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Using birds to set conservation priorities for
Pantanal wetland forests, Brazil

JOAO BATISTA DE PINHO and MIGUEL ANGELO MARINI

Summary

The Pantanal of Brazil, one of the largest wetlands in the world, is suffering severe threats, such as
forest and grassland clearance on the surrounding plateau, conversion of forests and savannas for
cattle ranching and effects of large development projects. We used richness, abundance and
composition of bird species in four forest types to propose conservation priorities for the northern
Pantanal. Birds from 11 sites (a total of 41 points) were sampled through point counts and mist-
netting. In total 215 species were recorded in the forests. Two evergreen forest types (cambarazal
and landi) had higher estimates of bird richness and abundance than two dry forest types
(carvoeiro and cordilheira). The evergreen forests also had more species exclusive to them and
were more similar to each other than the dry forests. Selection of forests to be conserved in the
northern Pantanal should give priority to evergreen forests and secondarily to dry forests.
Cambarazal should be the first forests to be conserved. If the Pantanal inundation cycle is altered
by the construction of hydroelectric dams or the Paraguay-Parana waterway, cambarazal and
landi may no longer become flooded, decreasing local species richness. Before our recommen-
dations are considered for conservation and management decisions, more studies on other groups
of organisms should also be taken into consideration, and similar studies should be conducted in
other regions of the Pantanal. Conservation of Pantanal forest birds depends on a deeper
understanding of their use of several habitats, stronger protection of the forests with higher
diversity, and public policies that guarantee the long term maintenance of natural flooding cycles.

Introduction

The Brazilian Pantanal is one of the largest wetlands of the world. It is strongly affected by a cycle of
flooding and dry periods and this seasonality promotes a high diversity of habitats and microhabitats
(Da Silva et al. 2001). The periodic flooding is associated with poor soils and road access, making it
unsuitable for agriculture (Padovani et al. 2004, Nunes da Cunha et al. 2007), but the Pantanal is
under severe threat due to conversion of forest and savanna for cattle ranching, large development
projects, hunting, invasion of exotic species and pollution (Alho et al. 1988, Padovani et al. 2004,
Harris et al. 2005). Forest and grassland clearance of the surrounding plateau creates additional
threats. The effects of these threats on wildlife have rarely been assessed, except for a few notable
cases (Silva et al. 1998, Da Silva et al. 2001, Bouton and Frederick 2003).

Two of these threats may cause substantial changes to the landscape. Conversion of forests to
pasturelands causes the loss of the higher, non-flooded forest habitats that are important during
the 3-6 month flooding period (Junk 1996, Tubelis and Tomds 1999) and development projects,
such as hydroelectric power plants and the major Paraguay-Parand waterway (Lorival et al. 1996),
will alter natural hydrological patterns and are predicted to cause the loss of large areas of wetland
(Hamilton 1999, Harris et al. 2005, 2006).

Forests of the Pantanal can be classified into several types and vary regionally (Nunes da
Cunha et al. 2006, Nunes da Cunha and Junk 2009). Forest habitats usually lie above the
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regular inundation level and suffer the most from anthropogenic impacts (Nunes da Cunha
et al. 2006). Forests cover 45.3 % of the Pantanal of Poconé landscape, including two types of
dry forest (cordilheira and carvoeiro) comprising 12% and two types of evergreen forest
(cambarazal and landi) comprising 6.4% (Silva et al. 2000, Nunes da Cunha et al. 2007), thus
making these forests some of the most threatened habitats.

With 463 species recorded, bird species diversity in the Pantanal is not especially high (Brown
Jr. 1986, Mittermeier et al. 1990, Tubelis and Tomds 2003, Marini and Garcia 2005) and there are no
endemics and few endangered species compared to other Brazilian biomes. Its central location in South
America and its use by migratory birds makes it an important Neotropical conservation area.

Forests are the most threatened habitat in the Pantanal and little is known about the species that
occur in them. Even though the region has been visited by several researchers, such as the
Roosevelt-Rondon expedition (see Tubelis and Tomas 2003 for a review), extensive areas of the
Pantanal remain unexplored. Studies indicate that the structure and dynamics of bird communities
are strongly related to spatial heterogeneity in habitats and inundation cycles (Tubelis and Tomas
1999, Marini 2001, Figueira et al. 2006, Signor 2008, Tizianel 2008, Nunes 2009 and Yabe et al.
2010). Loss of forest will alter habitat mosaics and may impact on the bird assemblages that occur in
them. In this paper, we studied the richness and abundance of birds in four types of forest of the
northern Pantanal. Our results were used to help set conservation priorities for the region in light
of the increased rate of forest conversion and the potential impacts of large development projects.

Methods
Study area

Bird communities were studied at the “Cuiabd-Bento Gomes-Paraguaizinho” Pantanal, locally
called Pantanal of Poconé (Franco and Pinheiro 1982), most specifically at the Pirizal locality
(16°15'12”'S, 56°22’12""W), Nossa Senhora do Livramento municipality, state of Mato Grosso,
Brazil (Figure 1). The climate of the Pantanal is characterised by a dry season from May to
September, and a rainy season from October to April (Nunes da Cunha and Junk 2004). Mean
annual rainfall from 1999 to 2002 was 1,159 mm, with a maximum in December and minimum in
August. Mean low temperature was 20.9°C and mean maximum was 32.5°C. Around 48.5 % of
the region is represented by flooded grasslands and marshes, 45.3% by forests and 6.3% by other
habitats (e.g. water bodies) (Silva et al. 2000).

In the Pantanal, different types of soils and inundation levels are responsible for a high degree of
variation in vegetation cover, creating a landscape mosaic (Silva et al. 2000, Nunes da Cunha et al.
2002, Nunes da Cunha and Junk 2009). We studied four forest types, two that undergo
inundation (cambarazal and landi) comprising 12% of the study region, referred to here as
“evergreen forests” and two that do not suffer inundations (cordilheira and carvoeiro) comprising
45.3% of the area and referred to here as “dry forests” (Nascimento and Nunes da Cunha 1989,
Nunes da Cunha 1990, Ribeiro 1999, Nunes da Cunha et al. 2006, Nunes da Cunha and Junk
2009). Description of forest types can be found in the online Supplementary Materials.

Sampling methods

Eleven sampling sites were selected through field evaluation of the vegetation. Three spatial
replicates were established for each vegetation type (Table 1), except for carvoeiro which had only
two patches at the Pirizal locality (Figure 1). Any two sites were separated by at least 250 m of
grassland and any two sites of the same vegetation type were at least 800 m apart to ensure
sampling independence.

Birds from all 11 sites were sampled through point counts and mist-netting. Sample sizes were
small, since the Pantanal vegetation is a mosaic of forest and open habitat patches (Table 1; Figure 1),
and census points need to be far apart to ensure independence. Censuses, conducted in the morning
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Figure 1. Map of the study site at Pirizal, Pantanal of Poconé, state of Mato Grosso, Brazil.
Legends: Cb = cambarazal; Ld = landi; Cd = cordilheira and Cv = carvoeiro.

Table 1. Sample design for mist-net and point count census: size of areas in hectares (ha), number of nets

(NR), number of survey points (NP) and sample effort.

Habitat Size (ha) Nets Point count
NR Sample effort NP Sample effort

Cambarazal I 30.2 10 950 h 4 560 min
Cambarazal II 30.5 10 950 h 4 560 min
Cambarazal III 25.6 10 950 h 3 410 min
Cordilheira I 12.1 10 950 h 4 560 min
Cordilheira IT 12.4 10 950 h 4 560 min
Cordilheira III 12.3 10 950 h 4 560 min
Landi I 13.2 10 950 h 4 560 min
Landi II 13.1 10 950 h 3 410 min
Landi I1I 18.4 10 950 h 3 410 min
Carvoeiro | 30.6 10 950 h 4 560 min
Carvoeiro II 25.2 10 950 h 4 560 min
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between sunrise and oghoo, always started at a different point of the trail (from start to end, from end
to start, from middle to start and from middle to end). Censuses were conducted monthly from April
to December 2000 and every other month from January to September 2001. It was not possible to
conduct censuses from January to March 2000 because of very high flooding in the region. We
established four sampling points along a trail in each of the 11 sites, always at least 50 m from the
forest edge, with a total point count sampling effort of 560 min at each spatial replicate. The only
exceptions were one of the cambarazal sites and two landi sites which had only three sampling points
and a point count sampling effort of 410 min, due to natural spatial limitations of these habitats.

The point count method was adapted from Vielliard and Silva (1990) and Bibby et al. (1993) to
quantify birds. Each of the points, 150 m from each other, was sampled for 10 minutes/month.
During these 10 minutes of sampling, we recorded all birds heard or seen. A digital recorder with
a microphone (Sennheiser ME 88 long shotgun) was used to record bird songs. Unknown songs
were mostly not recorded during sampling periods, but during the interval between census
periods. The census began after one of us (JBP) was trained and able to identify the great majority
of bird songs of the region.

The same trails used for the censuses were used for mist-netting and banding. We ran the nets
monthly from September 1999 to December 2000, and every other month from March to August
2001, from o6hoo to 11hoo. We used 12 m long by 2.7 m high mist-nets with mesh size of 36 mm.
We opened nets in straight lines, one next to the other, from 10 cm from the ground. One mist-net
hour is the equivalent of one 12-m long net open for one hour. Recaptured birds were not
considered. Mist-net sampling effort was similar (10 nets and 950 mist-net hours) among all sites.

Analyses

We conducted analyses with monthly data grouped by season, as defined by the water fluctuation
level in the region following (Ribeiro 1999, Nunes da Cunha and Junk 2004): flooded (January—
April), run-off (May-August) and dry (September—December). It is important to stress that what
we call “dry season” based on water fluctuation level does not correlate with the “dry climatic
season” with low precipitation between May and September. The dry climatic season corresponds
mostly with the run-off season. Abundance of each species was calculated using the Index of
Point Abundance (IPA) (Aleixo and Vielliard 1995) for the point count data. We calculated the
relative capture frequency (number of captures/mist-net hours) for the mist-net data. Taxonomy
followed BirdLife International (2009) and CBRO (2009) and conservation status followed
IBAMA (2009) and ITUCN (2009).

For each forest type, we constructed a species accumulation curve and estimated species richness
using the first order non-parametric jackknife estimator, with a 95% confidence interval, using
EstimateS, version 6.0 B1 (Colwell 2000). For both sampling methods, we estimated values of richness
for each spatial replicate of each forest type. We used a two-way ANOVA to compare richness
estimates and abundance values (IPA) between habitats and seasons. Finally, we used a Bonferoni test
for multiple comparisons of the means. We conducted all statistical analyses using Systat 9.0.

Species composition was analysed with non-metric multidimensional scaling (NMDS) (McCune
and Grace 2002). We ordinated bird species community composition with bird abundance
(quantitative ordination) and species presence/absence (qualitative ordination) data. The quanti-
tative ordination was used to capture the patterns influenced by the most abundant species and
thus show the contribution of the relative abundance of species among forests. We used the Bray-
Curtis index as a dissimilarity measure (Faith et al. 1987, McCune and Grace 2002) on matrices
standardised over sites (relative abundance of each species per site). Abundant species usually
represent a small proportion of the total number of species of an animal community. In analyses
sensitive to variations in abundance, these few abundant species may represent more than 80% of
the individuals, and therefore have a heavy weight in the process of detection of community
structure. However, when the most abundant species are also the most frequent, their
contribution to the results in presence/absence analyses is relatively small. For this reason we
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also made community ordinations with the presence/absence data using Sorensen’s similarity
index (Legendre and Legendre 1998), which, in this case, stress the pattern of the rarest species.
Ordinations were run with the PCORD program (McCune and Mefford 1999).

Results

Using both methods, we recorded 213 species across the four forest types (Appendix S1). The sampling
effort curves, however, revealed that even after 2,000 or 3,000 hours of mist-netting and more than
18 hours of census in each area, the number of species in each forest type was still increasing. For point
counts, cambarazal was the forest type with the highest number of species recorded (Figure 2), and
for mist-nets carvoeiro and cordilheira had the lowest species richness (Figure 3).

Species richness estimates

The evergreen forests (cambarazal and landi) had higher estimates of species richness throughout
the year compared with the two dry forests (carvoeiro and cordilheira) (Figures 4 and 5).
Significant variation was found in species richness among habitats (point count: F = 16.340, P <
0.001; mist-net: [ = 17.835, P < 0.001), and among seasons (point count: F = 10.066, P = 0.001;
mist-net: F = 32.915, P < o.001).
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Figure 2. Estimated number of bird species using point count data for four forest types at the
Pantanal of Poconé.
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Figure 3. Estimated number of bird species using mist-net data for four forest types at the
Pantanal of Poconé.

Pairwise comparisons of species richness for the point count data revealed statistically
significant differences among all forests (all F > 5.565, and P < 0.028), except between landi
and carvoeiro (F = 0.516, P = 0.480) and landi and cordilheira (F = 3.364, P = 0.081). Similarly,
the mist-net data also revealed statistically significant differences between all forests (all F >
15.276, and P < 0.017), except between landi and cordilheira (F = 9.866, P = 0.185).

Estimates of species richness through point counts had the same pattern in the four forest types
through the seasons. More species were recorded in dry and run-off seasons compared with the
flooded season (Figure 4). The flooded and run-off seasons (F = 17.665, P < 0.001) and the dry
and flooded seasons (F = 11.986, P = 0.002) differed, but the run-off and dry seasons (F = 0.549,
P = 0.467) were similar. For the mist-net data, all three seasons had the same richness (all F >
9.968, and P < 0.008).

The significant habitat*season interaction for the mist-net data revealed complex variations in
species richness, related to variations in species richness of the dry forests during the flooded
season. The interaction habitat*season was not significant for the point counts (F = 1.002, P =
0.450), but was significant for the mist-net data (F = 2.814, P = 0.036). Carvoeiro had an increase
in species richness during the flooded season, while cordilheira had a decrease in species richness
during this period (Figures 4 and 5).
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Figure 4. Mean (* 95% CI) bird species richness estimated through first order Jackknife for
point count data at the Pantanal of Poconé. A = all seasons together; B = flood season; C = run-
off season; D = dry season.

Abundance estimates

Species abundance differed between habitats for both sampling methods, in a similar manner to
the species richness results. Significant variation was found in species abundance among habitats
(point count: F = 34.869, P < 0.001; mist-net: F = 24.026, P < 0.001), and among seasons (mist-
net: F = 28.311, P < 0.001), but there was no seasonal effect (point count: F = 1.218, P = 0.316).
Evergreen forests had higher abundance estimates than dry forests in most cases; cambarazal had
the highest values, followed by landi, cordilheira, and lastly carvoeiro. Pairwise comparisons of
species abundance for the point count data differed between most forest types (all F > 4.600, all
P < 0.044), except between cordilheira and carvoeiro (F = 0.056, P = 0.816). For the mist-net
data, the results were very similar, with all differences in abundance between forests significant
(all F > 7.123, all P < 0.014), except for the difference between landi and cordilheira (F = 0.666,
P = 0.423).

Abundance for the mist-net data differed among the three seasons (all F > 11.074, all P < 0.003).
There were no differences, however, among seasons for the point count data. There was no
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Figure 5. Mean (* 95% CI) bird species richness estimated through first order Jackknife for
mist-net data at the Pantanal of Poconé. A = all seasons together; B = flood season; C = run-off
season; D = dry season.

significant interaction between habitat*season for either method (F = 1.002, P = 0.450 and mist-
net 2.814, P = 0.036).

Similarity comparisons

Birds used the four forests in distinct ways. Of the 215 bird species recorded, 128 (59.5%) used
three or four forest types, 54 (25%) used only two forest types and 33 (15%) used only one forest
type. The two evergreen forests had almost five times more species exclusive to them (n = 46;
cambarazal = 17 species; landi = 8 species; both = 21 species) than the two dry forests (n = 10;
cordilheira = 5 species; carvoeiro = 3 species; both = 2 species) (Appendix S1).

The two-dimension bird community ordination by NMDS captured 89.9% of the variation in
the original distances for the quantitative data (Figure 6A) and 86.8% for the qualitative data
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Figure 6. Ordination of bird species composition of the Pantanal of Poconé by non-metric
multidimensional scaling (nMDS). A = with bird abundance (quantitative ordination) data; B =
with species presence/absence (qualitative ordination) (B) data. cb = cambarazal; Id = landi; cd =
cordilheira and cv = carvoeiro.

(Figure 6B). Similarity indexes varied little among the four forest types, but carvoeiro differed
most from the other three forests. The two evergreen forests were more similar to each other
than any other forest pair.

Species composition

Of the 213 species recorded, 185 occurred in cambarazal, 113 in landi, 145 in cordilheira and 111
in carvoeiro. Three or four forest types were used by 127 (60%) species, two forest types by 54
(25.5%) species and 31 (14.5%) species occurred in only one forest type. The most frequent
species in all forest types, and species exclusive to each type, are listed in Appendix S2.

Discussion
Species richness and abundance estimates

Our finding that evergreen forests had higher richness and abundance of birds than dry forests
supports the pattern found in other sites (Hespenheide 1980, Tellerfa and Santos 1993). Evergreen
forests have greater habitat heterogeneity than non-flooded forests (Ribeiro 1999, Nunes da
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Cunha and Junk 2004). This structurally more complex vegetation type decreases the effects of
seasonality, resulting in higher stability in resource availability and hosting more year-long
residents (Karr 1976, Hurlbert and Haskell 2003). Evergreen forests are also probably more
resistant to seasonal changes in water availability, since during the dry season the forests are at
the inundation run-off stage and have moist soils.

Floristic diversity is apparently not correlated with bird diversity in the forests of our study site.
Although we did not measure floristic diversity in this study, previous work indicates that there
are differences between forest types (Nunes da Cunha and Junk 1996). Cordilheira is associated
with high floristic diversity but this study showed low bird species diversity. Carvoeiro, a forest
type with low floristic diversity (Pinheiro 2001), supported the lowest abundance and richness of
birds. Its low spatial heterogeneity probably provides limited sites for bird reproduction, shelter
or feeding. Carvoeiro forests, however, represent an important food source for Psittacidae, which
feed on oil-rich seeds of Callistene fasciculata mostly during the run-off season (May—August)
(J. Pinho pers. obs.).

Do the dry forests act as a refuge during the inundation season?

The dry forests did not host more species during the flooded season, contrary to the hypothesis
that birds would use the higher, dry areas at this time. Both cordilheira and carvoeiro retained low
richness and abundance when compared to the other seasons. Cordilheira does not act as a refuge
for animals/birds during the dry climatic (run-off) season, as has been suggested by Junk (1996),
Nunes da Cunha and Junk (1996) and Tubelis and Tomaés (1999). In fact, the cordilheira had the
lowest abundance values of all four forest types during this season (Figures 4 and s5). Seasonal
variations in species richness and abundance were more evident in the dry forests than in the
evergreen forests. Evergreen forests were almost always more diverse and had more individuals
than non-flooded ones. There was a decrease of at least 25% in abundance during the flooded
season compared to the run-off and dry seasons in the four forests altogether (Appendix S3). The
flooded season is the one with lowest richness in cambarazal and landi, according to both
sampling methods, probably due to the flooding of their understorey. The decrease in richness
and abundance of birds in forests of the region during the flooded season might be explained by
the migration of some species from the Pantanal lowlands, perhaps to areas on the surrounding
plateau (authors’ pers. obs.). Also, the higher richness and abundance of species in the forests
during the run-off and dry seasons, compared to the flooded season, might be explained by
greater availability of non-flooded habitat due to the higher, non-flooded understorey), and
higher insect (Marques et al. 2001) and fruit (Nunes da Cunha and Junk 1996) availability.

Similarity comparisons

The similarity indices varied little among three of the four types of forest, not adding much to the
evaluation of the importance of each forest type for conservation. However, they reinforce the fact
that carvoeiro is less similar to the other three types of forest, probably due to its lower richness.
The two evergreen forests had the highest similarity indices, probably due to their structural
similarities. The greatest similarity, between cambarazal and landi, may be related to the
similarity of their vegetation structure, their similar offer of resources to birds or their closest
spatial proximity in the landscape. The highest similarity between carvoeiro and cordilheira may
also be related to their vegetation type, similar vegetation structure, and the lack of flooding.

Conservation applications

Approximately 95% of the region’s forest avifauna is represented in evergreen forests alone.
The two evergreen forest types had nearly five times more exclusive species than the dry
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forests (Appendix S3). Also, none of the 10 species exclusive to the dry forests are of
conservation concern, since some are rare in these forests (Red-throated Piping Guan Aburria
cujubi, Black-and-white Hawk-eagle Spizaetus melanoleucus, White-chinned Sapphire
Hylocharis cyanus and Chotoy Spinetail Schoeniophylax phryganophilus), some do not
depend on these forests for survival in the region (Red-throated Piping Guan, Black-and-
white Hawk-eagle and Chopi Blackbird Gnorimopsar chopi), and one is an abundant habitat
generalist (Chopi Blackbird). The five species exclusive to the cordilheira (White-faced
Whistling-Duck Dendrocygna viduata, Pearl Kite Gampsonyx swainsonii, Smooth-billed Ani
Crotophaga ani, Ochre-cheeked Spinetail Synallaxis scutata and Sepia-capped Flycatcher
Leptopogon amaurocephalus) have large geographical ranges or occur in other non-forested
habitats. We must stress that gallery forests, not studied here, also host a high number of
species (Cintra and Yamashita 1990, Figueira et al. 2006), but represent only 2.4% of the
Pantanal (Silva et al. 2000).

Based on the richness, abundance and species composition, priority efforts should be dedicated
first to the evergreen forests and second to the dry forests. Cambarazal should be the first forest
type to be conserved, since it harbours the highest species richness of birds throughout the year.
Cordilheira is already preferred for conversion into pasturelands in the interior of the Pantanal
(Silva et al. 1998). Gallery forests should always be conserved, not only because of their high
diversity (Cintra and Yamashita 1990, Figueira et al. 2006), but because they protect watersheds,
and are already partially protected by Brazilian laws.

More studies on other groups of organisms should be taken into consideration before our
recommendations are considered for conservation planning and management decisions. For
example, studies reveal that cordilheira has high floristic diversity, compared with the carvoeiro
(Nunes da Cunha and Arieira 1996, Nunes da Cunha et al. 2002). Contrary to our study, the
richness and abundance of marsupials were much higher in landi than in cambarazal, but
cordilheira had similar marsupial abundance to, but lower richness than, cambarazal (Aragona
and Marinho-Filho 2009). The occurrence of endangered and endemic species should also be
taken into consideration. The Pantanal, however, supports no endemic birds and only 13 birds
are threatened (Tubelis and Tomas 2003, Marini and Garcia 2005). We recorded only two
threatened species (Chestnut-bellied Guan Penelope ochrogaster and Hyacinth Macaw
Anodorhynchus hyacinthinus) in our study area (Appendix S1). Another aspect that should
be evaluated is the relative importance of other non-flooded habitats, especially the more open
savanna (cerrado) and other monospecific stands, for the maintenance of bird diversity in the
Pantanal wetlands.

Development projects in the Pantanal will alter natural hydrological patterns and flooding
models predict the loss of large wetland areas (Hamilton 1999). If the inundation regime is altered
by the construction of hydroelectric power plants or the Paraguay-Parana waterway, cambarazal
and landi may no longer become flooded, and two of the most important forest types for birds of
the northern Pantanal might have their structure altered or even disappear. As a result, dozens of
bird species that rely heavily on these forests for survival in the region might become locally
threatened. For example, White-lored Spinetail Synallaxis albilora, Mato Grosso Antbird
Cercomacra melanaria, Buff-breasted Wren Cantorchilus leucotis and Band-tailed Antbird
Hypocnemoides maculicauda were mostly associated with, and abundant in, forests close to
water bodies. The first two species in particular have a large part of their distribution in the
Pantanal lowland (del Hoyo et al. 2003). The same might apply to some migratory species (Antas

1994).

Supplementary Material

The supplementary materials for this article can be found at journals.cambridge.org/bci.
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