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Introduction

Forest fragmentation has been considered a major force in
decreasing local biodiversity (e.g. Gardner et al. 2009, Laurance
2010). However, fragmentation does not act homogeneously on
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Abstract: In this study we investigated the relationship between the sensitivity to forest fragmentation of
bird species and their habitat spatial distribution. We hypothesized that a homogenous spatial
distribution is associated to habitat-generalist species, which would tend to be less sensitive to forest
fragmentation; in contrast, a heterogeneous spatial distribution would drive to an increase of sensitivity
to forest fragmentation. We concentrated on analyses of the suboscine birds, which are known to be
closely associated to microhabitats. Field data was obtained in the Parque Estadual Mata dos Godoy
(23°27' S, 51°15" W), southern Brazilian Atlantic forest. This reserve has high Biotic Integrity levels, with
a relatively high number of recorded suboscines. Forty three species of suboscines were recorded, of
which 21 species were considered to have high sensitivity and 22 to have low sensitivity to forest
fragmentation. There was no association between levels of sensitivity to forest fragmentation and spatial
distribution of suboscines. We only found significant correlation with the group of the subcanopy
suboscines at the northern portion of Parque Estadual Mata dos Godoy. Therefore, we found a weak
relationship between spatial distribution (habitat specialization) and sensitivity to forest fragmentation.
The fact that habitat-specialist birds tend to live at the northern portion of Godoy State Park, which has
the first type of terrain in a landscape to be converted into agriculture, indicate that that region has
special importance for conservation.
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Resumo: Neste estudo nos investigamos as relagdes entre sensibilidade a fragmentacao florestal de aves e
sua distribui¢do espacial no habitat. Nossa hipotese ¢ que a distribuigdo espacial homogénea esta
associada a espécies habitat-generalistas, que tenderiam a ser menos sensiveis a fragmentagao florestal,
em contrapartida, uma distribuicdo espacial heterogénea seria resultado de uma maior sensibilidade a
fragmentagdo florestal. As analises foram concentradas em aves suboscines por serem intimamente
associada a microhabitats. Dados amostrais foram obtidos no Parque Estadual Mata dos Godoy (23°27’
S, 51°15” W), sul da Mata Atlantica brasileira. Esta reserva apresenta alto Indice de Integridade Biotica,
com um numero relativamente elevado de aves suboscines. Quarenta e trés espécies de aves suboscines
foram registradas, sendo 21 espécies consideradas de alta sensibilidade e 22 de baixa sensibilidade a
fragmentacao florestal. Nao houve associagdo entre os niveis de sensibilidade a fragmentacao florestal e a
distribui¢do espacial de aves suboscines. SO foi observada significancia para as aves de sub-bosque da
porcao norte do Parque Estadual Mata dos Godoy. Portanto, encontramos uma fraca relagiao entre
especializacdo de habitat e sensibilidade a fragmentagao florestal. O fato destas aves habitat-especialistas
tenderem a viver na porgao norte do Parque Estadual Mata dos Godoy, que é o primeiro tipo de terreno
a ser convertido para a agricultura em uma paisagem, indicam que essa regido tem uma importancia
especial para a conservagao.

Palavras-chave: aves suboscines, habitat-especialistas, microhabitat.
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different species. In birds, several features have been identified

as closely related to species that are more sensitive, such as

population size, reproductive performance, annual survival,
trophic position, rarity, and biogeographic position (e.g. Henle
et al. 2004, Anjos 2006, Devictor et al. 2010). Another feature
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pointed out by Henle et al. (2004) associating sensitivity of bird
species to forest fragmentation is habitat specialization. Species
that are more habitat-specialists tend to be locally extinct where
forests are fragmented (Ribon et al. 2003, Henle et al. 2004).

Variations in vegetation features, such as vertical and
horizontal segregation associated with variations in floristic
composition, increase diversity of microhabitats, which in turn
drives to a mosaic of resources for the species, even in a
continuous forest (Karr 1990). This structural complexity
entails, for example, greater diversity of foraging substrates,
as occurs in certain groups of birds, like the Furnariidae and
Tyrannidae families (e.g. Remsen 2003, Fitzpatrick et al. 2004).
Thus, a species could be found in certain habitats within a
forest whilst being rare, or even absent, in others.
Fragmentation can negatively affect the availability of those
habitats for most specialized species, decreasing the chances of
their survival in forest fragments (Uezu & Metzger 2011).
Therefore, habitat-specialist species may have their survival
compromised due to the loss or alteration of vegetation
heterogeneity (Cerqueira et al. 2003). However, the chances
to persist in forest fragments should be higher in habitat-
generalists.

In this study we evaluated the type of spatial distribution of
forest suboscine birds in a reserve of southern Brazil, the
Parque Estadual Mata dos Godoy (PEMG). The principal
microhabitat features of some suboscine species in PEMG have
already been described (Poletto et al. 2004, Lopes et al. 20006,
Volpato et al. 2006). Here we associated a homogeneous spatial
distribution to habitat-generalist species, meaning that they
could survive in larger spectrum of biotic and abiotic conditions
within the forest. By contrast, species with heterogeneous
spatial distribution were considered habitat-specialist, which
indicates that they could not support a larger spectrum of
environmental variations. We hypothesized that habitat-gen-
eralist suboscines are less sensitive to forest fragmentation than
the habitat-specialists. The study was carried out in northern
Parana, where the sensitivity of species to forest fragmentation
has been previously determined for several species (Anjos
2006). We considered firstly all species of suboscines together
and secondly according their general feeding habits (canopy,
subcanopy or climber). Additionally, we evaluated variations in
the composition of the bird assemblies in the PEMG.

Material and methods

1. Study area

The study was conducted in Parque Estadual Mata dos
Godoy (PEMG) (23°27" S, 51°15" W, 656 ha) located 15 km
south of Londrina, Parana, in southern Brazil. It is character-
ized as an important conservation area of northern Parana.
According to Anjos et al. (2009), it has a high value of Biotic
Integrity (0,85), with a high bird species richness (114 species)
compared to other southern Brazil fragments, especially in light
of the vegetation heterogeneity resulting from topographical
variation between the north and south of the park (the top of
the slope to the valley bottom, see Santana & Anjos 2010). In
this study, Anjos et al. (2009) determined an Index of Biotic
Integrity (IBI) in 39 forest fragments in the north of Parana
State, southern Brazil, based on presence and absence of 30
selected bird species of different sensitivity levels to forest
fragmentation.
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The northern region of the PEMG, a plateau at about 600
m altitude, has a dense, closed canopy between 12 m to 20 m
where the most abundant tree species are Cabraela canjerana
(Meliaceae), Euterpes edulis (Arecaceae), Ocotea indecora
(Lauraceae) and Nectandra megapotamica (Lauraceae)
(Torezan & Silveira 2002, Anjos et al. 2007). Because of the
dense canopy, the midstory and understory receives little light,
and the understory is relatively open, with short trees and
bushes such as Eugenia verrucosa (Myrtaceae), Sorocea
bonplandii (Moraceae), Miconiatritis (Melastomataceae),
Maranta sp. (Marantaceae) and Piper sp. (Piperaceae)
(Torezan & Silveira 2002, Anjos et al. 2007). The southern
portion consists of a sloped area (600 — 470 m) ending in a
floodplain of the Apertados river, the southern boundary of the
Park. The canopy is less compact, with the largest trees sparsely
distributed, including Chrysophyllum gonocarpum (Sapotaceae),
Campomanesia xanthocarpa (Myrtaceae) and Parapiptadenia
rigida (Fabaceae). The midstory, however, has a higher density
of smaller tree species, such as Nectandra megapotamica
(Lauraceae), Alseis floribunda (Rubiaceae), Matayba elacag-
noides (Sapindaceae), Lonchocarpus muehlbergianus (Fabaceae),
Sebastiana commersoniana (Euphorbiaceae), Eugenia verrucosa
(Myrtaceae) and Trichilia cassaretti (Meliaceae) (Anjos et al.
2007, Santana & Anjos 2010). It is common the fall of the
tallest trees in this region, resulting in clearings dominated by
the herbaceous Celtis iguanaea (Ulmaceae) and bamboo
Chusquea sp. (Poaceae) (Silveira 2006, Anjos et al. 2007,
Santana & Anjos 2010). The edge of the park is characterized
by a riparian forest floodplain which has little representation of
the coverage in the PEMG; Bastardiopsis densiflora
(Malvaceae) and Ocotea puberula (Lauraceae) are examples of
trees that make up the vegetation in this portion of the Park
(Silveira 2006).

2. Field work

Point counts of limited distance were sampled (always by
the same observer) along three trails. Each trail has 1300 m
length. Two trails were in the upland forest (TA and TB) and
the third on the sloped forest in the southern area (TC). On
each trail, 14 points were established every 100 m and
numbered in sequence (one to 14, Figure 1). Field sampling
was obtained at each point and conducted from October to

Apertados
River [

Figure 1. Location of sampling points in each of the three trails sampled
in Parque Esta dual Mata dos Godoy, Londrina, Brazil. The dotted line
indicates the division by altitude of the two types of forest in the Park.
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December 2011, beginning at sunrise. The radius of detection
from each point was 50 m. On each day, the trails were walked
twice in opposite directions. The point samplings in a day were
considered as one sample. The starting point of each trail
sample was alternated each day, offering the same odds of
detection for all species. The sampling period at each point was
5 minutes, thus it lasted for about four hours. At each point,
only the presence of the species was registered.

3. Vegetation characterization

In order to evaluate whether the features of vegetation
differ between the trails, general data on phyto-physiognomy
were obtained at each point (36 points in total), by sampling at
25 m from each point along the trail and at 10 m from each side
of the trail. Our sampled area for each point resulted in 1000 m?
(Figure 2). The vegetation variables that we collected were:
number of large trees (height greater than 15 m), number of
palmettos (only Euterpe edulis occurs in PEMG, height greater
than 4 m) and herbaceous, liana and bamboo densities. The
densities were estimated according to the proportion of the
sample area occupied using the following scale: absent (0); to
40% (1); between 40-60% (2); between 60-80% (3) and up to
100% (4). The sum of the percentages of herbaceous, liana and
bamboo did not resulted in 100% because they were estimated
independently. Our procedure was to estimate the area
occupied for each of these three vegetation types.

4. Procedure for analysis

Levels of sensitivity to forest fragmentation of each bird
species were based on Anjos (2006), which determined the
sensitivity of bird species to fragmentation based on point
counts conducted in 14 forest fragments of different sizes and
degrees of isolation in northern Parana. Species were con-
sidered highly sensitive if they occurred only in the controls and
in large and not-isolated forest remnants; species with low
sensitivity were those occurring in all categories of the forest
remnants, including those smaller and more isolated (Anjos
2006). We considered the bird list of species of Anjos et al.
(1997) to select the suboscines that occur in PEMG. We
allocated each species to groups based on foraging habits,
according to Remsen 2003, Marantz et al. 2003, Zimmer & Isler
2003, Krabbe & Schulenberg 2003, Whitney 2003, Krabbe &
Schulenberg 2003, Snow 2004, Fitzpatrick et al. 2004. The
groups were: (1) canopy species, (2) subcanopy species,
including species that frequent the ground and (3) climber
species. We considered these distinct groups of species because
they seem to present different levels of sensitivity to forest
fragmentation. Subcanopy species seem to be more sensitive
than canopy ones, while climbers seem to have intermediate
sensitivity levels (Aleixo & Vielliard 1995, Anjos & Soares 1999,
Ribon et al. 2003, Uezu & Metzger 2011).

25m 25m 25m 25m
= —
1000m* 10m 1000m? 10m
-— i — e — e —— ] —— — ——— - —— e —— — —
P1 10m P2 10m
100m

Figure 2. Schematic diagram of the sampling points (P1 and P2) and the
sampled area in which the vegetation was characterized.

http://dx.doi.org/10.1590/1676-0603001513

5. Statistics and additional comments

Kruskal Wallis analysis of variance was used to compare
the variation in the number of trees and palmettos between
trails studied (TA, TB and TC). For the remaining vegetation
variables (density of vines, bamboo and herbaceous) it was used
a contingency table (p < 0.05) to test whether the proportion of
variables is similar in the three trails. This analyze was made by
comparing the number of sampled areas wherein each
vegetation variable was estimated according to the occupancy
scale, in other words the number of sampled areas in each
percentage range for each trail.

To evaluate whether bird species are habitat-generalist or
habitat-specialist in PEMG we calculated the percentage of
points that were occupied. To do this, we associated a
homogeneous spatial distribution to habitat-generalist species,
which would tend to be less sensitive to forest fragmentation. In
contrast, we associated a heterogeneous spatial distribution to
habitat-specialist species, which would tend to be more sensitive
to forest fragmentation. Therefore, if a species was recorded at
4 points out of a total of 32 points from the trails, it would give
us a percentage of 13% of occupancy. If another species was
recorded at 28 points it would result in a percentage of 88% of
occupancy. This way, we determined that species with an
occupancy percentage equal and below 30% were habitat-
specialists and those above that value were habitat-generalist.
In the first example the species would be habitat-specialist and
in the second, habitat-generalist. The value of 30% was
arbitrary selected. We know that detectability differs between
the species, as has already been considered for some birds of the
PEMG (Bochio et al. 2012). We countered this by sampling
each point 12 times on 12 different days, making the possibility
that a species was present but not recorded very low.

We evaluated the association between spatial distribution
and the levels of sensitivity in the trails separately. As explained
above, the distinction between homogenous and heterogeneous
spatial distribution was based in the occupancy of the points;
an occupancy equal and below 30% were of heterogeneous
spatial distribution (habitat-specialists) and those above that
value were of homogenous spatial distribution (habitat-general-
ist). Contingency table (p < 0.05) was used to verify whether
the spatial distribution (homogeneous and heterogeneous) was
associated with sensitivity levels of suboscine species (sensitive
and non-sensitive) or with foraging habits groups. All analyses
were carried out using the software R.

Nonmetric multidimensional scaling (NMDS) was also used
to examine the distribution of bird assemblies in the PEMG.
For data analysis, the data were standardized and square-root
transformed to reduce the effect of the most strongly
represented species. For this data analysis, the relative
frequency of each species at each point was used. Therefore,
if a species was recorded 3 times out of 12 times a point was
sampled, it had a frequency of occurrence of 40%. This analysis
was carried out using the software PRIMER 6.1.13 (Clarke &
Gorley 2006).

The sequence of species follows the checklist of the
American Ornithologists’ Union (2013).

Results

The number of large trees and palmettos and the densities
of herbaceous plants were not significantly different among the
studied trails (Tables 1, 2). However, higher density of bamboo
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Table 1. Mean (X) and standard deviation (S) of vegetation variables in each trail. P indicates the significance between the values of the variables

between trails. (Kruskal Wallis).

Variables Trails p
TA TB TC
X S S X S
Trees (> 15m) 8,000 4.11 11,857 4.24 11,929 4.75 0.06
Palmettos (> 4m) 7,500 6.49 9,714 9.33 7,286 6.57 0.79

Table 2. Total sampled areas wherein each vegetation variable was estimated according to the following occupancy scale: absent (0); to 40%; (1)
between 40—-60% (2); between 60—-80% (3) and up to 100% (4). P value indicates the significance between trails. (G-test).

Variables Scale Trails P
TA TB TC

Herbaceous stratum 1 1 0 2 0.60
2 2 3 5
3 9 9 6
4 2 2 1

Vine 1 1 0 6 0.01
2 4 5 5
3 4 7 3
4 5 2 0

Bamboo 1 14 14 4 0.001
2 0 0 2
3 0 0 3
4 0 0 5

was found on TC (G = 26.25, p = 0.001), while TA and TB had
a higher density of vines (G = 16.28, p = 0.01).

A total of 43 different suboscine birds were recorded; 36
species were seen in the northern and 40 in the southern portion
of the PEMG. The numbers of species observed on each trail
were: 34 species in TA, 32 species in TB and 40 in TC. For each
trail there were (respectively on TA, TB and TC) 15, 13 and 13
species with a heterogeneous spatial distribution (habitat-
specialists), and 19, 19 and 27 with a homogeneous spatial
distribution (habitat-generalist). Overall, of the 43 species
recorded in the present study, 21 were considered to have high
sensitivity and 22 to have low sensitivity to forest fragmenta-
tion, following the literature cited above (see methods; Table 3).
Among the high sensitivity species, 17, 16 and 19 species were
found respectively on TA, TB and TC, whereas for species with
low sensitivity, 18 were observed on TA, 16 on TB and 21 on
TC.

There was no association between levels of sensitivity to
forest fragmentation and spatial distribution of suboscine birds
when the whole PEMG was considered (G = 0.02, p = 0.87).
Significance was only found in the group of subcanopy
suboscine birds when TA and TB were considered separately
(G = 6.96, p = 0.008 and G = 4.41, p = 0.03 respectively;
Table 4). Subcanopy suboscine birds showed a significant
association between homogeneous spatial distribution (habitat-
generalists) and low sensitivity to forest fragmentation. Canopy
and climber suboscine birds did not exhibit significant
association in any situation.

http://www.scielo.br/bn

The nonmetric multidimensional scaling (NMDS) ordina-
tion revealed three distinct groups of bird species. One group is
composed of species that preferentially occupy the northern
portion, another of species that occupy the southern portion,
while the third group consists of species that occupy the
transition region between the northern and southern portions
of the PEMG (Figure 3).

Discussion

We found an unexpectedly high number of suboscine birds
with homogenous spatial distribution, which would suggest the
majority of them could be considered habitat-generalists. This
could mean that the studied suboscine birds are not closely
associated to microhabitats as previously thought. In addition,
contrary to our expectations, spatial distribution was not
associated with level of sensitivity to forest fragmentation when
all species of suboscine birds were considered together. This
association was only found for the subcanopy suboscine birds
and even then, only in the northern portion of the PEMG.
These results should be considered carefully however, since it is
possible that the area of forest sampled may not have been large
enough to properly detect variations in habitat occupancy.

Subcanopy suboscine birds, or understory birds in general,
have been seen as one of the more vulnerable groups to forest
fragmentation (Willis 1979, Kattan 1994, Aleixo & Vielliard
1995, Stouffer & Bierregaard 1995, Bierregaard & Stouffer
1997, Goerck 1997, Aleixo 1999, Stratford & Stouffer 1999,
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Figure 3. Nonmetric multidimensional scaling (NMDS) representing the profile similarity of sampling points according to the occupancy patterns of

suboscine bird species sampled in Parque Estadual Mata dos Godoy.

Ribon et al. 2003, Henle et al. 2004, Lees & Peres 2008, Uezu &
Metzger, 2011). Their habitat specialization is thought to be the
reason for such higher vulnerability (Stratford & Stouffer 1999,
Hansbauer et al. 2008a, 2010, Sodhi et al. 2011), which seems to
be corroborated by the data presented here.

Some studies claim that species of suboscine birds found on
trunks and twigs, which we referred to as climbers in the present
study, can be considered sensitive to even slight changes in the
structure of vegetation (Willis 1979, Aleixo & Vielliard 1995,
Christiansen & Pitter 1997, Anjos 1998, Poletto et al. 2004).
Authors tentatively described the microhabitat of those birds,
especially species of Dendrocolaptidae (Cintra et al. 2006,
Poletto et al. 2004). However, the results of this study suggest
that the reason for climbers being sensitive to forest fragmenta-
tion is not closely associated with the microhabitat specializa-
tion. Possibly their sensitivity could be the result of variations in
vegetation structure at broader scales. According to Poletto et al.
(2004), Dendrocolaptidae with stricter ecological requirements
may relate with other vegetation features, selecting fairly
homogeneous sites at late successional stages, such as
Dendrocincla turdina, or even areas with tangled vegetation
and rough bark large trees as Xiphocolaptes albicollis.

Canopy suboscine birds, in turn, do not appear to be
associated with microhabitats. The canopy birds are adapted to
move long distances seeking resources distributed unevenly in
the canopy (Karr & James 1975, Winkler & Preleuthner 2001).
Probably the broad potential of habitat occupancy (homo-
geneous spatial distribution) contributed to their low sensitivity
to forest fragmentation (e.g. Karr 1982, Ribon et al. 2003, Uezu
& Metzger 2011).

The results found in the analysis of structural variation of
the vegetation showed that PEMG can be differentiated
according to the structure of understory vegetation, with it
being subdivided into areas occupied predominantly by

http://dx.doi.org/10.1590/1676-0603001513

bamboos or vines. Large densities of bamboos were found
only in the southern portion of the park (Silveira 2006, Santana
& Anjos 2010). The bamboo clusters that make up the southern
portion of the Atlantic Forest often occupy gaps and areas of
secondary growth, especially in riparian forest or hills, where
they have an aggregate distribution, forming a dense environ-
ment with a lower stratum of anatomically similar leaves
(Kratter 1997, Santana & Anjos 2010). Contrary to clusters of
bamboo, vine tangles were found predominantly in the north-
ern portion of the park. According to Kratter (1997), vine
tangles are probably the most physiognomic similar micro-
habitat to clusters of bamboo, providing habitat and food
source for many organisms (Schnitzer & Bongers 2002,
Thomsen et al. 2010). Data presented here (Table 3 and
figure 3) revealed differences between the pattern of occupancy
of the suboscine birds species between the areas occupied by
bamboos and vines, which seems to disagree with the
interpretations of Kratter (1997).

In the present study we found a weak relationship between
spatial distribution (habitat specialization) and sensitivity to
forest fragmentation. But our data suggested that suboscine
birds occupied differently the northern and the southern
portions of PEMG. Indeed, higher species numbers that have
been considered as habitat-specialists were more common in the
bird assembly of the northern portion of PEMG. The northern
portion of the PEMG is the first type of terrain in a landscape
to be converted into agriculture and should be considered as the
most vulnerable area of that reserve. Many studies have
evaluated effects of forest fragmentation comparing fragments
of different sizes and levels of connectivity (e.g. Uezu et al.
2005, Hansbauer et al. 2008a, b, Gillies & Clair 2010). But
variations in the vegetation inside the forest fragment should be
also considered in such studies (Hansbauer et al. 2010), as in the
case of the PEMG.
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