comum no Brasil,
resultando na perda de componentes estruturais para as espécies de aves, como substratos especificos de forrageamento
e nidificacdo. Esta pratica pode reduzir a riqueza e alterar a composicdo das comunidades de aves. O objetivo deste
estudo foi avaliar diferengas na estrutura de comunidades de aves em plantios de eucalipto de diferentes idades ¢ em
floresta nativa. Além disso, teve como objetivo classificar espécies em especialistas ou generalistas de habitat e avaliar
se espécies encontradas nos plantios de eucalipto representam subconjuntos da floresta nativa. Quarenta e um sitios
de amostragem foram avaliados, com trés pontos de contagem cada, em uma floresta nativa e em plantios de eucalipto
de quatro diferentes idades. Foi identificado um total de 71 espécies de aves. A riqueza de espécies ¢ abundancia
foram maiores na floresta nativa refletindo a maior heterogeneidade desse habitat. A composicao de espécies de aves
também diferiu entre a floresta nativa e os plantios. As espécies registradas nos plantios representam um subconjunto
das espécies da floresta nativa, o que ¢ explicado pelo predominio das espécies generalistas. Essas espécies sdo mais
tolerantes as alteragdes de habitat e sdo capazes de utilizar os plantios. Nesse sentido, plantios comerciais estudados
aqui podem servir como habitat para essas espécies seja de forma principal ou ocasional, especialmente para aquelas
espécies de borda e semi-dependentes florestais. Por conseguinte, as espécies de aves mais prejudicadas pela silvicultura
sdo espécies associadas a habitats campestres e aquelas que apresentam alta dependéncia a florestas bem preservadas.

Palavras-chave: avifauna, subconjuntos, plantios eucalipto, floresta nativa.
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1. Introduction

Changes in land use have resulted in habitat loss
worldwide, modifying the rates and intensity of many
ecological processes that are essential to maintain ecosystem
integrity (Lambeck, 1997). In the tropics, native and exotic
tree species are planted for lumber and pulpwood production
(FAO, 2012) and, in some cases, to compensate for loss
of the native forest (Farwig et al., 2008). Conversion of
native forests to tree plantations composed of exotic species
is contrary to the principles of biodiversity conservation
(Brockerhoff et al., 2008). The ecological functions of
native forests cannot be completely replaced in plantations
(Volpato et al., 2010). Thus, in plantations, bird diversity
is lower and community composition is different from
native forests (Marsden et al., 2001; Farwig et al., 2008).
Conversion of native vegetation to other land uses has
been detrimental to many native bird species in a variety
of ecosystems (Zurita et al., 2006; Deconchat et al., 2009).
Therefore, species diversity and community composition in
tree plantations are of particular interest for the development
of conservation strategies.

Alterations in the landscape due to tree plantations can
cause more or less severe effects, depending on the type
of management employed, such as removal of understory
vegetation. Another important factor to consider is the
surrounding landscape, which can also influence bird species
composition (Lindenmayer et al., 2003; Farwig et al.,
2008). However, bird species are not equally vulnerable to
habitat changes, as species specialization (e.g. dependence
on native forests) is often associated with an increased risk
of extinction (Sekercioglu et al., 2004).

Simplification of the vegetation structure and composition
is inherent in plantations (Zurita et al., 2006; Filloy et al.,
2010). Vegetation structure (e.g. richness, stratification)
is an important factor affecting the composition of bird
communities (Hobbs et al., 2003; Gabriel, 2009; Filloy et al.,
2010; Volpato et al., 2010; Mendonga-Lima, 2012).
In silviculture areas, avian communities may consist mainly
of habitat generalists, i.e., species that use a relatively wide
set of habitat resources (Colles et al., 2009), and species
associated with forest edges and open areas.

In spite of the differences between plantations
and native forests, species coexistence is expected to
occur, as forest species tend to colonize plantations
(Mendonga-Lima, 2012). Thus, the species distribution in
tree plantations can result in nested subsets. Nestedness
is defined by several investigators as the degree to which
species-poor communities are subsets of species-rich
communities (Patterson and Atmar, 1986; Wright et al.,
1998). Nestedness was first assumed to depend entirely
on species extinction and area size (Patterson and Atmar,
1986). Later studies indicated that it can also depend on
colonization and habitat nestedness (Patterson, 1990;
Ulrich et al., 2009). In recent years, nestedness analysis has
been widely used as an ecological tool to describe patterns
of species occurrence and their fundamental mechanisms
(Ulrich et al., 2009). Hence, evaluation of nestedness of
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bird species in eucalyptus plantations of different ages in
relation to native forests can aid in the understanding of
species distribution patterns in different habitats.

In this study, we evaluated the distribution and nestedness
of the bird assemblage in eucalyptus plantations in relation
to native forest. The following hypotheses were tested.
1) Eucalyptus plantation areas would show lower richness
and abundance, and a different composition of bird species
compared to native forest areas. 2) More habitat generalists
would be expected to occur in eucalyptus plantations.
3) The avian fauna found in eucalyptus plantation areas
would show a nested distribution pattern in relation to
the native forest.

2. Material and Methods
2.1. Study area

This study was conducted in the Horto Florestal
Barba Negra (HFBN), owned by the company CMPC
Celulose Riograndense. The HFBN is a silviculture farm
for pulpwood production. This area is located in Barra do
Ribeiro municipality, between 30°27°55 and 30°26°32 S,
and 051°16°04 and 051°05°44 W, about 60 km from Porto
Alegre, Rio Grande do Sul State, Brazil. The HFBN area is
apeninsula bordered on the north and northeast by Guaiba
Lake, on the south and southeast by Patos Lagoon, and the
west by cropland and livestock pastures (Sydow, 2010).

The regional climate in is predominantly humid
subtropical (Koppen’s Cfa). The mean annual temperature
is 19.3 °C and the annual precipitation is about 1322 mm,
according to K6ppen'’s climate classification (Moreno, 1961).

The total area of HFBN is 10,600 ha, with 2,400 ha
of permanent preservation area (PPA), and a eucalyptus
plantation on the remaining 8,200 ha. In Brazil, PPAs
are legally protected areas. The sampling in the native
forest was conducted on Formiga Hill, which is located
in the PPA. The vegetation of the HFBN region consists
of “restinga”, a coastal sand pioneer formation, close to
the coastal plain; and forest vegetation, which increases
with the distance from the coast. The forest vegetation
consists of Semideciduous Atlantic Forest, comprising
species of Deciduous Forest and Dense Ombrophilous
Forest (Leite, 2002).

In the HFBN, the eucalyptus stands are planted in a
mosaic (plantations of several ages), to avoid large areas
with same-aged trees. The trees are cut about seven years
after planting, and the understory vegetation is not managed.

2.2. Experimental design

Sampling was conducted in the commercial eucalyptus
plantations and in the native restinga forest. Eucalyptus
plantations were classified in four categories according
to their age. The following five groups were established
for sampling. Treatment 1 (T1) — plantations up to 3 years
old. Treatment 2 (T2) — plantations from 3 to 7 years.
Treatment 3 (T3) - plantations from 7 to 12 years. Treatment
4 (T4) — plantations from 14 to 25 years. Treatment
5 —sampling sites in the native forest (NF). In each group,
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10 sampling sites were established. For the treatments,
each site consisted of a plantation area. These sites were
designated a priori with the criterion that there was no
contiguity between plantations. However, sites in the native
forest were established in only one area, on four different
paths. This was necessary since other areas in the HFBN
were too small to use this method.

At each site, three points were established, totaling
150 points where bird species were sampled. The point-count
method was used, with the observer remaining for 10 minutes
at each point. Each point count had a fixed radius of 50 m,
as according to Anjos et al. (2011), most species can only
be heard up to 40-50 m from the observer. During this
period, every bird species seen or heard was recorded.
A minimum distance of 200 m was established between
points, avoiding plantation and forest edges. The counts
started 30 minutes after sunrise and lasted about 3 hours.
Each morning, two sites of two groups were sampled.
Each treatment was sampled during different periods in
the 3 hours of sampling. Sites were sampled only once.
Sampling was conducted from October through December
2012. Bird species nomenclature and classification follows
the Annotated checklist of the birds of Brazil by the Brazilian
Ornithological Records Committee (Piacentini et al., 2015).

2.3. Data analysis

The sampling units used for analysis were the sites
(plantation areas), and for the native forest, each site
consisted of three point counts combined. Thus, the records
from the three point counts in each site were treated as one
sampling unit, since the aim of the study was to evaluate
possible differences between treatments, and not between
point counts.

Bird species richness was rarefied to standardize the
samples, because of differences in number of individuals
(Gotelli and Colwell, 2001), using the software PAST
(Hammer et al., 2001). A species abundance index was
calculated, dividing the number of contacts of each species
by the total number of point counts. Then, analysis of
variance (ANOVA) with randomization was used (Pillar
and Orloci, 1996) to evaluate differences in rarefied
richness and also to compare bird species abundance among
treatments. In order to assess differences in bird species
composition between treatments, a multivariate analysis
of variance (MANOVA) was used, with randomization.
When analyses of variance indicated significant differences
between treatments, contrast analyses were performed for
pairwise comparisons (Pillar and Orloci, 1996). A principal
coordinates analysis (PCoA) was used as an exploratory
analysis to evaluate the bird species composition in relation
to the treatments. All analyses of variance and the ordination
used Euclidean distances, and were performed using the
software MULTIV 2.63 (Pillar, 2006).

To determine habitat specificity of species, bird
species were classified according to a method developed to
determine habitat specialists and generalists (Chazdon et al.,
2011). This method uses a multinomial model based on
a species’ relative abundance in two environments, and
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classifies species into one of the following categories:
(1) generalist; (2) habitat “A” specialist; (3) habitat “B”
specialist; and (4) too rare to classify (Chazdon etal., 2011).
The major advantage of this method is the classification
of habitat specialists and generalists without exclusion of
rare species a priori, and the ability to distinguish habitat
generalists from species that are simply too rare to classify
(Chazdon et al., 2011). As recommended by Chazdon et al.
(2011), a K specialization threshold of 0.667 was defined,
with a p level of 0.005 (suitable for assessing the overall
pattern). Species were classified as habitat specialists
or generalists with the software CLAM (Chao and Lin,
2011). As this software aims to compare only two different
environments, species recorded in eucalyptus plantations
of different ages were quantified in only one group by
their relative abundance, i.e., we evaluated plantations
X native forest.

To evaluate if species composition in the plantations
is a subset of species that occur in the native forest,
we conducted a nestedness analysis with the software
NODF (Almeida-Neto and Ulrich, 2011). Nestedness was
calculated separately for each plantation age in relation to
the native forest. Then, an overall nestedness was calculated
(comparing all the treatments). For overall nestedness,
10 presence/absence matrices were generated, consisting
of a set with all treatments. For each observed matrix, two
null models were generated, with 1,000 permutations, using
the software NODF (Almeida-Neto and Ulrich, 2011).
The first null model maintained the number of presences, but
assigned these anywhere (rows equiprobable and columns
equiprobable). The second null model maintained species
frequencies, but area frequencies were not preserved (rows
fixed and columns equiprobable). Then, nestedness was
calculated for each observed matrix and for 10 random
matrices generated by each null model to obtain two sets
of 10 pairs of nestedness values (the observed value and
its respective value in each null model). A paired t-test
was performed for each null model to test if the observed
nestedness was larger than expected (Schneck et al., 2011),
using the R environment (R Development Core Team, 2012).

3. Results

Actotal of 71 species were identified in the treatments
(Table 1). Of these, 56 species occurred in the native
forest (NF), 41 in plantations up to 3 years old (T1), 33 in
plantations from 3 to 7 years (T2), 30 in plantations from
7 to 12 years (T3), and 30 in plantations from 14 to 25 years
(T4). Rarefied richness and abundance were higher in the
native forest, differing significantly from the eucalyptus
plantations (Q=750.09; p=0.0001, Q=3765.1; p=0.0001,
respectively); between plantations, the results were similar
(Figure 1a-b).

In relation to species composition, the MANOVA
indicated significant differences between the native
forest and the four treatments with eucalyptus plantations
(Q=72.88; p=0.0001). The exploratory analysis (PCoA)
showed the species as distributed in three groups. The first
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Table 1. Classification of bird species recorded in the eucalyptus plantations and in the native forest, with total abundance of
species in each treatment. Plantations up to 3 years old (T1), plantations from 3 to 7 years (T2), plantations from 7 to 12 years
(T3), plantations from 14 to 25 years (T4) and native forest (NF). Nomenclature follows Piacentini et al. (2015).

Category Species T1 T2 T3 T4 NF
Leptotila verreauxi 11 4 6 6 15
Leptotila rufaxilla 5 3 1 0 7
Pyrrhura frontalis 2 0 4 3 10
Myiopsitta monachus 5 5 3 0 6
Thamnophilus caerulescens 3 4 2 6 14
Conopophaga lineata 2 4 6 3 10
Pachyramphus polychopterus 2 2 8 0 7
Poecilotriccus plumbeiceps 0 4 2 0 12
Camptostoma obsoletum 6 4 8 1 7
Generalists Elaenia mesoleuca 0 0 0 2 11
Serpophaga subcristata 2 5 8 5 8
Megarynchus pitangua 2 0 5 0 8
Cyclarhis gujanensis 10 15 20 19 12
Turdus rufiventris 12 14 15 9 10
Turdus amaurochalinus 9 3 1 2 25
Saltator similis 11 8 3 9 16
Tangara preciosa 2 5 1 4 6
Setophaga pitiayumi 5 16 11 15 26
Basileuterus culicivorus 2 11 16 5 17
Myiothlypis leucoblephara 0 14 2 12 20
Pitangus sulphuratus 7 5 10 7 2
Eucalyptus opportunists Troglodytes musculus 20 22 23 20 11
Zonotrichia capensis 27 20 12 13 2
Patagioenas picazuro 21
. L Chiroxiphia caudata 10
Native-forest specialists Turdus albicollis ”
Coereba flaveola 12

Crypturellus obsoletus
Geotrygon montana
Crotophaga ani

Guira guira
Hydropsalis torquata
Stephanoxis lalandi
Chlorostilbon lucidus
Thalurania glaucopis

Too rare to classify

Hylocharis chrysura
Leucochloris albicollis
Trogon surrucura
Colaptes melanochloros

Sclerurus scansor
Sittasomus griseicapillus
Dendrocolaptes platyrostris
Syndactyla rufosuperciliata
Cranioleuca obsoleta

Too rare to classify Carpornis cucullata
Phylloscartes ventralis
Tolmomyias sulphurescens
Elaenia flavogaster
Elaenia sp
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Elaenia sp
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Table 1. Continued...
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Category

Species
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Too rare to classify

Myiopagis viridicata
Mpyiarchus swainsoni
Myiodynastes maculatus
Tyrannus savanna
Tyrannus melancholicus
Empidonomus varius
Myiophobus fasciatus
Lathrotriccus euleri
Vireo olivaceus

Turdus leucomelas
Turdus subalaris
Tachyphonus coronatus
Lanio cucullatus
Tangara sayaca
Ammodramus humeralis
Sicalis flaveola

Sicalis luteola

Volatinia jacarina
Cyanoloxia brissonii
Geothlypis aequinoctialis
Icterus pyrrhopterus
Molothrus bonariensis
Euphonia chlorotica
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Figure 1. Box plots for rarefied richness values (a) and bird species abundance index (b) showing the difference between the
treatments, with their maximum and minimum values and standard error. Caption: T1 (eucalyptus plantations up to 3 years
old), T2 (eucalyptus plantations from 3 to 7 years), T3 (eucalyptus plantations from 7 to 12 years), T4 (eucalyptus plantations
from 14 to 25 years), NF (native forest). Different letters indicate significant differences between treatments.

group comprised species that are characteristic of initial
plantations (T1). The second group consisted of species
associated with intermediate and old plantations (T2, T3,
T4). The third group was formed by species that are
characteristic of the native forest (Figure 2).

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 583-591

In relation to bird species classification, 46 of the
73 species were considered too rare to classify (about 60%).
Twenty species were classified as generalists. Pitangus
sulphuratus (Linnaeus, 1766), Zonotrichia capensis (Statius
Muller, 1776) and Troglodytes musculus (Naumann, 1823)
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Figure 2. Ordination diagram by Principal Coordinates Analysis of the first and second axes, showing the array of
the areas (bold) and bird species distribution. Captions: NF (native forest), up to 3 years old (T1), 3 to 7 years (T2),
7 to 12 years (T3), and 14 to 25 years (T4) (eucalyptus plantations according to their ages), Cran (Crotophaga ani), Amhu
(Ammodramus humeralis), Turu (Turdus rufiventris), Emva (Empidonomus varius), Cygu (Cyclarhis gujanensis), Cybr
(Cyanoloxia brissonii), Caob (Camptostoma obsoletum), Bacu (Basileuterus culicivorus), Coli (Conopophaga lineata), Bale
(Basileuterus leucoblepharus), Chca (Chiroxiphia caudata), Elme (Elaenia mesoleuca), Come (Colaptes melanochloros),
Cacu (Carpornis cucullata), Cofl (Coereba flaveola), Depl (Dendrocolaptes platyrostris), Euch (Euphonia chlorotica), EIfl

(Elaenia flavogaster), Crob (Crypturellus obsoletus).

were classified as eucalyptus-associated. Patagioenas
picazuro (Temminck, 1813), Chiroxiphia caudata (Shaw
& Nodder, 1793), Turdus albicollis (Vieillot, 1818) and
Coereba flaveola (Linnaeus, 1758) were classified as
native-forest specialists.

In spite of the difference in species composition between
eucalyptus plantations and the native forest, the results
of the nestedness analysis showed that the bird species
composition occurred in a nested way. Analyzing treatments
of each plantation age separately showed that species
nestedness in relation to the native forest increased with the
age of the eucalyptus plantations (Table 2). The same was
observed for overall nestedness (NODF=72.16, p=0.001),
i.e., the bird communities found in plantations of different
ages were a subset of the community in the native forest.
When the observed nestedness was compared with null
models 1 (t=3.28, p=0.002) and 2 (t=3.07, p=0.008), this
pattern was maintained.

4. Discussion

The native forest showed higher richness and abundance,
and a different bird species composition compared to the
eucalyptus plantations of different ages. These results
demonstrate that the changes in the bird species community
were associated with forest replacement by commercial
plantations. We can infer that the plantations acted as an
environmental filter determining the occurrence of the species
(Gomez et al., 2010). The lower richness, abundance and
different bird species composition observed in the eucalyptus
plantations in this study seem to reflect an overall pattern
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Table 2. Nestedness analysis with pairwise comparisons
between the four treatments and overall nestedness, i.e.,
plantations up to 3 years old (T1), plantations from 3
to 7 years (T2), plantations from 7 to 12 years (T3) and
plantations from 14 to 25 years (T4) in relation to the native
forest (NF).

Treatments NODF D
T1 and NF 75 0.003
T2 and NF 87.88 0.001
T3 and NF 90.32 0.001
T4 and NF 93.54 0.001
Overall 72.16 0.001

that does not depend on the tree species used for plantation
(Zurita et al., 2006; Barlow et al., 2007). This pattern of lower
bird species richness in monocultures was also observed
by Volpato et al. (2010) and Mendonga-Lima (2012) in
pine plantations, and Motta-Junior (1990), Marsden et al.
(2001) and Barlow et al. (2007) in eucalyptus plantations.
This occurs because silviculture areas increase habitat
similarity (Marsden et al., 2001; Filloy et al., 2010),
supply fewer resources such as appropriate substrates for
nesting and foraging, and thus similar bird communities are
expected (Motta-Junior, 1990; Kwok and Corlett, 2000).
Furthermore, the understory is less developed than in
native forests, resulting in loss of habitat for many species
(Fischer et al., 2006; Barlow et al., 2007).

The PCoA indicated the associations of individual
species with the environments, highlighting three main
groups. In plantations up to three years old, bird species
typical of more open habitats predominated, for example
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Crotophaga ani (Linnaeus, 1758) and Ammodramus
humeralis (Bosc, 1792). The second group united species
recorded in older plantations, and was formed by species
that show some dependence on the forest. The third group
united species that were associated with native forest.
This indicates a gradual replacement of bird species
between plantations of different ages, and the forest.
This replacement is due to structural changes between
plantations, especially when they acquire some attributes
of the forest, e.g., understory development.

The bird species classification showed that only a small
number of species were associated with the eucalyptus
plantations and with the native forest, whereas habitat
generalists predominated. According to Fischer et al.
(2006), generalist species tend to be more abundant in
altered habitats. In addition, Willis (2003) suggested that
the abundance of invasive plants is attractive to some
generalist bird species. In a similar study conducted in
southern Brazilian grasslands, Dias et al. (2013) also
found that generalist birds were the predominant group.
Volpato et al. (2010) recorded fewer forest-dependent bird
species in eucalyptus plantations than in a native forest.
Taken together, these studies show that species with a high
degree of habitat specificity are harmed by silviculture, and
are more susceptible to extinction (Marsden et al., 2001;
Barlow et al., 2007). On the other hand, well-preserved
forests have more-complex vegetation, which positively
influences the richness and abundance of forest-dependent
species (Gabriel, 2009).

The predominance of generalist species determined
the distribution of nestedness, since these species are more
tolerant and are able to inhabit eucalyptus plantations
(Mendonga-Lima, 2012). In this study, the nestedness
was directly related to the age of the plantations; in
other words, a larger subset of the native forest species
was found in the older plantations. This suggests that
plantations that were established a long time ago are
also more likely to be valuable habitat for a biodiverse
fauna in general (Brockerhoff et al., 2008). On the other
hand, species that use plantations up to three years old
are the most harmed by silviculture, as also observed by
Dias et al. (2013). In a study with nine taxonomic groups,
including birds, Louzada et al. (2010) found a high level of
nestedness for species of these groups between eucalyptus
plantations, and primary and secondary forests. According
to Mendonga-Lima (2012) the loss or replacement of
species in silviculture areas seem to determine nestedness.
Feeley et al. (2007) explained the occurrence of nestedness
by selective loss of species, i.e., only species with fewer
habitat requirements are able to “transpose” the conditions
imposed by silviculture. Furthermore, other processes such
as local immigration and species extinction may result in
nestedness (Ulrich et al., 2009). These processes probably
occur in the study area, as not all species from the native
forest are able to colonize the plantations.

The results showed that plantations are functional
habitats for a subset of local native forest species serve
as a main or occasional habitat. This is determined by
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the tolerance of each species to the alterations imposed
by silviculture. Because each species uses the plantations
differently, with some, such as P, sulphuratus, even nesting
(pers. obs.), others simply forage or use the plantations
only as a corridor between other environments. With the
growth of silviculture, it becomes essential to increase
the utility of tree plantations as habitat for a more-diverse
fauna. Thus, new forestation programs need to consider the
matrix quality and connectivity between natural landscape
elements, with the use of corridors and stepping stones,
since many bird species recorded in monocultures use
these sites as they move among areas (Fonseca et al.,
2009). The adoption of these practices is key for the
conservation of forest-dependent bird species, such as
understory insectivores and large frugivores.
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