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ABSTRACT

The effects of fire on the composition of a bird community were investigated in an Amazonian savanna
near Alter-do-Chao, Pard (Brazil). Mist-net captures and visual counts were used to assess species richness
and bird abundance pre- and post-fire in an approximately 20 ha area. Visual counts along transects were
used to survey birds in an approximately 2000 ha area in a nearby area. Results using the same method
of ordination analysis (multidimensional scaling) showed significant effects of fire in the 20 ha and
2000 ha areas and strongly suggest direct effects on bird community composition. However, the effects
were different at different spatial scales and/or in different years, indicating that the effects of fire vary
spatially and/or temporally. Bird community composition pre-fire was significantly different from that
found post-fire. Using multiple regression analysis it was found that the numbers of burned and unburned
trees were not significantly related to either bird species richness or bird abundance. Two months after the
fire, neither bird species richness nor bird abundance was significantly related to the number of flowering
trees (Lafoensia pacari) or fruiting trees (Byrsonima crassifolia). Since fire is an annual event in Alter-do-
Chdo and is becoming frequent in the entire Amazon, bird community composition in affected areas could
be constantly changing in time and space.
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RESUMO
Efeitos do fogo na composicao da comunidade de aves em uma Savana amazonica brasileira

Os efeitos do fogo na composicido da comunidade de aves foram estudados em uma savanna perto de Alter-

do-Chao, Pard, Brasil. Capturas usando redes ornitoldgicas e contagens visuais foram usadas para amostrar
a riqueza de espécies e abundancia de aves antes e depois do fogo em uma drea de aproximadamente
20 ha. Contagens visuais ao longo de transectos foram usadas para amostrar aves numa drea vizinha
de aproximadamente 2000 ha. Resultados usando os mesmos métodos de andlise de ordenagdo
(escalonamento multidimensional) mostraram efeitos significativos do fogo nas dreas de 20 ha e
2000 ha, e sugerem fortemente que houve efeitos diretos do fogo na composi¢do da comunidade de aves.
Entretanto, os efeitos foram diferentes nas diferentes escalas espacias e ou anos, indicando que os efeitos
do fogo variam espacialmente e ou temporalmente. A composicdo da comunidade de aves antes do fogo
foi significativamente diferente daquela depois do fogo. Andlise de regressdo multipla indica que o nimero
de 4rvores queimadas e ndo queimadas ndo foi significativamente relacionado a riqueza de espécies ou a
abundancia de aves. Dois meses depois do fogo, nem a riqueza de espécies nem a abundancia de aves foram
significativamente relacionadas ao niimero de arvores florindo (Lafoensia pacari) e arvores frutificando
(Byrsonima crassifolia). Como o fogo € um evento anual em Alter-do-Chio, e estd se tornando frequente
na Amazonia, as comunidades de aves em dreas afetadas pelo fogo podem estar mudando constantemente
no tempo € no espacgo.

Palavras-chave: fogo, savana, Amazonia, aves, comunidade.
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INTRODUCTION

In northern Brazil, Amazonian-type savannas
(Huber, 1982) occur as “islands” of different
sizes in a matrix dominated by Amazonian
rainforest (Prance & Lovejoy, 1985). Only two
studies specifically on species composition and
reproductive phenology of the bird community in
Amazonian savanna have been made (Cintra, 1997,
Sanaiotti & Cintra, 2001). Most of the other studies
on birds in these areas have either consisted of lists
(Riker & Chapman, 1891; Novaes, 1978; Moskovits
etal., 1985; Stotz, 1997) or described distributional
patterns (Silva efal, 1997). However, in the
central plateau of Brazil many studies of savanna
birds have been carried out (Negret & Negret,
1981; Negret et al., 1984; Sick, 1985; Silva, 1995;
Cavalcanti & Pimentel, 1988; Cintra, 1988; Alves
& Cavalcanti, 1996; Cintra et al., 1990; Marini
et al., 1997; Macedo, 2002).

Savannas, which are wintering sites for
neotropical austral and nearctic migrant birds
(Negret & Negret, 1981), represent one quarter of
the Brazilian land mass. However, only 1.2% of
them are in protected areas (Myers et al., 2000).

In the environment surrounding the village
of Alter-do-Chéo, Para, Brazil, fire occurs in the
savanna annually at the end of the dry season
(October-November), and in the Amazon region,
induced fire incidence is increasing. In March 1998
more than one thousand fire sites were detected by
satellite images in the State of Roraima, of which
one quarter was burned, including 55.6% of the
savanna and about 7.4% of the forests (Barbosa
and Fearnside, 1999).

Since precipitation is higher in neighboring
forested areas than it is in the Brazilian savannas,
a debate exists on whether the latter are man-made
or produced by local climate and soil conditions
(see Coutinho, 1982). However, few studies have
examined how the direct effects of abiotic factors
(fire) or indirect effects of biotic factors (herbivory,
predation, and competition) could influence plant
and animal populations in this system.

Many tree species in the savanna not only
survive annual fires but are probably adapted
to them (Coutinho, 1982). Fire affects plant
community dynamics by changing phenological
behavior, with some shrub species flowering or
fruiting two months after the normal period in
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years with fire (Sanaiotti & Magnusson, 1995).
Furthermore, annual fires may act as a stochastic
process, resulting in local species extinction and
facilitating colonization by invaders from heavily
disturbed areas (Barlow et al., 2002; Cintra &
Sanaiotti, unpubl. data).

Although many studies are available about the
effects of fire on Brazilian savanna vegetation, few
focus on its consequences in animal communities.
Furthermore, most studies have been conducted
in savannas of the central plateau and southern
Brazil (Araujo et al., 1996; Lousada et al., 1996;
Cavalcanti & Alves, 1997) as opposed to those
conducted in Amazonian savannas (Magnusson
et al.,2001).

In this study, we describe the effects of fire
on the bird community at Alter-do-Chao. We in-
vestigated 1) whether there are significant changes
in local bird species composition after fire; 2) how
damage produced by fire (burned trees) is related
to intact resources (unburned trees), and bird
abundance and richness; 3) whether the variation
in abundance of flowering and fruiting trees is
related to bird abundance or species richness; and
4) whether the post-fire effects on bird community
composition present the same pattern at small and
large spatial scales and between years.

MATERIALS AND METHODS

The study was carried out during September
1996, November 1996, and February 1997. At
a small scale (~ 20 ha), birds were netted in an
approximately 3 km long and 1-2 km wide savanna
area located on a peninsula on the right margin
of the Tapajés River near the village of Alter-do-
Chao (2°31” S, 55°00° W), Para. At a larger scale,
visual counts were carried out in five 3.75 ha plots
in an approximately 2000 ha area adjacent to the
peninsula. The whole savanna area in the land
around the peninsula covers about 10,000 ha. The
vegetation in the areas surveyed is dominated by
a herbaceous stratum, principally of the grasses
Paspalum carinatum and Trachypogon plumosus,
interspersed with small patches of trees and shrubs.
The soils in the area are mainly sandy and all areas
surveyed were on such soils. Two thirds of the
annual rainfall (mean = 2192 mm) occurs between
January and June (Miranda, 1993).
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Bird Surveys

We used two different survey methods for
birds. At a 20 ha scale, we captured birds using
mist nets. We surveyed them both visually and
by their calls along four 500 m parallel transects,
500 m apart, two of which were in the burned area;
the other two were located in an unburned site 1 km
from the 20 ha area (see below). We have worked
in this area for 12 years and we are familiar with all
species present.

At a scale of 2000 ha, we surveyed birds
along two parallel 250 m transects located
150 m apart in each of five plots distributed
randomly within the area. The area between the
transects in each plot was 3.75 ha.

The sample unit for mist netting was a
250 m net line composed of twenty 12 m long, and
2.3 m high mist nets of 36 mm nylon mesh, which
were suspended in continuous straight lines, with
the bottom of the lower shelf touching the ground.
During five consecutive days we ran 250 m net
lines (one line each day) that created a grid within
an approximately 20 ha area. This procedure was
carried out in September 1996 (about two months
pre-fire) and was repeated in February 1997 (about
two months post-fire) with the net line placed in
exactly the same sites each time. The fire went
through the area on November 10, 1996.

The study was conducted during an El Nifio
event and the local climate was less seasonally
marked (in 1996-1997 the wet season was drier than
usual). The nets were usually opened from 06:00 to
09:00 and from 16:00 to 18:00 h. We changed the
net line position every day. Colored plastic bands
and numbered aluminum rings (both furnished by
CEMAVE-IBAMA, Center for Migrant Bird Study,
Brasilia) were attached to mist-netted birds after
identification based on the work of either Meyer
de Schauensee (1970) or Ridgely & Tudor (1994a,
1994b),

Surveys along the 500 m transects located
within the 20 ha area (54° 96’ 24” N and
2°48’89” W) were conducted by RC, who is
familiar with all species in the area. All birds seen
or heard at observation points distributed at 50 m
intervals along the transects were registered. To
avoid counting the same bird twice, RC spent a
maximum of 2 minutes counting all birds within a
10 m radius of each observation point.

Researchers use a variety of methods to
survey birds, with correspondingly varied results
(Gibbons et al., 1996). Conclusions may also be
scale-specific (Peterson & Parker, 1997). We opted
for a survey method based on a larger spatial scale
and carried out in different years to see whether
our conclusions could be generalized, i.e., not
restricted to the methods and scale of the first part
of the study.

At the larger spatial scale, RC also did
the bird surveys in five plots within the 2000 ha
study area. The sampling units were 3.75 ha plots
(150 x 250 m), most of them about minimum 1 km
apart. Respective geographical coordinates are as
follows: plot 1, 54° 93° 70” N and 2° 49’ 16” W;
plot 2, 54° 93* 20” N and 2° 49° 21” W; plot 3,
54°93 45” N and 2° 48 49” W; plot 4, 54° 93’
27” N and 2°49°84” W; plot 5, 54° 92°11” N and 2°
49°45” W. Within each of the five plots, birds were
counted, usually from 06:00 to 09:00 and from 16:00
to 18:00 h, every 50 m along two 250 m transects,
with a 2 minutes maximum spent at each observation
point, during which the observer recorded all birds
seen and heard within a 10 m radius. One survey was
conducted in November 1997 (pre-fire) when the
vegetation in the plots was still intact; the other was
carried out in January 1998 (two months post-fire)
when the plots were completely burned.

The effects of vegetation on birds

To describe tree species composition, we sur-
veyed 10 quadrats (10 x 10 m) within the 20 ha area.
In each, we measured trees with diameters > 5 cm
at 30 cm above the ground. Relative frequency,
relative dominance, and absolute frequency were
calculated using the FITOPAC statistical pack
version II (unpublished, G. Shepard, Universidade
de Campinas, Brasil). Samples of all tree species
are deposited at the INPA herbarium in Manaus
and have been identified by specialists.

In this study we investigated whether the
effects of fire on variation in abundance of natural
resources available for perching (unburned and
burned trees) and for feeding (flowering and
fruiting trees) would ultimately affect local bird
species richness (the total number of bird species
recorded) and abundance (the total number of
individuals recorded). Initially, we counted all
burned and unburned trees within a 10 m radius
of observation points spaced 50 m apart along
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the same two parallel 500 m transects within the
20 ha used for bird censuses. We also counted all
flowering and fruiting trees within a 10 m radius of
observation points spaced 50 m apart along those
same 500 m transects.

The number of Byrsonima crassifolia
fruiting trees and that of flowering Lafoensia
pacari trees (the only tree species flowering and
fruiting at that time) were censused only about
2 months post-fire in four 500 m transects: two in
the burned area (within the 20 ha area) and two in
a neighboring unburned area 1 km distant from the
20 ha area. We used the numbers for fruiting and
flowering trees as indices of food resource. Since
flowering plants attract insects, and insects attract
insectivorous birds, this particular food availability
index is probably valid for both frugivorous and
insectivorous birds.

Statistical analysis

Because of the difference in techniques used
to survey birds and plants, several statistical tests
were used to investigate the effects of fire on bird
species composition. Tests were conducted to
detect changes in bird community composition
both two months pre-fire and two months post-fire.
We constructed a quantitative data matrix which
represented 29 species captured in the mist nets
two months before, and two months after the fire.
Differences in bird species composition in sample
units pre- and post-fire were described by semi-
strong hybrid multidimensional scaling (MDS) of
the PATN program (Belbin, 1992) using the Bray-
Curtis dissimilarity measure. The Bray-Curtis
index is calculated according to the formula:

D=S|D,-D,|/S{D,-D,}

where: D, = the data value for the i" row and k"
column of the data matrix; Djk = the data value for
the j row and k™ column of the data matrix.

This index has been recommended for use in
bird-community and ecological studies (Minchin,
1987; MacNally, 1994). The MDS was used to
generate a single ordination of sites, within the
periods before and after fire, based on the Bray-
Curtis distance matrix. The same methods were
used to compare bird community composition
at a larger spatial scale (2000 ha). Multivariate
analysis of variance (Manova), available in
Systat 8.0 (Wilkinson, 1998), was used to test
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whether there were significant differences in bird
community composition in the periods before and
after fire. This analysis was performed for each
spatial scale separately. Score values (dimension
1 or MDS1, and dimension 2 or MDS2) resulting
from the MDS ordination were used together as
dependent variables in each Manova model. Data
on vegetation was used to test whether bird species
richness or abundance was related to the number
of unburned and burned trees or the number of
flowering (Lafoensia pacari) and fruiting trees
(Byrsonima crassifolia).

A posteriori Pillai-Trace test was used to
verify whether MANOVA would reveal significant
differences among periods pre and post-fire of small
and large spatial scale. The Pillai-Trace statistics
has been shown to be less sensitive to deviations
from assumptions than other multivariate statistics
(Johnson & Field 1993, Olson 1976).

RESULTS

The most common tree species in the 20 ha
area were Lafoensia pacari (26.7% of all individuals
in the ten 10 x 10 m plots). Qualea grandiflora
(17.8%), Byrsonima crassifolia (13.3%), B.
coccolobifolia (11.1%), Salvertia convallariodora
(6.7%), and Pouteria ramiflora (4.4%) accounted for
most of the other individuals. The same six species
have also been found to be abundant in most of the
peninsula. However, birds generally only eat fruits
of the two species of Byrsonima (RC, unpubl. obs).

Effects of fire on vegetation

The numbers for unburned and burned trees
were not significantly related to bird species
richness (multiple regression analysis, partial
regression, burned trees, T = - 0.728, n = 22,
p = 0.476; partial regression, unburned trees,
T=0.783,n=22, p=0.443) nor to bird abundance
(partial regression, burned trees, T = - 0.857;
n = 22, p = 0.402; partial regression, unburned
trees, T = 0.739, n = 22, p = 0.469). Data on birds
and on burned and unburned trees used in these
analyses are presented in Appendix 1.

Two months after the fire neither the number
of flowering trees (Lafoensia pacari) nor the
number of fruiting B. crassifolia trees within the
burned area were significantly related to either
bird species richness (multiple regression analysis,
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partial regression, flowering trees, T = 0.615,
n =22, p = 0.546; partial regression, fruiting trees,
T =-1.032, n =22, p=0.315) or bird abundance
(partial regression, flowering trees, T = 0.079,
n =22, p = 0.938; partial regression, fruiting trees,
T =- 1958, n = 22, p = 0.065). Data on birds
and trees used in these analyses are presented in
Appendix 2.

In the unburned area, the abundances of
flowering and fruiting trees were significantly cor-
related; therefore, they were analyzed in separate
simple regression models. The results follow: the
number for flowering trees (Lafoensia pacari)
and that for fruiting B. crassifolia trees were not
significantly related to bird species richness (simple
linear regression: flowering trees, r*> = 0.045,n =22,
p = 0.345; simple linear regression: fruiting trees,
2 = 0.151, n = 22, p = 0.074). The relationships
between numbers for flowering and fruiting
trees were also not significantly related to bird
abundance (simple linear regression: flowering

trees, r> = 0.015, n = 22, p = 0.582; fruiting trees,
r’=0.086,n =22, p=0.184).

Effects of fire on bird community composition

At the small (20 ha) spatial scale of this
study, the MDS suggests that the bird species
composition based on the mist-net data captured
two months post-fire is very different from the
bird community composition two months pre-fire
(Table 1, Fig. 1). The ordination of the sample units
in 2 dimensions by MDS indicated highly signifi-
cant differences between the periods two months
before and two months after the fire (Manova, Pillai
Trace = 0.782; p = 0.005). Direct ordination of
bird species along the axis that separated burned
from unburned plots (orthogonal to the line in
Fig. 1) indicated that most species showed strong
responses to the fire (Table 1). Two species
(Elaenia flavogaster and Elaenia cristata) showed
consistent changes associated with passage of fire.
Thraupis episcopus occurred mostly in the burned
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Fig. 1 — Results of multidimensional scaling (MDS) used to generate ordination of sites of bird capture both pre- and
post-fire (two months before fire: open circles; two months after fire: filled circles; see methods) based on the Bray-Curtis
distance matrix (see methods). Bird community composition changed after the fire. Each circle represents a sampling unit
consisting of 20 mist nets (one net line) at a small spatial scale (20 ha). In this figure the closest the circles the more similarity

exist among the bird communities.
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areas whereas at the small spatial scale Myiarchus
tyrannulus was found only pre-fire (Table 1).

At the large spatial scale (2000 ha) the results
confirmed patterns found for bird community
composition at the small scale (Table 1). The
ordination of the sample units by MDS also
showed significant differences in bird community
composition between the periods before and two
months after the passage of fire (Manova, Pillai
Trace = 0.744; p = 0.008). Differences between
time periods were captured principally along
MDS?2 (Fig. 2). Some bird species such as Tyrannus
albogularis, Chordeiles acutipennis, Aratinga
aurea, Nystalus maculatus, Elaenia cristata, and
Lepidocolaptes angustirostris were more abundant
post-fire. Pre-fire, Vireo olivaceus, Cyclarhis
gujanensis, Eupetomena macroura, and Elaenia
chiriquensis had been more common (Table 1).

DISCUSSION

Since bird community composition before
the fire was significantly different from that after
the fire both at a small (within a 20 ha area) and
large spatial scale (2000 ha). The results of this
study strongly suggests direct post-fire effects on
bird community composition and structure.

While some of the changes attributed to
fire may be due to normal seasonal changes in
community composition, during the study the area
was affected by an El Nind climatic event. The
result was weakened seasonal effects in a climate
already experiencing little seasonal alteration, with
apparently no strong seasonal repercussions on
species composition, as far as we have noted after
years of observing local birds.

In the 20 ha area, the abundance of
some mainly insectivorous bird species such as

2 T T
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O O
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Fig. 2 — Results of a multidimensional scaling (MDS) used to generate ordination of sites in which birds were recorded pre-
and post-fire (two weeks before fire: open circles; two months after fire: filled circles; see methods) based on the Bray-Curtis
distance matrix (see methods). Bird community composition changed after the fire. Each circle represents a sampling unit,
i.e., a 3.75 ha plot (two 250 m transects within the plot) at a large spatial scale (2000 ha). In this figure the closest the circles

the more similarity exist among the bird communities.
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Myiarchus tyrannulus, Formicivora rufa (this
species changed little at a large spatial scale), and
F. grisea decreased, while species such as Thraupis
episcopus increased post-fire (Table 1).

At the small spatial scale some canopy
nectarivores, e.g., the hummingbird Eupetomena
macroura and the canopy seed and fruit eater
Tangara cayana were apparently not affected
by the fire event, while at a large spatial scale,
Tangara cayana tended to increase in abundance
whereas Eupetomena macroura disappeared from
the burned areas (Table 1). This may be because
most tall trees did not burned, although we
recorded canopy burning at up to 10 m for several
tree species in the area (Bowdichia virgilioides,
Byrsonima crassifolia, Salvertia convallariodora,
Himatanthus fallax, and Pouteria ramiflora).
Results for some bird species, such as Tangara,
that increased in abundance seem to be habitat-
independent. A recent study found that arboreal
granivorous birds were more abundant after a
ground fire passed in a forest area on the left margin
of the Tapajos River (Barlow et al., 2002).

At the large spatial scale bird species such
as Tyrannus albogularis, Chordeiles acutipennis,
Aratinga aurea, Nystalus maculatus, Elaenia
cristata, and Lepidocolaptes angustirostris were
more abundant post-fire passage (Table 1). The
apparent increase in Ammodramus humeralis
occurred only in one area and may have been due
to the drastically reduced cover and, therefore,
greater visibility in that area of this ground-
dwelling species. This may also be partially true
for such arboreal frugivorous birds as Aratinga
aurea, which increased regionally in abundance
post-fire (Table 1).

At the small spatial scale, some birds, e.g.,
Nystalus maculatus, that forage and build their
nests in burrows or on the soil surface showed
reduced densities and some disappeared from the
burned areas (Table 1). However, at the large spatial
scale this species increased in abundance post-
fire (Table 1). This may be because they follow
invertebrate colonization on the newly sprouting
plants.

Ground-walking bird species may use
unburned forest edges as refuges from fire (R.C.,
pers. obs.). Even birds with limited flight capacity,
e.g., such as tinamous, were seen flying over 2 m
high flames (R.C., pers. obs.). In the savanna itself,

unburned areas are available for use as nesting
sites for species such as Nystalus maculatus, which
nests underground in a tunnel; Aratinga aurea,
which nests in termite nests; and woodcreepers,
which nests in tree holes, may escape fire damage
(R.C., unpubl. data). As an example, abundance
of Myiarchus ferox changed little post-fire. In
contrast, Myiarchus tyrannulus, which use tree
holes, disappeared from the 20 ha area, but there
was little effect on their abundance at the 2000 ha
scale. In addition, an active nest with two nestlings
of Myiarchus tyrannulus was found in a tree hole
2 m above the ground in November 1997 just a few
days post-fire.

By way of comparison, in the heath vegetation
of western Australia, only 59% of adult female
western thornbills attempted to nest in a post-fire
season. At least two bird species (a scrubwren and
a honeyeater) did not nest for two years post-fire,
with another species (Acanthiza apicalis) not
nesting for up to five years (Brooker & Rowley,
1991). Fire was also found to decrease bird species
richness in coastal sage scrub (Stanton, 1986) and
in the savannas of the central plateau of Brazil
(Cavalcanti, 1988). In a site near Brasilia, banded
birds were tracked pre- and post-fire, and only
three species (white-banded tanager, narrow-billed
woodcreeper, and suiriri flycatcher) were recorded
post-fire (Cavalcanti, 1988; Alves & Cavalcanti,
1996).

In a lizard community in Brasilia, Araujo
et al. (1996) found that less than a third of the
six local lizard species were fire-tolerant and
colonized unoccupied sites after burning. The
authors suggested that fire is an important factor
in maintaining local species richness through gap
colonization by resident species. On the other hand,
they found that burning large areas drastically
reduced species richness. Although we believe
this may occur with some bird species, the same
cannot be said for all community members because
of different degrees of fire tolerance in some
bird species and possible flight to neighboring
unburned areas. Since the majority of insectivorous
bird species in the area depend on the vegetation
for perching and foraging, fire decreases habitat
quality for permanent resident bird species as it
dramatically decreases vegetational structural
heterogeneity and, therefore, foraging opportunities
(Stanton, 1986; Cintra, 1997; Barlow et al., 2002).
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In a forested area located on the other side of the
Tapajos River, Barlow et al. (2002) found that
insectivorous birds from different guilds (such
as ant followers, dead-leaf gleaners, and arboreal
sallying insectivores) were the most negatively
affected after fire in the forest.

An indirect effect of fire on bird community
composition may also result from its negative
impact on the invertebrate community. Fire can
reduce significantly the abundance of some dung
beetle (Scarabaeidae) species (Lousada et al.,
1996) and some arboreal ant species (Cephalotes,
Crematogaster, Azteca, Zacryptocerus, and
Pseudomyrmex) (Naves, 1996). Although birds
do not usually feed on ants, the distribution and
abundance of many other arthropods (spiders,
caterpillars, butterflies, beetles) can be affected
negatively by ant presence and abundance
(Halaj et al., 1997).

The timing of fires is also significant.
Because most fire events start in the middle of
the dry season when the majority of bird species
begin breeding (Sanaiotti & Cintra, 2001), bird
population recruitment could be affected negatively
by a reduction both in safe nesting sites and food
supplies (Howe & De Steven, 1979; Sanaiotti &
Magnusson, 1995). However, this possibility in the
area studied has yet to be investigated.

Unfortunately, forest burning is also increasing
at high rates within large areas immediately
surrounding Alter-do-Chao. Since fire is an annual
occurrence there, and is becoming frequent in
the Amazon as a whole, it could be affecting the
distribution and abundance of many bird species.
However, this was a short-term study, and analyzing
all the direct and indirect effects of fire on the savanna
bird community will require further study. Without a
long-term study, we cannot even account for many
bird species post-fire, and whether they return to the
same sites or seek refuge in neighboring habitats.
However, in our research on bird longevity at the
same site (the 20 ha area) we have recaptured birds,
some as old as fourteen years, of several species,
indicating that they remain in the area (Sanaiotti &
Cintra, 2006, unp. manuscript).
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APPENDIX 1
Data of birds and trees recorded in each observation point (each 50 m) along the two 500 m transects in the burned area of
20 ha area, in November 1996, in an Amazonian Savanna of Alter-do-Chao, Para.

500 m Observation Bird richness | Bird abundance Number of Number of
Transects points (m) burned trees unburned trees

1 0 5 6 4 13
1 50 3 5 4 10
1 10 6 7 4 7
1 150 3 4 3 9
1 200 5 7 4 10
1 250 6 6 1 14
1 300 3 4 2 15
1 350 2 3 3 13
1 400 2 3 4 12
1 450 6 10 4 17
1 500 3 4 6 13
2 0 3 5 21 6
2 50 3 3 15 7
2 100 4 4 8 14
2 150 2 2 13 5
2 200 3 4 15

2 250 2 2 19 5
2 300 4 4 18 10
2 350 3 5 13 3
2 400 3 4 7

2 450 3 4 6 13
2 500 4 6 4 14
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