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Abstract The Atlantic Forest (AF) is one of the five most threatened and megadiverse
world hotspots. It is arguably the most devastated and highly threatened ecosystem on the
planet. The vast scope of habitat loss and extreme fragmentation in the AF hotspots has left
intact very few extensive and continuous forested fragments. We compared bird assem-
blages between small (<100 ha) and large (>6,000 ha) forest remnants, in one of the largest
AF remnants in Argentina. We performed 84 point-counts of birds in four large fragments
(LF) and 67 points in 25 small fragments (SF). We recorded 4,527 bird individuals belong-
ing to 173 species; 2,632 belonging to 153 species in LF and 1,897 in 124 species in SF.
Small fragments suffered a significant loss of bird richness, mainly forest dependent
species, but the birds abundance did not decrease, due to an increase in abundance of forest
independent and semi-dependent bird species (edge and non forest species) that benefit
from forest fragmentation. The bird guilds of frugivores, undestory, terrestrial and midstory
insectivores, nectarivores and raptors, and the endemic species of AF were area sensitive,
decreasing significantly in richness and abundance in the SF. Terrestrial granivores were
the only guild positively affected by forest fragmentation, containing mainly edge species,
which forage in open areas or borders including crops. Our first observations on fragmenta-
tion effects on bird assemblages in the southernmost Argentinean Atlantic Forests did not
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validate the hypothesis on pre-adaptation to human disturbances in the bird communities of
AF. On the contrary, we observed that forest dependent, endemic and several sensitive bird
guilds were strongly affected by fragmentation, putting in evidence the vulnerability to the
fragmentation process and the necessity to conserve large remnants to avoid reduction of
the high biodiversity of AF birds.

Keywords Atlantic Forest - Fragmentation - Birds - Argentina

Introduction

The Atlantic Forest (AF) is one of the world’s 25 recognized biodiversity hotspots, and it is
considered between the five most threatened and megadiverse ecoregions (Galindo-Leal and
Camara 2003; Myers et al. 2000). The AF hotspots are arguably the most devastated and
highly threatened ecosystems on the planet, occupying originally between 1 and
1.5 million km? in southeast Brazil, eastern Paraguay, and northeastern Argentina; and at
present only 7-8% of the original forest remain (Galindo-Leal and Camara 2003). The area of
remnant forest differs in each country. In Brazil and Paraguay it was estimated in 7—12% of the
original area, and in Argentina 50% (Fragano and Clay 2003; Galindo-Leal and Camara 2003;
Giraudo et al. 2003b; Silva and Castelei 2003). The vast scope of habitat loss and extreme
fragmentation in the AF hotspots has left intact very few extensive and continuous forested
fragments. The two last largest AF remnants that reach near 10,000 km? each are located in the
Serra do Mar in S3o Paulo and Parand states in Brazil, and spanning through most of Misiones
province in Argentina (Galindo-Leal and Camara 2003; Giraudo et al. 2003b). The conserva-
tion of Argentinean remnants of Atlantic Forest is a key issue to maintain species with large
area requirements, as well as complete species assemblages, where ecological and evolution-
ary processes are proceeding unabated (Galindo-Leal and Camara 2003; Giraudo et al. 2003b;
Giraudo and Povedano 2004). Additionally, Marini and Garcia (2005) showed that the AF of
southeastern Brazil lowlands, which are represented in Argentina too, contain the highest rich-
ness of threatened species and endemic birds at risk in all the ecoregion. However, the major
factors causing habitat fragmentation and loss in Argentina have not diminished (Matteucci
etal. 2004; Morello and Matteucci 1999; Giraudo et al. 2003b). A law on natural heritage
protection (Law N° 3631 of Green Corridor) was approved in Misiones in 1999, which creates
a legal policy for planning and management of these AF remnants in Argentina. The law
establishes an “Integral Area for Conservation and Sustainable Development” formed by the
major forest fragments and the protected areas connected by them. It lists among its priorities
the creation of corridors, the support of sustainable development, and the conservation of for-
est remnants in Misiones (Rey 2003). In order to achieve these purposes, a thorough under-
standing of fragmentation effects on biodiversity is needed. This knowledge will allow the
urgent design and establishments of patches and corridors to preclude the irreversible isolation
of the major forest remnants and protected areas (Giraudo et al. 2003a, b).

Few studies have been developed in the Neotropical region in fragmented landscapes
(Turner 1996; Marini 2001), and most of them were carried out in the Amazonian ecosystem
in the framework of the Biological Dynamics of Forest Fragments Project, developed during
more than two decades and producing relevant knowledge on fragmentation processes (p. e.
Bierregaard and Stouffer 1997; Gascon et al. 1999; Laurance and Bierregaard 1997; Laurance
et al. 2002). The few studies on the effects of fragmentation in the AF have been done in
Brazil (see Galindo-Leal 2003 for a review), and there are no studies in Argentina. Due to its
large latitudinal range, the Atlantic Forest region is remarkably heterogeneous (Galindo-Leal
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and Céamara 2003); thus, research results cannot be extrapolated, and local studies should be
performed in each subregion. For example, the predation rates on artificial nests do not
increase with decreasing fragment size in southeastern Brazilian forest, contrary to what has
been proved in several regions of the world (Duca et al. 2001; Marini 2001).

Fragmentation produces a set of negative, complex and synergic consequences (see
Saunder et al. 1995; Laurance and Bierregaard 1997; Tabarelli et al 2004 for a review), and
it is considered the most important cause of biodiversity loss in the Neotropical region
(Bierregaard and Lovejoy 1989). Many factors interact with habitat and population reduc-
tion, and diversity diminishes and community composition is changed as a consequence
(Skole and Tucker 1993; Wiens 1994; Saunder et al. 1995). A review of research on frag-
mentation of Atlantic Forests (Galindo-Leal 2003) shows that small fragments contain less
species, and that the high diverse original communities have been replaced by communities
with a few dominant species (e. g. Willis 1979; Anjoz and Bocon 1999).

AF fragmentation has reached extreme magnitudes in Brazil; for example, in the south east
of Pernambuco, 1839 forest fragments were studied in a sugar cane matrix (Ranta et al. 1998).
Fragment sizes ranged from less than a hectare to 1,539 ha, with a mean extension of 34 ha.
However, half of them measured less than 10 ha, and only 7% were larger than 100 ha. In San
Pablo, Botucatu District, most of the patches were small (less than 20 ha) and very few
occupied large extensions (over 60 ha), with a mean size of 11 ha (Blanco and Garcia 1997).
It has been shown that the extreme fragmentation rate resulted in a reduction in diversity,
changes of community and guild composition, and the reduction or local extinction of species
of several groups, such as birds (Willis 1979; Anjos & Bocon 1999; Marini 2000), mammals
(Chiarello 1999; 2000; Cullen et al. 2000), and trees (Tabarelli et al. 1999). In some cases,
species and communities that are important for the ecosystem functioning have been
damaged, such as large frugivorous birds including toucans and guans (D’angelo Neto et al.
1998; Chiarello 1999, 2000), large mammals such as tapirs, jaguars, giant armadillos, pumas,
peccaries and the giant anteater (Galindo-Leal 2003; Giraudo and Abramson 1998; Chiarello
1999; Leite 2001); and fruit trees and shrubs of the highest canopy layer (Tabarelli et al.
1999). These changes in species assemblages, and the reduction or disappearance of key spe-
cies and guilds, may have serious consequences in ecological processes and in functioning of
the tropical forests altering their structure and their regeneration capacity (Terborgh 1988;
Dirzo and Miranda 1990; Carrillo et al. 2000; Cuaron 2000).

The aim of this study is to compare bird assemblages between small and large forest
remnants, a typical landscape pattern of fragmentation in the southernmost portion of
Atlantic Forest in Argentina.

Methods
Study area and sampling sites

The study was done in fragments of native vegetation of AF in central of Misiones province
(Argentina) near Aristébulo del Valle, Argentina (27° 05’ 55" S, 54° 53’ 41" W, elevation
between 141 and 549 m osl). Fragments were delimited by visual digitalization on screen
using as backdrop a three band infrared composite (RGB 432) satellite image (Landsat
7ETM, May 25, 2002), with ArcView (ESRI 1996) and CartaLinx (Clark Labs 1998).

We studied 25 small fragments (SF) ranging in size from 3.5 to 99.3 ha (mean = 30.9,
SD =25.3) and four large fragments (LF) of between 6,547.6 and 33,151.9 ha (mean
=15,752.4, SD = 11,847.9). The large fragments sum a total area of 63,009.5 ha, and they
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are separated by pavement roads 15-20 m wide. The large fragments include two protected
areas (Giraudo et al. 2003a), the provincial park Salto Encantado del Valle del Cufiapird,
created in 1993 (13,338 ha); and the private reserve of La Plata National University, Valle
del Cuiiapird, created in 2000 (of 6,035 ha).

The forests in all the study area and the sampled fragments were invariably disturbed by
selective logging and hunting, including the large fragments and protected areas (the latter
were exploited by selective logging and hunting before their creation, and these illegal
activities were recently detected in the reserves).

The fragments in the study area are mainly surrounded by perennial crops of yerba
mate(llex paraguayensis) and tea (Thea sinensis). In minor proportion, some areas have
annual crops of tobacco (Nicotiana tabacum), pine (Pinusspp.) plantations, and rarely
eucalyptus (Eucalyptusspp.) plantations and introduced cultivated pastures.

Bird recording methods

The surveys were carried out between October 2004 and September 2006. We searched
the birds by fixed -radius point-counts of 100 m. In each point we counted birds seen
and heard for a fixed sampling of 20 min (Anjos 2004; Anjos and Bogon 1999). Each
point was between 300 and 500 m of each other and at least 100 m of the forest edge.
Independence among points was improved by the sampling of neighboring points by
two observers simultaneously. We performed 151 point-counts, 84 in LF and 67 in SF,
never during periods of rain or strong wind. The counts were performed during the
morning, approximately between 06:00 and 11:00 h. In Atlantic Forest ecosystems,
most of the contacts are heard but not seen due to its high vegetation complexity. In
consequence the ability to acoustically identify bird species has a quite important role
(Anjos 2004). All observers that sampled birds had a previous experience of more than
10 years recording and identifying birds in the Atlantic Forest. Nevertheless, some
unidentified birds’ vocalizations were tape-recorded and identified subsequently. The
point-count method was proved and used effectively in previous studies on Atlantic
Forest bird assemblages (e.g. Aleixo 1999; Anjos 2004; Anjos and Bogon 1999;
Protomastro 1999).

Data analyses

One of the strongest criticisms of specie-area studies is that organisms are considered
independently of their association with the habitat under consideration (Marini 2001). In
consequence, the species were categorized by: (a) their forest dependence (dependent,
semi-dependent and independent), following Marini (2001) and field observations; (b) their
guilds based on feeding habits, preferred foraging strata of vegetation and foraging sub-
strate, according to Lopez de Casenave et al. (1998), Parker et al. (1996), Protomastro
(1999), Sick (1988), and field observations, as follow: Aerial granivore (AG), terrestrial
granivore (TG), frugivore (F), aerial insectivore (Al), bark insectivore (BI), canopy insecti-
vore (CI), midstory insectivore (MI), terrestrial insectivore (TI), understory insectivore
(UI), nectarivore (N), arboreal omnivore (AO), generalized omnivore (GO), terrestrial
omnivore (TO), undestory omnivore (UO), and raptor (R) bird categories; and (c) their
endemism to the Atlantic Forest region, according to Parker et al. (1996) and Ridgely and
Tudor (1989, 1994).

The comparisons were performed using all bird, forest dependent species, guild and
endemic assemblages. We compared differences in bird richness (number of species by
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point-count) and abundance (number of individuals by point-count) between LF and SF.
We performed parametric (Student #) and non-parametric (Mann—Whitney U) univariate
statistical tests, depending on the normality and homogeneity of the variables. The univari-
ate normality assumptions were verified using Shapiro-Wilks test, while homogeneity of
variance was verified with the F test.

All statistical analyses were performed using Infostat (2002) version 1.6. We used a
significance level of 0.05 and 0.1 when interpreting our results, because some of the cate-
gories (for example raptors guild), showed a small sample size which resulted in an
increase of Type II error. This type of error can be more costly than Type I in environmen-
tal and conservation research (Lopez de Casenave et al. 1998).

Results

We recorded 4,527 bird individuals belonging to 173 species, of which 2,632 belonging to
153 species were found in LF, and 1,897 in 124 species were in SF (Appendix 1). The
difference in total richness between large and small fragments was statistically significant
(U =4520.5, P =0.032). In average, the species number was higher in LF (mean richness
=20.3, range 743 species, n = 84) than in SF (mean = 17.5, range =4-31, n =67). The
differences in abundance between large and small fragments was not statistically significant
for all bird assemblages (U =4793, P =0.2623; mean for LF =31.3 individuals, range
10-62, n = 84; mean for SF = 28.3, range = 646, n = 67). Nevertheless, both richness and
abundance of forest dependent birds was significantly higher in LF than in SF (Fig. 1). On
the contrary, the forest independent and semi-dependent birds showed a significantly lower
richness and abundance in LF (Fig. 1).

Large fragments showed a higher proportion of forest dependent species (115 species,
75% of its avifauna) than small fragments (82 species, 66%). The inverse occurred with
forest independent species, with lower proportion in large fragments (15 species, 10%) than
in small fragments (19 species, 15%). The forest semi-dependent species showed a slightly
higher fraction in small fragments (23 species, 19%) than in large fragments (23 species,
15%).

Only one guild, the terrestrial granivore, was statistically higher in richness and
abundance in small fragments. Six out of the 13 defined guilds were statistically lower in
small fragments in number of species, number of individuals or both (Table 1). Terrestrial
insectivores, undestory insectivores and nectarivores showed a significant (95% of confi
dence level) higher richness and abundance in large fragments. Midstory insectivores
showed significantly higher richness (95% of confidence) in large fragments, but the differ-
ence in abundance was not statistically significant. Frugivores showed a significant higher
richness and abundance in the 95 and 90% confidence levels, respectively. Finally, the rap-
tors showed significantly higher richness and abundance in large fragments at the 90% con-
fidence level (Table 1).

We recorded 1,374 individuals (30% of the total) belonging to 52 endemic species of
AF, representing a 30% of the 173 species observed, of which 886 individuals of 50
endemic species were in large fragments and 469 of 33 taxa in small fragments. Endemic
species were area sensitive, they showed higher richness and abundance in LF (mean of 7.3
species and 10.7 individuals) than in SF (mean of 4.6 species and 7.0 individuals), and the
difference was statistically significant (test U =3773.5, P < 0.0001 for richness, and
U =3935.5, P < 0.0001 for abundance).
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Fig. 1 Box-plot comparing richness (Number of species) and abundance (Number of individuals) of forest
dependent (above), independent (center) and semi-dependent (bellow) birds between large and small forest
fragments. The statistical significance is indicated in each graphic
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Table 1 Richness and abundance of defined guilds birds in large (n = 84) and small (n = 67) fragments

Guilds Large fragments ~ Small fragments  Statistical comparisons
Mean  S.E. Mean  S.E. Uvalue p value
Frugivore No. species 1.43 +0.11 1 +0.11 4431.5 0.0098*
No. individuals 2.11 +0.2 1.66 +0.22 46225 0.0723°
Aerial granivore No. species 0.42 +0.07 0.3 +0.07  4766.5 0.1298
No. individuals 0.85 +0.15  0.84 +0.22 4839 0.2441
Terrestrial granivore  No. species 0.63 +0.08 1.12 +0.12 59115 0.001%
No. individuals 0.83 +0.12  1.76 +0.25  5966.5 0.0006*
Aerial insectivore No. species 0.42 +0.07 0.3 +0.07  4766.5 0.1298
No. individuals 0.85 +0.15  0.84 +0.22 4839 0.2441
Bark insectivore No. species 1.05 +0.11 1.06 +0.13 5076.5 0.9507
No. individuals 1.25 +0.13 1.27 +0.15  5085.5 0.9798
Canopy insectivore No. species 1.79 +0.13 1.57 +0.14 4783 0.2316
No. individuals 2.81 +026 2.24 +0.22 4769 0.2202
Midstory insectivore ~ No. species 2.24 +0.13 1.78 +0.11 4483 0.0171*
No. individuals 4.08 +0.27  3.46 +0.25 4759 0.2079
Terrestrial insectivore No. species 1 +0.11 0.27 +0.05 3890 <0.0001*
No. individuals 1.38 +0.16  0.34 +0.08 3867 <0.0001*
Undestory insectivore No. species 4.6 +0.28  3.49 +0.25  4366.5 0.0061%
No. individuals 7.04 +046 54 +0.39 44725 0.0199*
Nectarivore No. species 0.35 +0.06 0.18 +0.05  4679.5 0.042¢
No. individuals 0.36 +0.06  0.18 +0.05  4679.5 0.042%
Arboreal omnivore No. species 5.74 +0.27  5.52 +0.28 4998 0.7225
No. individuals 8.9 +0.5 8.78 +0.55 5142 0.8509
Generalized omnivore No. species 0.21 +0.05 0.3 +0.06 5329 0.2376
No. individuals 0.56 +0.16  0.96 +0.23 5373 0.167
Terrestrial omnivore  No. species 0.36 +0.06 0.43 +0.09 5154 0.7749
No. individuals 0.57 +0.12  0.67 +0.18 5105 0.9525
Raptor No. species 0.29 +0.06 0.13 +0.04 4782 0.0897°
No. individuals 0.33 +0.07 0.13 +0.04  4768.5 0.077°

* Significative to confidence level of 95%

® Significative to confidence level of 90%

Discussion

According to Protomastro (1999) and Aleixo (1999), the Atlantic Forest remnants studied
by us showed a high richness of birds (173 species), including an important number of
endemic species (52), and some threatened and rare species (e. g. Platirynchus leucory-
phus), confirming the high value for conservation of secondary and tropical forest frag-
ments subjected to selective logging (Giraudo et al. 2003b; Turner and Corlett 1996).

In coincidence with several authors (e. g. MacArthur and Wilson 1967; Marini 2001;
Willis 1979) small fragments suffered a significant loss of bird richness, mainly forest
dependent species in the southernmost Atlantic Forest of Argentina, such as was observed
by Anjos and Bocon (1999) in neighboring areas of Parand, Brazil. Nevertheless, the bird
abundance did not decrease significantly in SF, due to an increase in abundance of forest
independent and semi-dependent bird species (Fig. 1). According to Anjos (2004), species
that benefit from forest fragmentation tend to increase their relative abundance in the smallest
fragments, mainly due to (1) the increase in area of habitat for edge and non forest species,
(2) the loss of species in small fragments may result in reduced interspecific competition
allowing persisting species to achieve unusually high densities, analogous to density
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compensation on islands (MacArthur et al. 1972; Laurance et al. 1997). This change in
density of some species was recorded in Araucarian Brazilian forests (Anjos and Bogon
1999), in Amazonian forests (Bierregaard and Lovejoy 1989) and in Brazilian Atlantic
Forest (Willis 1979), including some of the same species that increased in abundance in our
study, mainly edge species (e.g. Pitangus sulphuratus, Turdus leucomelas, T. amaurochalinus,
Troglodytes aedon, see abundance in Appendix 1) or open habitat species that used the
border of SF (see Crypturellus parvirostris and Colaptes campestris, Appendix 1).

Frugivores richness and abundance decreased in small fragments studied by us, in coin-
cidence with observations in patches of Amazonian forest (Bierregaard and Stouffer 1997)
and Atlantic Forest (Aleixo and Vielliard 1995; Willis 1979). This guild depends on scat-
tered trees of different species at difference seasons, and probably large woodlots have
enough tree diversity to support them (Anjos and Bocon 1999; Willis 1979). Melo et al.
(2006) observed, in an Atlantic Forest fragment, that the creation of forest edge may alter
some attributes of seed rain, mainly its content of large-seeded plants and of those dis-
persed by vertebrates, which were lower in the forest edge than in the patch core. The small
fragments have a higher area of forest edge and a smaller proportion of interior forest.

In agreement with other studies (e. g. Bierregaard and Stouffer 1997 for the Amazonian
forest, Aleixo and Vielliard 1995 for the Atlantic Forest) undestory, terrestrial and midstory
insectivores decreased in richness and abundance in SF (midstory insectivores only in rich-
ness). Terrestrial forest insectivores were markedly affected by fragmentation, detecting 11
species in LF and only 4 in SF, and several of the commonest ground species in LF, such as
one Tyrannidae solitary terrestrial feeders (Corythopis delalandi) and two Formicariidae
(Grallaria varia and Hylopezus ochroleucus), were never recorded in SF (see Appendix 1).
Bierregaard and Stouffer (1997) mentioned a decrement of birds species which forage in
the leaf litter in small fragments in Amazonian forest.

In contrast to observations by Bierregaard and Stouffer (1997) in Amazonia, our data
showed a significant reduction of nectarivores in SF of Atlantic Forest. These differences may
be explained by variations in flower production between the tropical Amazonian forest (more
predictable and developed too in secondary habitats, Bierregaard and Stouffer 1997) and the
southernmost subtropical Atlantic Forest of Argentina (the flower production is markedly
seasonal and is probably affected by fragmentation and the reduction of plant diversity).

The raptors decreased in SF (significant to 90% of confidence level, due probably to a small
sample size effect) as it is expected because these guilds contain rare species that have large
area requirements and are more vulnerable to fragmentation (Laurance et al. 1997).

The bark insectivore, a guild described as vulnerable to fragmentation in AF (Anjos and
Bogon 1999; Willis 1979), showed no significant differences between SF and LF in
our research. We suggest that a density compensation, mentioned above, probably occurred
in this guild, with some species increasing in abundance in SF (see Colaptes campestris
in Appendix 1), and others decreasing or absent in SF (see Lepidocolaptes fuscus and
Melanerpes Xavifronsin flavifrons in Appendix 1).

In contrast to that observed by Marini (2001) in forest fragments of the Brazilian
Cerrado, the endemic bird species were area sensitive, decreasing significantly in richness
and abundance in the Atlantic Forest SF. This is an important consideration due to the fact
that endemic species become globally extinct when extirpated from their restricted range
(Marini 2001), and the fragmentation of Atlantic Forest is extreme, affecting progressively
all the biome (Galindo Leal and Camara 2003).

Finally, terrestrial granivores were positively affected by forest fragmentation, increas-
ing in richness and abundance in SF. Two dove species (Columba picazuro and Leptotila
verreauxi) influenced this result, increasing their abundance in SF (Appendix 1), as they are
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mainly edge species, which forage in open areas or borders including crops. Some authors
suggested that granivores are abundant and probably increasing near forest fragments
(Leck 1979 in Marini 2001).

Our first observations on fragmentation effects on bird assemblages in the southernmost
Argentinean Atlantic Forests, did not validate the hypothesis on pre-adaptation to human
disturbances in the bird community of Atlantic Forest, suggested by Brown and Brown
(1992) and supported by Protomastro (1999) based on a study in the Argentinean Atlantic
Forest in the Iguazi National Park, Argentina. On the contrary, we observed that forest
dependent, endemic and several sensitive bird guilds were strongly affected by fragmenta-
tion, putting in evidence the vulnerability to the fragmentation process and the necessity to
conserve large remnants to avoid reduction of the high biodiversity of AF birds.

These first results on fragmentation effects in the Argentine Atlantic Forest, may be use-
ful to help in regional conservation policymaking. For example, trying to avoid connection
rupture between the Provincial Cufapiru Park and the northern large forest fragment,
which are at present connected by a 400 m corridor.
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Appendix 1 List of birds recorded in large and small fragments in 151 point-counts in Argentinean Atlantic
forest. Species are ordered according to their abundance in large fragments

Species Large fragments Small fragments Forest Guild® Endemism
(n=284) (n=67) dependence®

Total Mean SD Total Mean SD

Basileuterus culicivorus 181 2.8 1.6 136 2.6 1.3 D MI

Basileuterus leucoblepharus 147 2.4 1.3 124 22 1.2 D Ul Endemic
Hemithraupis guira 93 23 14 70 25 1.3 D AO

Cacicus haemorrhous 79 2.1 1.3 50 25 14 SD AO
Dysithamnus mentalis 75 1.5 08 59 1.7 09 D MI

Parula pitiayumi 74 2.0 1.0 49 15 06 D CI

Cyclarhis gujanensis 68 1.5 0.7 40 1.6 08 I AO
Trichothraupis melanops 61 1.6 06 73 1.8 09 D AO

Turdus rufiventris 61 14 08 55 14 0.5 SD AO

Chamaeza campanisona 59 1.6 08 16 1.2 04 D TI

Hypoedaleus guttatus 59 13 05 29 13 05 D CI Endemic
Tachyphonus coronatus 57 14 06 25 1.3 0.6 D AO Endemic
Syndactyla rufosuperciliata 48 1.5 1.0 27 14 0.6 D Ul

Cyanocorax chrysops 47 2.6 23 63 33 22 D GO
Chlorophonia cyanea 46 1.5 07 20 14 0.6 D F

Trogon surrucura 46 1.2 05 29 15 0.7 D AO Endemic
Chiroxiphia caudata 45 1.6 1.0 18 1.6 0.8 D F Endemic
Thamnophilus caerulescens 44 14 07 53 1.6 0.9 SD Ul

Turdus albicollis 4 15 07 23 13 06 D AO

Sittasomus griseicapillus 41 1.2 05 17 12 0.6 D BI

Synallaxis ruficapilla 40 1.5 06 17 13 09 D UI Endemic
Capsiempis flaveolus 38 1.7 0.8 7 12 04 D Ul
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Appendix 1 continued

Species Large fragments Small fragments Forest Guild® Endemism
(n=284) (n=067) dependence®

Total Mean SD Total Mean SD

Vireo olivaceus 35 1.6 0.5 9 15 0.8 D AO
Conopophaga lineata 34 15 07 34 14 0.6 D Ul Endemic
Hemitriccus diops 34 14 0.6 9 13 0.8 D Ul Endemic
Pyrrhura frontalis 34 23 1.0 21 35 1.6 D AG Endemic
Habia rubica 33 22 1.7 19 21 13 D AO

Euphonia chlorotica 32 15 08 23 1.8 1.1 SD F

Synallaxis cinerascens 32 12 0.5 7 12 04 D Ul Endemic
Leptotila verreauxi 30 1.6 07 50 1.7 0.9 SD TG

Myiornis auricularis 29 1.3 05 12 13 05 D Ul Endemic
Mackenziaena severa 28 13 0.5 3 10 00 D Ul Endemic
Pyrrhocoma ruficeps 27 14 0.7 8 1.3 05 D AO Endemic
Piaya cayana 26 1.1 03 26 12 04 SD MI

Drymophila rubricollis 25 1.3 0.4 4 1.0 0.0 D Ul Endemic
Drymophila malura 24 13 0.6 3 15 0.7 D Ul Endemic
Crypturellus obsoletus 22 1.5 06 10 1.0 0.0 D TO

Schiffornis virescens 22 13 0.5 9 11 04 D AO Endemic
Lathrotriccus euleri 21 1.2 0.4 7 12 04 D MI

Leptopogon amaurocephalus 20 1.2 04 15 1.0 0.0 D CI

Pyriglena leucoptera 20 1.2 04 22 1.6 05 D Ul Endemic
Cacicus chrysopterus 18 20 07 21 1.3 05 D AO

Pionus maximiliani 18 1.6 09 16 27 27 D AG

Crypturellus tataupa 17 14 08 23 23 22 D TO

Hylopezus ochroleucus 17 1.1 0.3 D TI Endemic
Phaethornis eurynome 17 1.1 0.3 6 1.0 00 D N Endemic
Sirystes sibilator 17 2.1 1.4 D CI

Tolmomyias sulphurescens 17 13 0.5 4 13 0.6 D CI

Veniliornis spilogaster 17 14 07 27 14 0.7 D BI Endemic
Columba cayennensis 16 1.1 03 13 14 09 SD TG

Leptotila rufaxilla 15 13 0.5 4 1.0 00 D TG

Corythopis delalandi 14 12 0.4 D TI

Picumnus temminckii 14 1.1 03 10 1.0 0.0 SD BI Endemic
Saltator similis 13 1.1 03 20 12 04 SD AO

Tityra cayana 13 12 0.4 5 13 05 D AO
Herpsilochmus rufimarginatus 12 2.4 1.1 D CI

Stephanoxis lalandi 12 10 0.0 4 10 0.0 D N Endemic
Euphonia chalybea 11 14 0.5 7 1.8 15 D F Endemic
Mpyiopagis caniceps 11 14 05 27 1.8 0.8 D CI
Dendrocolaptes platyrostris 10 1.1 03 10 14 0.8 D BI
Psiloramphus guttatus 10 14 0.5 1 1.0 D Ul Endemic
Aratinga leucophthalmus 9 45 21 13 33 25 D AG

Chaetura andrei 9 23 2.5 1 1.0 D Al

Cissopis leveriana 9 23 1.5 8 1.6 09 SD F

Dacnis cayana 9 15 0.8 1 1.0 D AO
Lepidocolaptes fuscus 9 13 0.5 D BI Endemic
Myiodinastes maculatus 9 15 08 17 1.7 0.8 D CI
Pachyramphus polychopterus 9 13 0.5 4 1.0 0.0 SD AO

Philydor rufus 9 1.1 0.4 1 1.0 D MI

Coragyps atratus 8 1.1 0.4 1 10 D R

Micrastur ruficollis 8 13 0.5 D R

Odontophorus capueira 8 4.0 4.2 D TO Endemic
Philydor lichtensteini 8 1.1 0.4 D MI Endemic
Scytalopus speluncae 8 1.1 0.4 D Ul Endemic
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Appendix 1 continued

Species Large fragments Small fragments Forest Guild® Endemism
(n=284) (n=67) dependence®
Total Mean SD Total Mean SD
Cyanocompsa brissoni 7 1.0 0.0 4 10 D F
Euphonia violacea 7 1.0 0.0 5 17 0.6 D F
Legatus leucophaius 7 14 0.5 D MI
Pachyramphus viridis 7 1.8 1.0 SD AO
Piprites chloris 7 1.0 0.0 D AO
Syrigma sibilatrix 7 14 0.5 1 TI
Todirostrum plumbeiceps 7 12 0.4 8 1.6 1.3 D Ul
Turdus leucomelas 7 14 05 38 15 0.6 SD AO
Camptostoma obsoletum 6 15 1.0 8 1.1 04 1 CI
Columba picazuro 6 15 06 35 14 0.9 SD TG
Grallaria varia 6 12 0.4 D TI
Myiarchus swainsoni 6 12 0.4 4 1.0 0.0 SD AO
Phyllomyias virescens 6 15 0.6 D MI Endemic
Pionopsitta pileata 6 15 0.6 4 13 0.6 D AG Endemic
Pitangus sulphuratus 6 1.0 00 39 19 14 1 Al
Pitylus fuliginosus 6 12 0.4 D F Endemic
Platyrhynchus mystaceus 6 12 0.4 4 13 0.6 D UI
Trogon rufus 6 1.0 0.0 3 1.0 0.0 D AO
Aramides saracura 5 1.7 0.6 5 1.7 0.6 D TI Endemic
Conirostrum speciosum 5 13 0.5 9 45 0.7 D AO
Dromococcyx pavoninus 5 13 0.5 3 1.0 00 D Ul
Turdus amaurochalinus 5 10 00 20 13 05 1 AO
Buteo magnirostris 4 13 0.6 5 1.0 0.0 I R
Colonia colonus 4 20 1.4 D CI
Dryocopus lineatus 4 10 0.0 5 1.0 0.0 D BI
Melanerpes flavifrons 4 13 0.6 D BI Endemic
Phyllomyias burmeisteri 4 10 0.0 1 1.0 D CI
Phylloscartes ventralis 4 20 1.4 D MI
Pteroglossus castanotis 4 20 1.4 8 20 14 D F
Pyrocephalus rubinus 4 13 0.6 1 1.0 1 Al
Tityra inquisitor 4 20 1.4 3 15 0.7 D AO
Amaurospiza moesta 3 15 0.7 2 20 D AG Endemic
Conopias trivirgata 3 15 0.7 D CI
Hylophilus poicilotis 3 1.0 0.0 D AO Endemic
Lochmias nematura 3 15 0.7 D TI
Pipraeidea melanonota 3 15 0.7 D F
Ramphotrigon megacephala 3 1.0 0.0 D MI
Automolus leucophthalmus 2 20 1 10 D UI Endemic
Baryphthengus ruficapillus 2 1.0 D AO Endemic
Batara cinerea 2 1.0 0.0 1 1.0 D Ul
Colaptes melanochloros 2 1.0 0.0 6 1.0 00 D BI
Elaenia flavogaster 2 20 SD AO
Geotrygon montana 2 1.0 0.0 D TG
Ictinia plumbea 2 1.0 0.0 1 1.0 D R
Leptodon cayanensis 2 1.0 0.0 D R
Mackenziaena leachii 2 1.0 0.0 13 1.0 0.0 SD Ul Endemic
Micrastur semitorquatus 2 1.0 0.0 D R
Pachyramphus castaneus 2 1.0 0.0 D AO
Penelope superciliaris 2 20 D F
Pyroderus scutatus 2 1.0 0.0 2 1.0 00 D F Endemic
Ramphastos toco 2 20 1 1.0 SD F
Stelgidopteryx ruficollis 2 20 1 Al
Troglodytes aedon 2 1.0 0.0 6 12 04 1 Ul
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Appendix 1 continued

Species Large fragments Small fragments Forest Guild® Endemism
(n=284) (n=067) dependence®

Total Mean SD Total Mean SD

Vanellus chilensis 2 20 1 10 I TI

Xenops rutilans 2 1.0 0.0 D BI

Campephilus robustus 1 10 D BI Endemic
Campyloramphus falcularius 1 10 D BI Endemic
Carduelis magellanica 1 10 1 AG

Cathartes aura 1 1.0 1 R

Chaetura cinereiventris 1 10 D Al

Chamaeza ruficauda 1 10 D TI Endemic
Contopus cinereus 1 10 SD MI

Cranioleuca obsoleta 1 1.0 SD BI Endemic
Crotophaga ani 1 10 1 10 SD TI

Gnorimopsar chopi 1 10 1 1.0 1 AO

Harpagus diodon 1 10 D R

Leucochloris albicollis 1 10 SD N Endemic
Mionectes rufiventris 1 10 D AO Endemic
Nonnula rubecula 1 10 D Ul
Phylloscartes eximius 1 10 1 1.0 D MI Endemic
Platyrhinchus leucoryphus 1 10 D Ul Endemic
Sclerurus scansor 1 10 D TI Endemic
Synallaxis spixi 1 10 1 1.0 SD Ul

Tangara seledon 1 10 10 20 0.7 D AO Endemic
Tapera naevia 1 10 I Ul

Tersina viridis 1 10 8 27 1.2 D F

Thraupis sayaca 1 10 18 1.5 0.5 SD AO

Tinamus solitarius 1 1.0 D TO Endemic
Zonotrichia capensis 1 10 6 3.0 14 1 TG
Chlorostilbon aureoventris 2 1.0 0.0 I N

Claravis pretiosa 1 1.0 D TG

Coccyzus melacoryphus 2 1.0 0.0 D MI

Colaptes campestris 8 1.1 04 1 BI

Columbina picui 1 1.0 1 TG
Coryphospingus cucullatus 3 15 07 1 uo

Crypturellus parvirostris 12 1.3 1.0 1 TO

Euphonia musica 2 20 SD F

Geothlypis aequinoctialis 2 1.0 00 I Ul

Glaucidium brasilianum 1 10 D R

Icterus cayanesis 2 10 SD AO
Lepidocolaptes squamatus 1 1.0 D BI Endemic
Megarhynchus pitangua 19 12 04 SD AO

Melanerpes candidus 1 1.0 SD BI

Molothrus bonariensis 1 10 I GO

Myiopsitta monachus 5 25 07 1 TG

Nemosia pileata 4 40 SD F

Polyborus plancus 1 10 I R

Ramphastos dicolorus 1 1.0 D F Endemic
Sicalis flaveola 1 1.0 1 AG

Taxonomy follow Altman and Swift (1993)
* Forest dependent species (D), forest independent species (I), forest semi-dependent species (SD)

b Aerial granivore (AG), terrestrial granivore (TG), frugivore (F), aerial insectivore (Al), bark insectivore
(BI), canopy insectivore (CI), midstory insectivore (MI), terrestrial insectivore (TI), understory insectivore
(UI), nectarivore (N), arboreal omnivore (AO), generalized omnivore (GO), terrestrial omnivore (TO), unde-
story omnivore (UO), raptor (R)
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