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ATTENDANCE AND CO-OCCURRENCE OF BIRDS FOLLOWING ARMY ANTS

IN THE ATLANTIC RAIN FOREST
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Abstract. 1In a first attempt to formally test competitive interactions among army-ant-following birds, we ex-
plored the patterns of occurrence of birds following swarms of army ants in the Atlantic rain forest of southeastern
Brazil. We contrasted the frequency of occurrence of birds at ant swarms at a lowland and a highland site. Addi-
tionally, we assessed the patterns of co-occurrence of bird species at ant swarms, using null models to test for the
possibility of competitive exclusion. Despite the larger number of attending bird species at the highland site, we
detected no differences between the sites in either the frequency of attendance or the number of bird species per
swarm. Analyses of co-occurrence did not reveal evidence of negative association of bird species attending ant
swarms at the lowland site but did at the more species-rich highland site. Pairwise analyses showed that this nega-
tive association invariably involved two of the species attending ant swarms most frequently, Pyriglena leucoptera
and Trichothraupis melanops, suggesting a competitive interaction. Possibly, although birds that are more depen-
dent upon army ants avoid competitive exclusion by spatial segregation at the swarm’s front, birds that follow army
ants less frequently are occasionally excluded from the swarms.

Key words:  army ants, Atlantic forest, Brazil, competitive interactions, null models, Pyriglena leucoptera,
Trichothraupis melanops.

Presencia y Co-presencia de Aves que Siguen Hormigas Legionarias en la Selva Atlantica

Resumen. Enun primer intento por probar formalmente la existencia de interacciones competitivas entre aves
que siguen hormigas legionarias, exploramos los patrones de presencia de las aves que siguen enjambres de estas
hormigas en la selva lluviosa Atlantica del sudeste de Brasil. Contrastamos la frecuencia de presencia de aves en
enjambres de hormigas en un sitio de tierras bajas y en uno de tierras altas. Ademas, evaluamos los patrones de
presencia simultanea de las especies de aves en los enjambres usando modelos nulos para evaluar la posibilidad de
exclusion competitiva. A pesar de que se encontré un mayor numero de especies siguiendo los enjambres en el sitio
de tierras altas, no detectamos diferencias entre sitios en la frecuencia de presencia ni en el nimero de especies por
enjambre. Los andlisis de presencia simultdnea no mostraron evidencia de asociacion negativa entre las especies
que seguian a los enjambres en el sitio de tierras bajas, pero si en el sitio mas rico en especies ubicado en tierras
altas. Analisis por pares demostraron que esta asociacion negativa invariablemente involucro a dos de las especies
que seguian enjambres mas frecuentemente, Pyriglena leucoptera 'y Trichothraupis melanops, lo que sugiere una
interaccion competitiva. Posiblemente, aunque las aves que son mas dependientes de las hormigas evitan la ex-
clusion competitiva mediante separacion espacial en el frente de los enjambres, las aves que siguen a las hormigas
con menos frecuencia ocasionalmente son excluidas de los enjambres.

INTRODUCTION

Army-ant-following birds are a prominent feature of tropical
forests, tracking swarms of army ants to prey on invertebrates
and small vertebrates flushed by the moving raid (Willis and
Oniki 1978). A wide variety of bird species follow ant swarms
in neotropical forests, but the degree of specialization varies:
occasional (or opportunistic) followers forage at swarms op-
portunistically, regular followers attend swarms beyond their
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territories but are also often found foraging independently of
swarms, while obligate (or “professional”) followers are spe-
cies that are apparently incapable of foraging independently
of swarms or other beaters of prey (e.g., monkeys, peccaries;
Willis and Oniki 1978, Willson 2004, Brumfield et al. 2007).
Although occasional followers are widespread throughout the
Neotropical Region, obligate followers seem to be restricted
to Amazonian and Central American forests, where up to five
obligate followers may occur sympatrically (Willson 2004,
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Brumfield et al. 2007). For the Brazilian Atlantic forest, Faria
and Rodrigues (2009) classified Pyriglena leucoptera as an
obligate follower on the basis of its behavior of checking biv-
ouacs (i.e., temporary ant nests) to keep track of the ants’
movements (Swartz 2001). The dependence of P. leucoptera
upon army ants, however, is certainly not as marked as in the
true obligate species (species that are never seen foraging
away from army ants or other beaters of prey) of the Amazo-
nian and Central American forests, because P. leucoptera is
commonly seen foraging away from prey flushers (del Hoyo
et al. 2003; Pizo, pers. obs.).

Army-ant-following birds have been shown to compete
interspecifically at ant swarms, resulting in dominance hi-
erarchies driven mainly by size. Larger and dominant spe-
cies usually occupy the more profitable central region of the
swarm, whereas subordinate species are progressively dis-
placed to the periphery of the swarm’s front (Willis and Oniki
1978). In addition, birds may segregate themselves by perch
height and position (Coates-Estrada and Estrada 1989). Well-
established dominance hierarchies and spatial segregation
permit the coexistence of many bird species and individuals
at a given swarm (up to 60 individuals have been recorded;
Chaves-Campos 2005) but do not preclude the competitive
exclusion of some species. For instance, Willis (1966) sug-
gested that dominant, resident birds exclude migrant, sub-
ordinate species from ant swarms at Barro Colorado Island,
Panama. Similarly, Rios et al. (2008) noted that when some
dominant bird species were following ant swarms in the
Andean highlands of Colombia, no other birds were seen.
Therefore, obligate ant followers tend to be dominant over
occasional ant followers.

In the Neotropical Region, army-ant-following birds have
been studied extensively in the Amazon and Central America,
to a lesser extent in the Andes (Gochfeld and Tudor 1978, Wil-
lis and Oniki 1978, Coates-Estrada and Estrada 1989, Will-
son 2004, Rios et al. 2008). Apart from the paper by Faria
and Rodrigues (2009), only scattered reports of bird species
following army ants are available for the Atlantic forest (e.g.,
Willis and Oniki 1992). With elevations extending from 0 to
>2000 m above sea level, and climate conditions varying ac-
cordingly, birds’ reliance on army ants in the Atlantic forest
may vary along the altitudinal gradient. This variation arises
not only because army-ant density may vary spatially, but also
because ant activity responds to climate factors (O’Donnell et
al. 2007). O’Donnell and Kumar (2006), for instance, found in
Central America that rates of army-ant raids decreased with
increasing elevation. Therefore, significant differences are
likely both within the Atlantic forest and between the Atlan-
tic forest and other regions of the neotropics, as reliance on
army ants may vary geographically (Willis 1985, Robinson
and Terborgh 1995). Such differences could reveal historical,
climatic, and ecological factors influencing the composition
of and competitive interactions among army-ant-following
birds. In particular, the lack of true obligate followers in the
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Atlantic forest offers an interesting opportunity for study of
the behavioral interactions among ant followers.

Here we present data on the occurrence of birds at swarms
of Eciton burchelli and Labidus praedator (both members of
the Ecitoninae; from now on referred to only by their generic
names), the two species of ants most frequently followed by
birds in the neotropics (Willis and Oniki 1978) and at both low
and high elevations in the Atlantic forest of southeastern Brazil.
Our objectives were twofold: first, to describe and compare
the species composition and frequency of occurrence of birds
at ant swarms at two elevations within the Atlantic forest and
between the Atlantic forest and elsewhere in the neotropics;
second, to evaluate patterns of co-occurrence among species,
to test the possibility of competitive exclusion among army-ant-
following birds. Competitive exclusion may result in a perfect
checkerboard distribution when a given swarm is followed by
only one of two competing bird species. We looked for pairs
of species distributed in a checkerboard and tested with null
models whether the frequency of checkerboard distributions
was nonrandom among swarms. This approach has been used
to test for competitive exclusion among bird species partici-
pating in mixed-species flocks (Graves and Gotelli 1993) but
has never been applied to army-ant-following birds. The test
evaluates whether the observed pattern of co-occurrence dif-
fers from a random association of species. The detection of a
nonrandom pattern does not imply the existence of compe-
tition, however, because other mechanisms may produce the
pattern (Gotelli and Graves 1996). Accordingly, we used evi-
dence from the tests and knowledge of the natural history of
the birds to interpret the results.

STUDY AREAS AND METHODS

STUDY AREAS

Data for this study were recorded during visits from 1991 to 2001
to two sites at different altitudes within the Parque Estadual In-
tervales (24° 16" S, 48° 25" W), a 490-km? reserve of Atlantic
Rain Forest (sensu Morellato and Haddad 2000) in southeastern
Brazil. The study sites, the Saibadela and Carmo research sta-
tions, lie at 70 and 700 m above sea level and encompass lowland
and highland areas of the reserve, respectively. The straight-line
distance between them is about 25-30 km.

The vegetation at the lowland site consists of old-growth
forest and small patches of secondary growth near human set-
tlements (Guilherme et al. 2004). The highland vegetation, in
contrast, is mainly late secondary with patches of old-growth
forest (Nascimento 1994). Both sites are crossed by trails 1-2 m
wide that alter the surrounding vegetation minimally; ant
swarms can be found along these trails. The temperature (annual
mean ~24 °C, range 3—42 °C) and precipitation (~4000 mm yr ™)
at the lowland site are higher than at the highland site (annual
mean temperature ~17 °C, range —4-38 °C; annual precipita-
tion ~1900 mm yr'). At both sites, there is a period of cold,
dry weather from April to August (more pronounced at the
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highland site) and of warm, wet weather from September to
March (more pronounced at the lowland site).

Totals of 234 and 325 bird species occur at the lowland
(Aleixo and Galetti 1997) and highland sites (Vielliard and
Silva 2001), respectively, including 60 species of Dendroco-
laptidae, Thamnophilidae, and Thraupidae, families typically
associated with army ants in the neotropics (Willis and Oniki
1978). The greater species richness in the highland is at least
partially explained by the greater habitat heterogeneity caused
by the vegetation mosaic of different successional stages,
which contrasts with the more homogeneous old-growth for-
est of the lowland.

METHODS

Pizo found ant swarms opportunistically while walking along
the trails crossing the study sites. Every time a swarm was
found, the species of ant and birds following it were recorded.
Swarms were followed for 5-15 min until the observer was
confident that all bird species were recorded; a bird was only
recorded if it was clearly foraging amid the ant swarm. No
attempt was made to count the number of individual birds
following ants. Therefore, analyses were based on the fre-
quency of occurrence of each species of bird at the swarms.
Fifty ant swarms were found, 28 at the highland site and 22 at
the lowland site. We did not identify the species of ant in one
and ten of the lowland and highland swarms, respectively. As
a result, when we considered the two ant species separately,
the number of swarms with following birds was too small to
allow analyses that contrasted the two ant species at each site.
Therefore, unless otherwise noted, we pooled the ant species
for analyses, with some potential biases. Ecifon and Labidus
differ in the frequency of their foraging and, therefore, in
their reliability to birds. In contrast to Labidus, Eciton forages
nearly every day and is therefore a more dependable source
of flushed prey (Willis and Oniki 1978, Gotwald 1995). If
birds differ in their propensity to follow swarms of Eciton
and Labidus, then the patterns of co-occurrence for each ant
species may include heterogeneity when data for both ants
are pooled. However, the relative contributions of Eciton and
Labidus at each site were similar, contributing to the reliability
of the comparisons of the two sites.

To compare the frequency of bird attendance at ant swarms
at the two sites with ant species pooled, and to test for differ-
ences between Eciton and Labidus in the frequency of birds
attending their swarms with data from the two sites pooled,
we used a log-likelihood ratio test (G-test) with Yates’ correc-
tion. To compare the sites with respect to the number of bird
species per swarm, we used a general linear model, equivalent
to a 7-test but based on a Poisson distribution, appropriate for
our count data, which included many zeroes. To check if the
local abundances of birds were a good predictor of their atten-
dance at ant swarms, we first carried out an overall G-test for
each site, which contrasted the frequency of swarm attendance
with the expected frequency proportional to the abundance
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of the species. These tests included all species except those
not detected during the point-count studies described below.
Because the results of these tests were significant, we then
performed similar tests with Yates’ correction for each spe-
cies of bird. Abundances were based on point-count studies
conducted concurrently with our study by Aleixo (1997) at the
lowland site and Vielliard and Silva (2001) at the highland site.
Unlimited-distance counts of 20 min were made at 163 points
at the lowland site and 90 points at the highland site. The
abundance of each species was expressed as the index of point
abundance, the ratio between the total number of records
(visual or aural) of the species during point counts and the
total number of points sampled (Blondel et al. 1981).

CO-OCCURRENCE ANALYSES

Using null models, we tested whether the birds’ co-occurrence
at swarms was nonrandom. The long dispute over whether
competition results in a checkerboard distribution of species
has led to the development of a multitude of statistics to mea-
sure co-occurrence and algorithms to randomize data (Go-
telli 2000). We followed the suggestions of Gotelli (2000) and
used combinations of statistics and randomization algorithms,
resulting in low probabilities of type I and type II errors. Be-
cause different procedures can produce contrasting results,
we employed more than one null model to check the robust-
ness of our conclusions.

We used the C-score proposed by Stone and Roberts
(1990) to measure co-occurrences among species of birds.
This statistic is the mean of the checkerboard units among all
pairs of species. The procedures to randomize data differ ba-
sically with respect to whether the number of occurrences of
each species (row sums) and the number of species in each
swarm (column sums) in random matrices is maintained or
not. We employed three models, and in all cases the row sums
were maintained. Our option to maintain row sums in null
models aimed at maintaining the pattern of common and rare
species observed in the original data, and precluding type I er-
rors (Gotelli 2000). In our first model we maintained column
sums as in the SIM9 model of Gotelli (2000), among the first
models used in the analysis of co-occurrence (Connor and
Simberloff 1979). This null model preserves, in addition to
the pattern of common and rare species (fixed row sums), spe-
cies richness of birds in each ant swarm (fixed column sums)
and so could be regarded as the model that best matches the
biological characteristics of the observed data. This model is,
however, very restrictive with respect to random shuffling of
data. In the second model, column sums were proportional to
the original data (SIM4). The number of bird species at each
swarm was on average similar to the values observed in the
original data. This model maintains most of the characteristics
of model SIM9 but allows for greater combinations of shuffled
data. The last model (SIM2) treated attendance at each swarm
as equally probable, and on average each swarm had the same
number of attending bird species. Although in comparison to the
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two previous models SIM2 imposes few restrictions on shuf-
fling, it does not retain information on species richness per
swarm. It could be interpreted as meaning that if all swarms
are equally attractive to birds, differences among swarms in
bird species richness result simply by chance.

We used the three null models to analyze data from each
site separately. At both sites, some swarms had no attending
birds. Because the inclusion or exclusion of these swarms can
affect results of the co-occurrence analyses by models SIM2 and
SIM4, we repeated the analyses for data including all swarms
and for data including only swarms attended by at least one bird.
The inclusion of birdless swarms in the analysis is based on the
view that in communities strongly structured by competition
birdless swarms should be rare. As soon as a swarm forms,
weak competitors with high ability to find swarms should colo-
nize them and remain until the arrival of stronger competitors.
A high frequency of birdless swarms could thus be interpreted
as evidence of a lack of competition.

Models SIM2 and SIM4 may produce degenerate matri-
ces in which no bird species attends a simulated swarm. In the
analyses using the full dataset including birdless swarms, we
retained degenerate matrices because they are equivalent to
swarms observed in the real dataset. In the analyses excluding
birdless swarms, we discarded degenerate matrices. Using the
software Ecosim (Gotelli and Entsminger 2001), we carried
out 10 analyses of co-occurrence ([2 sites X 2 models [SIM2,
SIM4] x 2 data matrices] + [2 sites X 1 model [SIM9]]), all
with 10 000 randomizations.

In case of significant evidence against co-occurrence, we
investigated which pairs of species most contributed to the
pattern. We employed the number of checkerboard units as a
measure of association for each species pair. Note that the C-
score is simply the mean of all values of checkerboard units
for all species pairs. The number of checkerboard units for
each pair of species is affected by the species’ number of oc-
currences and so cannot be used directly to assess the associa-
tion of species pairs. Accordingly, we used null models (both
SIM2 and SIM 4) to ascertain whether the numbers of check-
erboard units observed for a species pair were higher than
those obtained by simulation. Many swarms had no bird of a
given pair of species, possibly affecting the results, so we re-
peated analyses for data including all swarms and data includ-
ing swarms attended by at least one individual of the species
pair. Both null models and data types gave similar results: the
correlation among P-values of the matrices ranged from 0.707
to 0.998; all four analyses yielded the same significant (at 5%
level) species pairs. We therefore opted to present the results
from the most conservative analysis (SIM2 and data including
all swarms, with and without either of the two bird species).
It should be noted that in each analysis, many P-values were
generated; for instance, 15 bird species results in 105 compar-
isons [(15 x 14)/2], so some probabilities significant at the 0.05
level can be produced by chance alone. On the other hand, the
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low number of rows (2) results in a test with low statistical
power (Gotelli and McCabe 2002), so the tests are conserva-
tive. We analyzed the pairs of species with a routine written in
the R environment (R Development Core Team 2007).

RESULTS

We found that most ant swarms at both sites were followed by
birds, with no difference between the sites in bird attendance
(G=047,df=1, P=0.49; Table 1). Eciton formed the major-
ity (55%) of swarms at the lowland site, and at the highland
site seven of 12 swarms in which the ant was identified were
also of Eciton. Overall, Eciton attracted birds more frequently
than did Labidus (G =3.89, df =1, P=0.05).

We identified 18 species of birds of eight families at the
ant swarms (Table 2). The number of bird species per swarm
at the two sites did not differ (difference in deviance = 2.142,
P =0.143; Table 1). At both sites, Pyriglena leucoptera and
Trichothraupis melanops were the birds following ant swarms
most frequently (Table 2). Overall, the local abundances of
birds did not predict their attendance at ant swarms, neither
at the lowland (G =43.25, df =9, P < 0.001) nor at the high-
land site (G = 26.02, df = 11, P = 0.006). P. leucoptera and
T. melanops attended ant swarms more often than expected
from their abundances at the lowland site, whereas Formi-
carius colma and Xiphorhynchus fuscus were detected with
swarms less often than expected (Table 2). At the highland
site, we found 7. melanops positively and Sittasomus grisei-
capillus negatively associated with ant swarms (Table 2). For
all other species, the frequency of occurrence at swarms did
not significantly deviate from what would be expected from
its local abundance.

At the lowland site, we did not detect any significant
checkerboard distributions among birds following army ants
(Table 3). At the highland site, results of four of the five analyses

TABLE 1. Statistics for the ant swarms (Eciton burchelli and Labi-
dus praedator) and their following birds observed at lowland and high-
land sites in Parque Estadual Intervales, Brazilian Atlantic forest.

Variable Lowland Highland
Number of swarms (% with birds) 28 (64.3) 22(77.3)
Eciton® 15 (80.0) 7(71.4)
Labidus? 12 (41.7) 5(40.0)
Number of bird species 10 15
Eciton 8 6"
Labidus 7 4b
Bird species per swarm (mean * SD) 26%1.5 2.8+£0.9
Eciton 24+1.6 2.6+09
Labidus 28+1.8 2.5+07

4The ant species was not identified in one and ten of the swarms
sampled at the lowland and highland sites, respectively.

®These figures were based on seven swarms (five of Eciton and two
of Labidus) with birds following ants that could be identified.
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TABLE 2. Bird species recorded at ant swarms at the lowland and highland sites in Parque Estadual Intervales,
with their proportions of occurrence at swarms and indexes of point abundance (IPA). Asterisks following
frequencies indicate birds that followed swarms more or less frequently than expected from their abundances
(G-tests with Yates’ correction: *P < 0.05; **P < (0.01; ***P < (0.001). An IPA of zero indicates that the species
was not recorded in point counts; a dash denotes species that did not occur at the site specified.

Highland Lowland
IPA IPA
Proportion n=99 Proportion (n=168
(n =22 swarms) point counts) (n =28 swarms) point counts)

Thamnophilidae

Batara cinerea 0.05 0.04 0 0

Mackenziana severa 0.05 0.28 0 0

Dysithamnus mentalis 0.05 0.26 0 0.29

Myrmotherula gularis 0.09 0.07 0.07 0.13

Pyriglena leucoptera 0.55 0.48 0.44%* 0.13
Conopophagidae

Conopophaga lineata 0.09 0.11 — —

Conopophaga melanops 0 0 0.15 0.41
Formicariidae

Formicarius colma 0.05 0 0.07*** 1.08

Chamaeza spp.? 0.05 — 0 —
Dendrocolaptidae

Dendrocolaptes platyrostris 0.14 0.34 0.07 0.23

Dendrocincla turdina 0.18 0 0.37 0.46

Sittasomus griseicapillus 0.09%x* 0.52 0.11 0.17

Xiphocolaptes albicollis 0.05 0.17 0 0.24

Xiphorhynchus fuscus 0 0.11 0.07** 0.39
Furnariidae

Synallaxis ruficapilla 0.09 0.18 0 0
Tyraniidae

Lathrotriccus euleri 0.05 0.14 0 0.14
Thraupidae

Trichothraupis melanops 0.59%#* 0.06 0.30 * 0.04
Parulidae

Basileuterus rivularis 0 0.08 0.07 0.05

Ancludes C. campanisona and C. meruloides.

TABLE 3. Co-occurrence analyses of army-ant-following birds at lowland and highland sites
in Parque Estadual Intervales, southeastern Brazil. Values are probabilities from null models
of co-occurrence. In all models, the frequency of occurrence of each species was kept constant
(row sums constant). The null models differed in whether the total number of birds in each ant
swarm was fixed, proportional, or equally probable, corresponding to models SIM9, SIM4, and
SIM2 described by Gotelli (2000), respectively. For each site, simulations were based on both
the full dataset and a reduced dataset excluding swarms with no associated birds. Degenerate
matrices produced in the simulations were retained for the full datasets and discarded for the

reduced datasets.
Lowland Highland
Reduced Full Reduced Full
(17 swarms) (28 swarms) (17 swarms) (22 swarms)
Fixed (SIM9) 0.730 — <0.001 —
Proportional (SIM4) 0.866 0.494 <0.001 <0.001

Equally probable (SIM2) 0.994 0.999 <0.001 0.519
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were significant (P < 0.001) (Table 3), indicating that the co-
occurrence of species was less frequent than expected. For the
highland site, we explored the pattern of co-occurrence for
each pair of species, finding evidence of a checkerboard in five
of the 105 pairs of species compared, a rate similar to what we
could expect by chance at the 5% significance level. It should
be noted, however, that all five of these pairs involved P. leu-
coptera (with Conopophaga lineata P = 0.076, Myrmotherula
gularis P = 0.065, and Synallaxis ruficapilla P = 0.076) or T.
melanops (with C. lineata P=0.034 and M. gularis P=0.032).
Except for P. leucoptera and T. melanops, these species were
only occasional followers, occurring at only two swarms each,
precluding firm conclusions regarding competitive exclusion.

DISCUSSION

We did not find differences between the lowland and highland
sites in the frequency of bird attendance at ant swarms. The
overall percentage of ant swarms followed by birds at Parque
Estadual Intervales (70%) is within the range found for sites
where obligate ant-followers are absent, which varied from
63% at Monteverde, Costa Rica (Kumar and O’Donnell 2007),
to 80.9% at Los Tuxtlas, Mexico (Coates-Estrada and Estrada
1989). This percentage is also similar to that at another site
in Brazil’s Atlantic forest (65%; Faria and Rodrigues 2009).
Even though broad-scale comparisons of bird attendance at
ant swarms may be biased because of differences in the meth-
ods used to locate the swarms, geographical variation in bird
attendance may be typical for sites lacking birds that forage
exclusively with ant swarms. Where such birds are present, they
keep track of every army-ant colony within their home ranges
(Willson 2004), likely resulting in their attending every ant
swarm. To test this prediction, attendance data for sites with
obligate ant-followers are needed.

Apart from the presence of obligate ant-followers, other
factors may lead to geographical variability in bird attendance,
such as the previously mentioned geographical variation in
the reliance of birds on army ants (Willis 1985, Robinson and
Terborgh 1995). For instance, in contrast to observations from
other areas, at our study site we did not record at ant swarms
any migrants or birds that participate in mixed-species flocks.
Mixed-species flocks often follow army ants (Oniki 1971,
Coates-Estrada and Estrada 1989), but at our study sites we
never recorded common species that frequently join mixed-
species flocks (e.g., Basileuterus culicivorus, Habia rubica)
following ants. Similarly, migrants occurring at the study sites
(Aleixo and Galetti 1997, Vielliard and Silva 2001) were ab-
sent from ant swarms, although migrants form a prominent
component of the assemblage of ant-following birds in other
areas, especially in Central America (Willis 1966, Dobbs and
Martin 1998). Therefore, much remains to be learned about the
geographical variation in the reliance of birds on army ants. To
this end, a promising avenue of research is the investigation of
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the geographical variation in army-ant density and foraging
activity in combination with the ants’ attendance by birds.
The rates and daily patterns of foraging raids in neotropical
forests vary considerably, potentially influencing the reliabil-
ity of ant swarms for birds (O’Donnell et al. 2007).

Although the number of bird species per swarm was simi-
lar, the total number of attending species at the highland site
(15) was higher than at the lowland site (10). Hilty (1974) ar-
gued that increased facultative attendance of birds at higher-
elevation swarms in the Colombian Andes may be attributed to
a lack of obligate ant-following birds at higher elevations. Both
sites we studied, however, are devoid of obligate ant-followers,
so an altitudinal gradient in the attendance of such birds at ant
swarms cannot be invoked as the explanation for the difference
observed. In the only other comparable study we found, Kumar
and O’Donnell (2007) did not find altitudinal differences in the
species richness and abundance of birds following army ants
within the range of 1100—1680 m at Monteverde, Costa Rica.
Therefore additional studies are needed to reveal the altitudinal
patterns, if any, in the number of ant-attending bird species in
the Neotropical Region. Currently, the simplest explanation
for the larger number of attending bird species at the highland
site is its avifauna being richer than the lowland site’s (Aleixo
1997, Vielliard and Silva 2001). Because most bird species at
Parque Estadual Intervales followed ants opportunistically, a
richer avifauna should lead to the recording of a larger number
of species attending ant swarms.

As found elsewhere (Willis and Oniki 1978, Kumar and
O’Donnell 2007, Faria and Rodrigues 2009), most species of
birds can be classified as occasional followers. In our study
area, the exceptions were Trichothraupis melanops and Py-
riglena leucoptera, which followed ants more often than ex-
pected by chance. Trichothraupis melanops is already known
to follow army ants and other prey flushers (e.g., monkeys;
Rodrigues et al. 1994) and is one of the few regular ant-followers
in the Atlantic forest. Pyriglena leucoptera is also known to
follow ants frequently (Faria and Rodrigues 2009), but its pro-
pensity to follow ants at the lowland and highland sites differed.
At present, we can only speculate about the reasons underly-
ing this difference, one possibility being the more frequent
attendance of 7. melanops at the highland swarms. Tricho-
thraupis melanops is known to dominate P. leucoptera in
interspecific encounters (Willis and Oniki 1992, Faria and
Rodrigues 2009), so it might have displaced P. leucoptera
from some highland swarms, though we found no evidence of
competitive exclusion between these two species. A simpler,
additional explanation is the difference between the sites in
abundance of P. leucoptera. The lower abundance at the low-
land site might have resulted in a lower proportion of swarms
being attended, even if birds followed the ants in a proportion
higher than their abundance.

The co-occurrence analyses indicated that the observed
matrix in the lowland site was not distinct from the matrices
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expected under three null models and two data types (bird-
less swarms included or excluded). On the other hand, the
patterns observed in the highland were distinct from matri-
ces produced by four of the five combinations of null-model
analysis, indicating that competition or other mechanisms
may have structured bird assemblages. The application of two
of the null models for each species pair, however, did not pro-
duce firm conclusions about negative interactions between
species, in part because of the low attendance of some of the
putatively competing species. However, the low attendance
of such species may be the result of competition itself. Oc-
casional ant-followers, by definition, do not depend on army
ants to reveal food. Their presence at ant swarms, therefore,
may be discouraged by the constant aggression of birds that
are more dependent on army ants, such as 7. melanops and P.
leucoptera (Faria and Rodrigues 2009). For instance, where
obligate ant-followers are present, aggression rates may reach
seven interactions per minute (Willson 2004). Depending on
army ants to a higher degree, regular or obligate ant-followers
tolerate and minimize aggression through spatial segregation,
as first proposed by Willis and Oniki (1978). They may also
alter the amount of space that they use at the swarm front in
response to the intensity of competition (Willson 2004). We
thus envisage a scenario in which regular and obligate ant-
followers are seldom excluded from ant swarms but accom-
modate themselves along the swarm front through differences
in the use of space; while occasional followers, many of them
small birds, are occasionally excluded from the swarms. Cor-
roborating this scenario is our observation that the only two
regular followers (7. melanops and P. leucoptera) did not ex-
clude each other from ant swarms but excluded some occa-
sional followers at the highland site.

After decades of study, the ecology of ant-following birds
is still poorly known (but see Willson 2004), in contrast to
the growing body of knowledge about the ecology of army
ants (O’Donnell and Kumar 2006, O’Donnell et al. 2007). To
sharpen our comprehension of the dynamics of interactions oc-
curring among these birds, formal co-occurrence tests such as
those we performed should be attempted. Such tests in areas
where obligate ant-followers are present would be especially
enlightening. Likewise, the study of ant-following birds in a va-
riety of habitats where ecological conditions (e.g., abundances
of birds and food resources) are known would be particularly
useful to the understanding of the factors that influence these
birds’ attendance and dependence upon the ant swarms.
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