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Resumo. — Exploragdo de manchas de Anacardium por aves em aceiros no Brasil central: relagéo
entre tamanho do grupo e o tamanho da mancha. — O manejo de fogo pode aumentar a biomassa de
algumas espécies vegetais em aceiros em reservas do Cerrado. Por exemplo, numerosas e grandes
manchas de cajuzinhos-do-Cerrado (Anacardium humile, Anacardiaceae) fornecem abundantes recur-
sos para a fauna no estrato baixo de vegetagdo manejada com fogo. O objetivo deste estudo foi exami-
nar a exploragéo de A. humile por aves em campos cerrados manejados (aceiros) no Parque Nacional
das Emas, sudoeste do Brasil. A relagdo entre tamanho do grupo e o tamanho das manchas de Anacar-
dium também foi investigada. Aceiros foram amostrados em setembro e outubro de 2006, quando flores
e frutos eram abundantes. Ara ararauna foi a espécie mais freqiientemente registrada explorando recur-
sos de Anacardium. Esta e outras espécies de psitacideos (Amazona aestiva, Alipiopsittaca xanthops e
Diopsittaca nobilis) consumiram sementes quando pousadas no solo ou em gramineas ao redor das
manchas. Membros de bandos de Aratinga aurea e Ramphastos toco comeram pseudo-frutos. Os
maiores bandos registrados foram de A. aurea e A. ararauna. Grupos de A. ararauna que exploraram
manchas de maior tamanho tenderam a ser maiores do que aqueles que forragearam em manchas
menores. Este estudo sugere que interacdes intra- e inter-especificas, e caracteristicas das manchas de
Anacardium e da vegetagdo ao redor estdo envolvidas na ecologia alimentar de aves no estrato mais
baixo de campos cerrados manejados. Manchas de Anacardium em frutificacdo atraem numerosas aves
frugivoras a aceiros no Parque Nacional das Emas. Novas pesquisas sdo necessarias para melhor com-
preender a influéncia do manejo de fogo sobre aves no Cerrado.

Abstract. — Fire management can increase the biomass of some plant species at fire breaks in reserves
of the Cerrado. For example, numerous and large patches of monkey-nuts (Anacardium humile, Anacar-
diaceae) provide abundant food resources for wildlife in the lower strata of savanna woodlands managed
by fire. The objective of this study was to examine the exploitation of A. humile patches by birds in man-
aged savanna woodlands (fire breaks) at Emas National Park, southwest Brazil. The relationship
between flock size and the size of Anacardium patches were also investigated. Fire breaks were sam-
pled in September and October 2006, when fruits and flowers were abundant. Ara ararauna was often
recorded exploiting resources of Anacardium patches. This species and other psittacids (Amazona aes-
tiva, Alipiopsittaca xanthops, and Diopsittaca nobilis) consumed seeds usually on the ground around
fruiting patches. Members of Aratinga aurea flocks and Ramphastos toco consumed pseudo-fruits.
Larger flocks detected were those of A. aurea and A. ararauna. Groups of A. ararauna that exploited
larger patches tended to be larger than flocks that exploited smaller patches. This study suggests that
intra- and interspecific interactions and characteristics of Anacardium patches and of the surrounding
vegetation are involved in the feeding ecology of birds in the lower stratum of managed woodlands. Fruit-
ing Anacardium patches attract numerous frugivorous birds to fire breaks at Emas National Park. Further
research is needed to a better understanding of the influence of fire management on birds in the
Cerrado. Accepted 31 July 2009.
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INTRODUCTION

Fire is an important ecological factor in the
Cerrado, the savanna ecosystem that domi-
nates central Brazil (Coutinho 1982, Miranda
et al. 2002). Natural fire can have positive and
negative impacts on the Cerrados biota
(Miranda ez a/. 2004, Miranda & Sato 2000).
For example, plant species might have their
reproductive parts stimulated or destroyed by
fire (Coutinho 1982, Medeiros & Miranda
2008).

Although plant and animal species have
evolved simultaneously with fire in the
Cerrado, recent human activities have been
changing its influence on biodiversity (Villalo-
bos 2001, Miranda e a/. 2002). For example,
the frequency of burning of native vegetation
has partly increased as a result of annual
burning of pastures and post-harvested agri-
cultural fields to renew or eliminate parts of
exotic vegetation. To avoid the spreading of
wild fires originating in land adjacent to
nature reserves, park managers have estab-
lished a fire management in several protected
areas since the 1990s (Ramos Neto & Pivello
2000, Pivello 20006). The most common prac-
tice of fire management is the maintenance of
fire breaks — bands of woodland or grassland
vegetation that are burned every 1-2 years to
act as barriers to stop fire spreading within
reserves (Pivello 20006, Franca ez al. 2007).

Despite substantial knowledge about veg-
etation response to fire, the responses of ani-
mals to fire management in the Cerrado
remain poorly known (Coutinho 1982,
Miranda ez al. 2002, 2004). Studies on birds
are lacking, as investigations involved only
natural or accidental fire (Marini & Cavalcanti
1996, Cavalcanti & Alves 1997). Thus, the use
of fire breaks by avian visitors remains not
investigated in the Cerrado, despite the avail-
ability of numerous food resources in these
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recent landscape elements. For example,
patches of the
bumile, Anacardiaceae) are major components

monkey-nut  (Anacardium
of the herbaceous layer of fire breaks at Emas
National Park (pers. observ). These plants
usually provide large quantities of flowers,
succulent pseudo-fruits, and dry fruits during
nearly three months of the year (August to
October) in this nature reserve. Despite this
high food offer, its use by birds has not been
examined in detail.

The objective of this study was to investi-
gate the exploitation of _A. humile by birds in
savanna woodlands managed for fire control
at Emas National Park, southwest Brazil. The
feeding habits and flock sizes of bird visitors
to flowering and fruiting patches (hereafter
called ‘Anacardium patches’) were examined.
For species with sufficient records I also
tested the hypothesis that flock size would
increase with the increasing size of Anacar-
dium patches due to a higher availability of
food resources which might attract more
birds (Galetti 1997, Renton 2001, Ragusa-
Netto 2004). Results are discussed in view of
the ecology of birds feeding in open wood-
lands.

METHODS

Study area. This study was conducted from
September—October 2006 at Emas National
Park, a 132,000 ha reserve located in south-
west state of Goias, southwest Brazil (18°02°S,
52°51°W), in the central portion of the Cer-
rado region (Eiten 1972, Oliveira & Marquis
2002). Most of the park consists of flat table-
land and elevations range from 720 to 900 m
(Franca et al. 2007). Grasslands and wood-
lands are the main matrix types and cover
most of the upland. The northwest and
southeast portions of the park were sampled
as they comprise 3500 ha of mosaics of



savanna woodlands (campos cerrados) and grass-
lands (campos sujos) crossed and surrounded by
unpaved roads.

The regional climate is tropical and
strongly seasonal, with well defined dry and
wet seasons (Assad 1994). Dry seasons occur
between May and September. Most of the
annual precipitation falls between October
and March. Annual rainfall ranges between
1200 and 2000 mm. Temperatures may fall to
0°C in Austral winter and reach up to 40°C in
summer (Assad 1994). Fires in the patk can be
natural or human-induced (Ramos Neto &
Pivello 2000, Franca ez a/. 2007). Management
of fire is basically restricted to the mainte-
nance of fire breaks (aceiros), bands of grass-
lands or woodlands adjacent to unpaved
roads. Fire breaks are usually burned in the
early dry season (June) every 1-2 years in
attempt of containing the spread of dry sea-
son fires originating in adjacent farmlands
(Franca ez al. 2007).

Study sites. Fire breaks were 20 to 80 m wide
strips of managed savanna woodlands located
between two unpaved roads. The study sites
were dominated by capin flecha grass (Tristachya
leiostachya Ness). In most fire breaks, capim
flecha and other grasses were 10-25 cm high,
as partk managers burned them in June 2005.
At a few fire breaks (not burned in 2005 and
2000), the height of capim flecha was about 70
cm. Further information on woodlands and
fire breaks was provided by Castro & Kauff-
man (1998) and Franca ez a/. (2007).

Observations. Foraging birds were searched
within 14 km of fire breaks in mornings
(09:00—-10:30 h) and afternoons (15:30-17:30
h) on 18 days in September and October
2006. Thus, sampling involved 63 h of sur-
veys/observations. Bird flocks were located
by walking along fire breaks or driving a vehi-
cle through roads adjacent to them. Whenever
possible, food items of foraging birds were
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identified through direct observation. Each
flock found was observed for up to 7 min.
Subsequently, I approached a flock by walking
to induce their take off. When they flew away,
I determined the exact flock size as birds hid-
den in the vegetation also were detected.
However, only monospecific flocks exploiting
exclusively Anacardium patches were consid-
ered. After leaving a foraging site, birds were
not followed.

Measurement of vegetation. The size of Anacar-
dium patches was estimated through the direct
measurement of the dimensions (radius, or
width x length) of an area occupied by one
patch (Sutherland 1998). Anacardium patches
occurred as homogeneous and compact areas
of vegetation with nearly circular, elliptical, or
rectangular shapes. They usually measured
30—40 cm in height. These estimates of patch
size occurred in two situations. First, the size
of the patch where all or most flock members
were foraging was estimated (= “size of the
main patch”). Secondly, the size of all Anacar-
dium patches located within 10 m from the
centre of a flock (only applied to A. araranna)
was estimated. In this case, the area of each
patch was measured individually, and then
summed (= “size of patches”). These esti-
mates of patch size were rounded to whole
numbers.

Analyses. The number of individuals found in
a monospecific group of feeding birds was
called flock size. The detection of a lone bird
or a monospecific group was considered as a
single record. For species with enough
records, the relationship between flock size
and the size of Anacardium patches was exam-
ined in two situations: 1) the size of the main
patch and 2) the size of patches. These two
linear correlations were run considering the
Pearson coefficient and using BioEstat 2.0
(Ayres et al. 2000). A level of significance of
5% was considered in this study.
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RESULTS

Bird species, flock size, and foraging resources. Six
species were recorded exploiting resources of
Anacardium patches. Five of them were mem-
bers of the Psittacidae: the Blue-and-yellow
Macaw (Ara araranna), the Peach-fronted Pat-
akeet (Aratinga aunrea), the Blue-fronted Parrot
(Amazona aestiva), the Yellow-faced Parrot
(Alipiopsitta xanthops) and the Red-shouldered
Macaw (Digpsittaca nobilis). Additionally, the
Toco Toucan (Ramphastos toco, Ramphastidae)
was recorded. The species most often seen
feeding on _Anacardium patches was A.
araranna, totalling near 75% of all feeding
events. Records of other species were sub-
stantially less numerous (Fig. 1).

The largest monospecific flocks exploit-
ing Anacardinm patches included A. ararauna
and A. aurea, with up to 32 and 46 individuals,
The flocks of A.

ararauna included only two birds, while those

respectively. smallest
of A. awrea comprised at least six members.
Flocks of other species had < 16 birds, and R.
toco was the only species to occur solitary (Fig:
2).

Bird species used the resources of Anacar-
dium patches in different ways. Members of
A. ararauna flocks always landed on bare
ground or on grasses around _Anacardinm
patches to gather their fruits. Individuals of
A. ararauna rarely were detected within these
dense patches of vegetation. Some macaws
perched on shrubs, short trees, or termite
nests after obtaining a branch bearing fruits.
Seeds were the only resource eaten by this
macaw species. The mid-size species (A. aes-
tiva, A. xanthops, and D. nobilis) were seen for-
aging for seeds on the ground of fire breaks.
Some left the surroundings of _Anacardium
patches with a single fruit in the bill. In other
cases, feeding members of A. aurea groups
gathered pseudo-fruits while walking on the
ground or perching on branches of _Anacar-
dium plants or nearby shrubs. Individuals of
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A. anrea were only observed eating pseudo-
fruits. Some of them took a pseudo-fruit with
the bill when leaving a feeding site. The only
R. foco detected was on the ground while swal-
lowing an entire pseudo-fruit. The consump-
tion of flowers of Anacardinm patches was not
recorded.

Size of Anacardium patches. Only Ara araranna
had statistically sufficient records to verify the
relationship between group size and patch
size. The size of Anacardium patches and the
size of macaw flocks were recorded in 22 of
41 feeding events (Figs. 3, 4). These flocks
included 2-31
between flock size and the size of the main

macaws. The correlation
patch was positive, strong, and highly signifi-
cant (Pearson r = 0.614, df = 20, P = 0.002).
The correlation between flock size and the
size of patches within 10 m from the flock
centre was weaker but still significant (Pear-
son r = 0.487, df = 20, P = 0.02). Thus, the
size of feeding groups was more related to the
main patch of A. humile than to the area of
these patches within 10 m from the centre of
A. araranna flocks (Figs. 3, 4).

DISCUSSION

Bird species, flock sige, and foraging resources. My
study is the first to identify Anacardinm humile
as part of the diet of the six species recorded.
Although Bianchi ez a/. (2000) observed the
consumption of _Anacardium tresources by
psittacids in the Cerrado, bird species were
not informed. In addition, during a detailed
study of the feeding habits of Rampbhastos toco
at Emas National Park no exploitation of A.
bumile was observed (Ragusa-Netto 2008).
There may be two reasons for the absence of
records of A. humile as feeding plant of the six
species in the Cerrado. First of all, most
detailed studies of fruit and seed consump-
tion by birds in the Cerrado involved exclu-
sively trees or high shrubs in woodlands (e.g,,
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FIG. 1. Number of bird visits to Anacardium patches in savanna woodland fire breaks at Emas National

Park, Brazilian Cerrado (September—October 2000).

Rojas & Ribon 1997, Melo 2001, Ragusa-
Netto 2006). Secondly, no studies on feeding
birds have been carried out at fire breaks
(pers. observ.). It is likely that further observa-
tions of Anacardium patches in unmanaged or
managed vegetation reveal more species that
feed on these resources in the Cerrado. The
exploitation of A. humile by the six species
recorded in my study has also not been
observed in other regions as documented by
major reviews on their biology (Forshaw
1989, Del Hoyo ez al. 1997, Sick 1997, Juniper
& Parr 1998).

Information on the group size of feeding
birds in the Cerrado is scarce (Macedo 2002,
Pizo 2002). For example, Antas & Cavalcanti
(1988) reported sizes of flocks of the same
parrot species as recorded in my study to
reach dozens of individuals. However, they
referred to flying birds. The lack of informa-
tion for adequate comparisons highlights the
scarcity of data on the size of bird flocks usu-

ally recorded in studies of the feeding ecology
of birds in the Cerrado.

Foraging groups of A ararauna had
between 2 and 34 individuals in managed
savanna woodlands. Studies on this species in
the Cerrado reported feeding groups of four
to eight macaws in veredas (Villalobos 1994),
two to six macaws in a forest remnant
(Ragusa-Netto 20006), and single individuals in
savanna woodlands (Faria ez a/. 2007). Thus,
group sizes of some flocks in my study are the
largest recorded to date in the Cerrado. As
these studies provided only brief comments
on the sizes of flocks, my study is the first to
examine factors which influence variation in
size of A. ararauna feeding flocks.

Flock size and patch size. The results are in
agreement with my hypothesis that flock size
would increase with the size of A. humile
patches in managed woodlands. Several fac-
tors might be involved in this pattern. To for-
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FIG. 2. Sizes of feeding flocks of psittacids exploiting resources of Anacardium patches at Emas National

Park, Brazilian Cerrado (September—October 2006).

age for Anacardinm seeds, macaws landed on
grass adjacent to fruiting patches. Thus, they
usually kept distances of 10-300 cm from
each other around the patches. Due to longer
perimeters, larger patches permit a more
spread distribution of feeding macaws than
smaller patches. Due to increased competi-
tion for food access (Delestrade 1999), small
patches of Anacardinm would not provide suit-
able space for large groups of macaws. Thus,
small patches were visited only by small
groups. Exploitation of small patches by small
flocks might increase the probability of forag-
ing on patches not previously exploited by
large groups of macaws.

The flock size of feeding macaws was
more related to the main Anacardium patch
than to the area occupied by this plant species
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within a citcumference of 10 m ratio from the
centre of the flock. This might have occurred,
in part, because most macaws of a given flock
tended to forage on a large Anacardinm patch
when landing on woodlands. Higher amounts
of Anacardium plants in a given site might
increase the attraction of macaws. The detec-
tion of food sources themselves might be in-
creased by the yellow or orange colours of
pseudo-fruits that make Awacardium patches
highly conspicuous to straggling bird flocks.
Patches could be detected by myself even at
distances > 100 m and might be easily detec-
ted by macaws during flight.

Trees and shrubs provide perches above
the grass for sentinel members of flocks.
Maned Wolves (Chrysocyon brachynrus) occa-
sionally prey on psittacids in the Cerrado (Jua-
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FIG. 3. Relationship between flock size and size (m?) of main patches of Anacardinm humile exploited by
Ara araranna flocks in savanna woodland fire breaks at Emas National Park, Brazilian Cerrado (Septem-

ber—October 2000).

rez & Marinho 2002) and I recorded this
carnivore several times in fire breaks during
the sampling period. The presence of senti-
nels perched on trees and shrubs might
decrease the probability of successful attacks
by wolves on macaws located in the lower
strata of woodlands. Due to this and other
predation threats, it might be more appropti-
ate for macaws to forage in larger rather than
smaller flocks. Collective anti-predatory vigi-
lance and threat detection tend to be higher in
larger groups of foraging birds rather than in
smaller ones (Pulliam 1973, Lima & Zollner
1996). As individual vigilance levels tend to
decrease with increase in group size, birds can
spend more time feeding in larger rather than
smaller flocks (Elgar 1989, Beauchamp 2003,
Fernandez ¢t al. 2003). Thus, macaws might
try to form larger rather than smaller groups
when foraging in woodlands. On a few occa-

sions, I could observe 2-3 flying macaws join-
ing mid-size or large groups that were
foraging at fire breaks.

Ouwerview of foraging use of fire breaks by birds. At
Emas National Park, woodlands managed for
fire control provide suitable foraging condi-
tions for some frugivorous bird species. This
is suggested by frequent visits to Anacardium
patches and a wide range of flock sizes of
feeding birds. Besides aspects of vegetation,
intra-specific interactions and predator threats
appear to be involved in the formation, cohe-
sion, and movements of bird flocks in wood-
lands. Further studies on behavioral aspects,
including detailed investigations of foraging
activities (e.g., Delestrade 1999, Beauchamp
2004, Sirot 20006), would contribute to a better
understanding of the biology of feeding bird
flocks in the Cerrado.
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FIG. 4. Relationship between flock size and size (m?) of patches of Anacardinm humile within 10 m from the
centre of the Ara ararauna flock in savanna woodland fire breaks at Emas National Park, Brazilian Cerrado

(September—October 2000).
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