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Abstract
Habitat heterogeneity in the Pantanal results from flood dynamics and vegetation characteristics. Considering that
these impacts affect landbird nesting conditions and food resource availability, species turnover and richness should
respond to them. We conducted this study in the northeastern Pantanal, in two dominant habitats, savanna and forest,
covering two annual cycles. The objectives were: (1) evaluation of trophic structure, (2) analyses of species dissim-
ilarity patterns, and (3) investigation of whether seasonal changes in the flood regime and/or vegetation character-
istics drive these patterns. We used mist nests to acquire data on bird species composition, abundance, and guilds.
Insectivore and omnivore species were the predominant guilds. The bird community showed very high overall
dissimilarity, with a Jaccard Index of 0.86, with 86% attributed to species replacement and 14% to species
nestednesss. This high dissimilarity reflects the reduced number of shared species, mainly between some savannas
and forests (12%). Our analyses also showed that habitat characteristics, specifically the differences in vegetation
structure and composition, mostly explained the species turnover. Flood seasonality was also an important driver of
bird community spatial variability, in which dissimilarities in species composition increased from the terrestrial to the
aquatic phases, with the wettest phase being the most dissimilar.
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Introduction

Unlike terrestrial ecosystems, tropical river floodplains are
marked by temporal and spatial transitions between aquatic
and terrestrial phases (Junk et al. 2014). Flood and flow pulses
determine these conditions, affecting the degree of landscape
connectivity, habitat heterogeneity, and productivity, which, in
turn, have an impact on biodiversity (Junk et al. 1989; Tockner
et al. 2000). The South American Pantanal is the world’s larg-
est floodplain wetland (approximately 150,000 km2) and is
subjected to a monomodal inundation cycle determined by
annual variation in river discharge and precipitation. The
Pantanal is made up of a mosaic of forest and savanna phys-
iognomies, where species experience the phytogeographical
influences of three major biomes, i.e., the savannas, such as
the Cerrado and Chaco, and the Amazonian rainforest
(Adamoli 1982; Nunes da Cunha et al. 2007). The Pantanal
is considered a biodiversity hotspot (Mittermeier et al. 2005)
and a major avian migration destination from the Nearctic and
Austral regions (Junk et al. 2006a). Approximately 463 bird
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species have been recorded in the Pantanal (Tubelis and
Tomas 2003; Petermann 2011). One quarter of these species
are wetland-dependent, and three-quarters are upland species
(Junk et al. 2014). Many bird species depend on the flood
rhythm and dynamics of the tropical wetlands for reproduc-
tion and feeding or escaping from the severe weather condi-
tions in the temperate zone (Antas 1994). The seasonal dis-
ruption of terrestrial habitat connectivity during flooding af-
fects bird mobility, mainly for the species that are land spe-
cialists (Saunders et al. 1991).

Knowledge about the ecological processes that shape spe-
cies composition variation across the habitats provides impor-
tant information for biodiversity conservation and manage-
ment (Kraft et al. 2011; Ruhí et al. 2017). The species diver-
sity and distributions across the large river floodplains may be
driven by many ecological forces, such as habitat conditions
and structure, temporal changes in food supply mediated by
evolutionary factors that affect the environmental tolerance
and competitive ability of certain species, or neutral processes,
such as limited dispersal and speciation (Hubbell 2001; Zhou
and Zhang 2008). According to the habitat heterogeneity hy-
pothesis, an increase in habitat heterogeneity leads to an in-
crease in alpha and beta diversity. Previous studies have sup-
ported this hypothesis, showing that at landscape scales, a
strong positive correlation exists between vegetation structure
and diversity (i.e., habitat heterogeneity) with bird species
diversity (Mac Nally et al. 2002). On the other hand, at local
scales, vegetation structure seems to have a larger role than
floristic composition in driving landbird compositional varia-
tion (MacArthur et al. 1966; Rotenberry and Wiens 1980;
Rotenberry 1985). Disturbances caused by annual flood and
flow pulses are responsible for strong seasonal gradients in
floodplains (Tockner et al. 2000), profoundly changing the
food supply and nesting conditions for reproduction within a
single habitat (Figueira et al. 2006). Consequently, these
changes marked by the flood pulse might affect the temporal
dynamics of landbird communities, which are the subject of
this study, causing seasonal fluctuations in species richness,
identity, and abundance across the landscape (Shoo et al.
2005; Rahayuningsih et al. 2007; Scherer et al. 2010;
Katuwal et al. 2016).

Analysis of the causes of the ecological processes
driving biodiversity demands looking beyond local avi-
an species richness and paying attention to the patterns
generating between area variation in assemblage spe-
cies composition (Baselga 2010). Studies about beta
diversity have become more common in the last
20 years (Anderson et al. 2011), with a variety of sta-
tistical approaches applied to its analyses (Legendre
et al. 2005; Anderson et al. 2006; Tuomisto and
Ruokolainen 2006; Qian and Ricklefs 2007; Vellend
2010). These studies have shown that variations in spe-
cies composition between habitats may trace to two

antagonistic processes, species turnover and nestedness,
or species loss (Baselga 2010).

The spatial replacement of species by others (i.e., species
turnover) may be caused by geographical barriers, speciation,
historical factors, niche amplitudes, or human impacts (Condit
et al. 2002; Tuomisto et al. 2003; Qian et al. 2005). Other
factors can cause spatial replacement, such as limited dispersal
of the species, habitat isolation, and limited habitat capacity;
however, antagonistic species interactions will occur when
resource availability becomes seasonally limited (Jankowski
et al. 2009; Baselga 2010).

Vegetation structure is a main factor in determining bird
species distribution in the environment (Aleixo 1999), and
the seasons in the Pantanal directly affect the phenology of
plants, determining the resources that are available to the an-
imals. Compared with other habitats, forest habitats are ex-
pected to have a higher diversity of plant species and conse-
quently a higher diversity of landbirds. The abundance and
richness of these bird species increase with the increasing
complexity of the vegetation structure, as plant diversity pro-
vides additional resources and different habitats (Boncina
2000; Tews et al. 2004; Nájera and Simonetti 2009;
Khanaposhtani et al. 2012; Baláž and Balážová 2012).

Considering beta diversity, the expectation is that when
landscape heterogeneity is low and consists of similar plant
communities, the avian landbird assemblages will be smaller
subsets of the species found in other places (nestedness).
Conversely, when habitat heterogeneity is high and marked
by diverse and structurally complex plant communities, we
would expect the variation in bird composition between the
sites to result from the species replacement (Baselga 2010).
However, if species with broad environmental requirements
dominate the area (i.e., generalists), as in the case of the
Pantanal landbird community (Signor and Pinho 2011), a re-
duction in beta diversity is expected because most species will
be able to occupy the entire landscape (Kessler et al. 2009).

The aim of this study was to examine the trophic struc-
ture and patterns of the distribution of landbirds in the
mosaic of savanna and forest physiognomies that are sub-
jected to annual flood cycles in the northeastern Pantanal,
Mato Grosso, Brazil. The seasons and habitats may be
important factors for determining the temporal and spatial
distribution of bird species, but in this dynamic ecosys-
tem, the species can also adapt to survive in all different
environmental conditions. The goals were to (i) evaluate
the influences of flood seasonality and habitat heteroge-
neity on spatiotemporal variation in bird composition,
abundance, and trophic structure; (ii) understand the im-
pact of species turnover and nestedness on patterns of
beta diversity; and (iii) analyze whether beta diversity
patterns are shaped by spatial processes (e.g., limited dis-
persal) or by differences in vegetation structure and com-
position that cause the floodplain vegetation mosaic.
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Materials and Methods

Study Area

Our study was carried out in the northeastern Pantanal in the
SESC (Serviço Social do Comércio) Pantanal area, Mato
Grosso, Brazil (16°39’S, 56°47’W) (Fig. 1). This region
covers approximately 4200 ha and is located on the floodplain
of the Cuiabá River, one of the major tributaries of the
Paraguay River within the Pantanal.

The regional climate is tropical humid with marked season-
ality between the winter and summer periods. The precipita-
tion varies between 1000 and 1500 mm and decreases in win-
ter, resulting in a very dry season (Junk et al. 2006b).
Following the seasonal trends in precipitation during the
Austral summer and the changes in river discharge, the river
floodplains of the northern Pantanal annually experience a
transition from terrestrial to aquatic ecosystems caused by
the river water overflow, local precipitation events, and/or
water seepage connections (Junk 1993). These annual flood
cycles may be divided into four seasons: dry, which is the
terrestrial phase caused by the strong hydric deficit from
July to September; rising water, which is when the rain starts

from October to December; wet, which is during the highest
levels of inundation from January to March; and the receding
water season, which is when the level of the water declines
fromApril to June (Heckman 1998). The characteristics of the
flood pulse vary annually depending on the volume of water
coming from the Cuiabá River and the changes in precipita-
tion, which are often associated with climatic anomalies (e.g.,
El Niño) (Ropelewski and Halpert 1987).

The Pantanal vegetation is considered a hyperseasonal sa-
vanna because of the prolonged inundation in an area where
savanna vegetation types predominate (Silva et al. 2000). This
ecosystem displays floristic elements of three important
morphoclimatic and phytogeographic domains: the Cerrado,
Amazonia, and the Chaco, making it a zone of ecological
tension (Silva et al. 2000; Junk et al. 2006b). Different drain-
age patterns, flooding characteristics, and geomorphologic
features create the conditions for a large variety of alluvial
ecosystems. The savanna vegetation types are the dominant
physiognomies (67.0%), followed by the swamp (7.4%), dry
forest (3.9%), pioneer formation such as monodominant
Vochysia divergens (Vochysiaceae) Cambarazal forest
(3.1%), gallery forest (2.4%), Chaco (0.5%), and other
(15.7%) physiognomies (Silva et al. 2000; Nunes da Cunha

Fig. 1 Study site in the
northeastern Pantanal, Mato
Grosso, Brazil
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et al. 2007). The area studied represents this rich mosaic of
different forest formations (e.g., monodominant forests,
semideciduous forests) and savannas (e.g., bushed savanna,
low tree and shrubby savanna, and steppic savanna), with
significant variations in floristic components and structural
vegetation.

Sampling design and data collection

Birds

We conducted data collection from July 2014 to July 2016
during two annual flood cycles. Eight sample sites, which
were separated by at least 1 km, were established in the land-
scape. To capture the variation in vegetation components, we
selected four savanna sites (Cerrado), which were character-
ized by scattered trees and a large proportion of grassland and
shrubs, and four forest sites, which were characterized by a
high proportion of large trees forming a mostly developed
canopy structure. Forests were sampled 26 times and savannas
25 times over the 24 months of data collection.

To acquire data on bird species abundance, we used mist
nets (Bibby et al. 2000) that were 9 m long by 2.7 m high with
20 mm× 20mmmesh; the nets were opened for 5 h starting at
sunrise (6 am to 11 am) and for 2 h before sunset (3 pm to
5 pm), which are periods correspondingwith high bird activity
(Robbins 1981). A total of 10 nets, which were 200 to 250 m
apart, were established in each of the eight areas for six con-
secutive days per season. The captured species were identified
and assigned according to the literature (Wilman et al. 2014)
into their main trophic positions (guilds), as follows: insecti-
vores (INS), omnivores (OMN), frugivores (FRU),
nectarivores (NEC), granivores (GRA), piscivores (PIS), and
carnivores (CAR). Avian nomenclature followed the South
American Classification Committee (Remsen et al. 2009).

Vegetation data

We analyzed the influences of vegetation on bird community
structure in two ways: first, by evaluating the effect of the
physiognomic aspects of vegetation, represented by two hab-
itat types, forest and savanna; and second, by assessing the
role of plant compositional and structural gradients on beta
diversity patterns. The plant compositional gradients were
represented by a few axes of the principal coordinate analysis
(PCoA) (Legendre and Legendre 2012) that summarized the
variation patterns in the abundance of plant species. We ran
the PCoA using the Bray–Curtis dissimilarity index, based on
quantitative (abundance data) matrices of the plant species
composition for the community analyses. Vegetation data
were acquired using the point-centered quarter method
(Mitchell 2007). This method consisted of the random estab-
lishment of 10 central points in each of the eight sample sites,

functioning as the center of a Cartesian plane defining four
quadrants. In each of the four quadrants, we measured the
smallest distance from the central point to the three closest
individuals in the three different life forms: trees (large and
middle size), shrubs, and palm trees. Thus, in each quadrant,
we obtained four measures of distance and used them to cal-
culate the absolute density of each plant species in each site.
Middle-sized trees were those with diameters greater than
10 cm and lower than 30 cm at breast height; large trees were
those with diameters greater or equal to 30 cm. All species
were identified through comparisons with specimens in the
Central Herbarium of the Federal University of Mato
Grosso, Cuiabá, Brazil. Scientific names were confirmed
using the reflora website (http://reflora.jbrj.gov.br).

Statistical Analyses

Measuring Beta Diversity

To quantify the general pattern of dissimilarity in species com-
position between sampling areas, total beta diversity
(BDTotal) was calculated using the Jaccard dissimilarity indi-
ces of the presence/absence species matrices considering the
two years of data sampling. The BDTotal is computed as the
total sum of squares of the distances between all sampling
pairs multiplied by n (n-1), producing the total variance, or
total beta diversity (BDTotal) (Legendre 2014). BDTotal
varies between 0 (no difference in species composition) and
1 (completely different set of species). Because beta diversity
covers different aspects of the community variation (Tuomisto
2010), total beta diversity was broken down into replacement
and nestedness components (Baselga 2010). The replacement
or turnover represented the proportion of unshared species
among all sampling units (Anderson et al. 2011), while the
richness difference (i.e., nestedness) indicated that the bird
community of a certain area is a smaller subset of the species
found in another area (Legendre 2014). We conducted this
analysis in the R software using the beta.multi function of
the betapart package.

The analysis of the local contribution to beta diversity
(LCBD) was used to examine the degree of uniqueness of
the species composition of each sampling unit. The LCBD is
an index that shows how much each site contributes to the
total dissimilarity between sites. It is calculated as the diagonal
values of the Gower-centered dissimilarity matrix computed
using PCoA. The furthest sites relative to the graph centroid
are the most exceptional or unique (De Cáceres and Legendre
2013; Legendre 2014). We tested the significance of the
LCBD using random and independent permutations of the
species matrix, which test whether species are randomly and
independently distributed between the sampling sites. The
LCBD indices were also extended to replacement and
nestedness, indicating that underlying ecological processes
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were driving site differences (Legendre 2014). Next, the
Spearman correlation was applied to investigate the relation-
ship between the LCBD indices and species richness, thus
elucidating whether the higher LCBD indices represented
sites with high or low numbers of species.

Effects of Flood Season and Habitat Type on Landbird
Community Structure

To evaluate the effects of seasonality (i.e., rising, wet, reced-
ing, and dry seasons) and the two habitat types (i.e., savanna
and forest) on the variation in the abundance of landbird spe-
cies, we used permutational multivariate analysis of variance
(PERMANOVA). PERMANOVAwas run with 9999 permu-
tations using the Bray–Curtis dissimilarity measurement to
calculate the pseudo-F that shows the differences in dissimi-
larity between the treatments (Anderson and Walsh 2013).
Next, we applied the SIMPER test (similarity percentage anal-
ysis) to examine the contribution of each species to the aver-
age similarity within groups (Clarke 1993). This method
consisted of calculating the Bray–Curtis dissimilarity among
all pairs of samples and examining the relative dissimilarity
contributed by each species.

Spatial and Environmental Drivers of Beta Diversity

To investigate changes in landbird community structure along
spatial (sample geographic location) and environmental gra-
dients (vegetation–PCoA axes) in the floodplain, we applied a
generalized dissimilarity model (GDM) with the Bray–Curtis
bird dissimilarity matrix (Ferrier et al. 2007). The GDM is a
nonlinear matrix regression technique for analyzing spatial
patterns in the compositional dissimilarity between pairs of
locations as a function of environmental dissimilarity and geo-
graphic distance. We used the default setting of the three I-
spline basis functions per predictor. The I-splines show the
rate of biological changes that is an estimate of beta diversity
and represented by the partial ecological distance, according
to the geographic distances (i.e., geographic coordinates) and
the plant composition gradient (PCoA axes) (Ferrier et al.
2007). The I-spline represents the total amount of composi-
tional replacement associated with each variable, and as a
partial regression, it works as an indication of the importance
of each variable in determining patterns of beta diversity. The
shape of the curves generated by the I-spline indicates the
variation rate of species replacement and the contribution of
the species to the ecological distances between sites (Ferrier
et al. 2007). We performed analyses using the gdm function in
the R package (Manion et al. 2014). Before doing so, we
applied the Mantel test to identify correlations between time
(i.e., date of data collection) and bird species dissimilarity,
thus avoiding mistakes in interpretations as a result of

temporally autocorrelated data (Legendre and Fortin 2010;
Legendre and Legendre 2012; Legendre et al. 2015).

Results

Landbird Community Structure and Composition

Over the two annual cycles (2014–2016), we captured 2.107
individuals (landbirds: 2.028 ind., 96.26%; (semi)aquatic
birds (three kingfisher species and one heron were
considered for this study; Online Resource 2): 79 ind.,
3.74%) from 135 species, 107 genera, and 28 families. The
most representative families were Tyrannidae (34 spp.; 25%;
400 ind.), Thraupidae (17 spp.; 13%; 452 ind.), and
Furnariidae (15 spp.; 11%; 276 ind.), followed by
Thamnophilidae (11 spp.; 8%; 241 ind.) and Trochilidae (9
spp.; 6%; 223 ind.). The numbers of bird species and individ-
uals in the savannas and forests for each of the four flood
seasons are summarized in Fig. 2. The savanna areas were
richer and more abundant in species (1589 ind.; 120 spp.) than
were the forest areas (518 ind.; 65 spp.) (Fig. 2). Of the total
number of species (135) in the study site, 69 were exclusive to
savanna and 15 to forest areas. Unlike in the savanna habitats,
the variation in flood conditions affected the community struc-
ture in forests to a greater degree, with the number of individ-
uals and species dropping by half from the rising season (205
ind.; 46 spp.) to the receding period (46 ind.; 20 spp.). The
general trend throughout the two years of the flood cycles was
a decrease in the landbird species richness from the rising
season (44 spp.) to the receding period (20 spp.).

The most abundant species in the study areas were
Ramphocelos carbo (131 ind.), an omnivorous species,
and the insectivorous Synallaxis albilora (103 ind.).
Insectivore birds (961 ind.; 46%) were the most repre-
sentative group during the four flood seasons during the
two studied years, followed by omnivores (587 ind.;
28%), nectarivores (223 ind.; 10.6%), and granivores
(186 ind.; 8.8%). All trophic guilds were prevalent in
savanna habitats (Fig. 3), except frugivores and
piscivores, which dominated the forest habitats.
Frugivores increased in numbers during the first rains,
while nectarivores were most abundant during the rising
and wet seasons in savanna habitats.

Patterns of Beta Diversity Affected by the Flood Cycle
and Habitat Type

The bird assemblage showed very high overall dissimi-
larity, with a Jaccard index of 0.86, with 86% attributed
to species replacement and 14% to species nestedness.
This high dissimilarity reflects the reduced number of
species shared between some habitats, in particular
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between some savannas and forests that represented
11% of shared species. On the other hand, low values
of dissimilarity were also found, especially among sa-
vanna habitats, indicating up to 80% of shared species,
with a Jaccard index of 0.42. In general, forest habitats
shared fewer species with other areas. Nevertheless, the
proximity between some of the forest and savanna sites
(sites 7 and 8) might have increased their similarities,
with 73% of species shared.

The dissimilarities in species composition between sites
increased from the dry season (J = 0.89) to the wet season
throughout the flood cycle, with the wet season as the most
dissimilar (J = 0.93) (Fig. 4). Species replacement remained
the main process that explained the patterns of beta diversity
across all seasons. Nevertheless, during the wet season, when
the flooding achieved a maximum, nestedness began to play a
major role, with the contribution increasing from 15% to 19%
of the observed beta diversity pattern. In the wet season, there

Fig. 2 The variance in avian
species richness and abundance
during the four hydrological
stages (dry, rising, wet, and
receding) of the annual flood
cycle and between the two
phytophysiognomic groups:
forest (left side) and savanna
(right side) in the northeastern
Pantanal, Mato Grosso, Brazil.
The dataset covers two annual
flood cycles: (a) 2014–2015 and
(b) 2015–2016. The pattern of
variability in avian richness and
abundance over the whole two
years (2014–2016) is shown in
(c). The annual flood cycle is
marked by a peak of flooding,
when the water level may reach
approximately 2 m in height and a
dry period after flooding recedes
(blue line)
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seemed to be a departure of species with specific requirements
from the forest habitats, resulting in decreased species rich-
ness and increased overall community dissimilarities. The be-
ginning of the rainy season, when flood water rose, was the
period of greatest similarity between the bird assemblages. At
that time, the species richness increased the novelty of com-
munity composition within each site and decreased the overall
dissimilarity in the floodplain. This increase might have been
related to niche expansion during a period of higher food
supply for frugivorous and piscivorous birds. After the wet
season, when floodwater receded, site connectivity started to
re-establish, but the long-term flooding for some sites (site 7)
had a significant impact on biodiversity, causing species loss.

The local contributions to beta diversity (LCBD) ranged
from 0.0 to 0.18 and negatively correlated with species rich-
ness (r = −0.45, p < 0.001) in all flood seasons (Fig. 4). This
result indicated that in general, sites with higher uniqueness
presented a lower number of species. This was the case for site
3, a forest habitat that occasionally flooded and had a restrict-
ed distribution in the floodplain. Such uniqueness was then
more attributable to the low number of bird species (fewer
than 5 in site 3) than to the existence of an exclusive set of
species, as demonstrated by the high number of shared species
in this area (70% to 90%). Nevertheless, site contribution to

beta diversity patterns varied among flood seasons, particular-
ly during the two extremes of the flood cycle at the ends of the
dry and wet seasons. Site 6, for instance, was a savanna that
experienced a high flood intensity and was dominated by a
very small number of shrub species, which introduced many
novel species into the bird community, mainly during the wet
season, when it maintained an elevated richness (32 species)
related to a high species turnover. Similarly, site 7, which was
a forest site that flooded for more than 5 months, was one of
the richest forest sites but, unlike site 6, had a high richness
that was present during both the dry and rising water seasons.
In contrast, during the wet and receding seasons, this site
presented a high LCBD associated with a substantial drop in
the number of bird species. In summary, although the differ-
ences in richness in a small pool of birds were mostly deter-
mined by differences in the bird communities in the forest
habitats, species turnover explained the differences between
the bird-rich savanna habitats.

The PERMANOVA analysis confirmed that the structure
and composition of the bird communities varied significantly
throughout the seasons (F = 1.593, p = 0.01, 7% of contribu-
tion) and to a greater extent between habitat types (F = 11.059,
p = 0.0001, 17% of contribution). According to the SIMPER
test, the 16 species with the highest average contributions to

Fig. 3 The number of avian guild
members between seasons and
habitats in the northeastern
Pantanal, Mato Grosso, Brazil,
over the seasons from 2014 to
2016. Guilds: CAR: carnivores,
FRU: frugivores, GRA:
granivores, INS: insectivores,
NEC: nectarivores, OMN:
omnivores, PIS: piscivores
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the overall dissimilarity between seasons and habitats were
Amazilia fimbriata (NEC), Cercomacra melanaria (INS),
Chloroceryle aenea (PIS), Cnemotriccus fuscatus (INS),
Coereba flaveola (OMN), Columbina talpacoti (GRA),
Dysithamnus mentalis (INS), Elaenia chiriquensis (OMN),
Hemitriccus margaritaceiventer (INS), Hypocnemoides
maculicauda (INS), Phaethornis nattereri (NEC), Pipra
fasciicauda (FRU), Ramphocelos carbo (OMN), Saltator
coerulescens (OMN), Sporophila angolensis (GRA), and
Synallaxis albilora (INS) (Online Resource 1). The changes
in the abundances of these 16 species were responsible for up
to 50% of the average dissimilarity between habitat types and
flood seasons. Synallaxis albilora and R. carbo were the most

abundant species in the dry season (average of 3.41 and 3.16
individuals, respectively). Chloroceryle aenea (American
Pigmy Kingfisher), which lives and feeds close to riverbanks,
almost disappeared during the dry season (0.25 ind.), and
presented its highest population during the rising season
(1.73 ind.) and was seemingly insensitive to habitat type.
The nectarivores A. fimbriata and P. nattereri were found in
all seasons in similar proportions and in both habitats but
predominated in the savannas. Columbina talpacoti was ex-
clusive to savanna habitats, with increased abundance during
the rising season. The savanna-restricted tyrannid
E. chiriquensis was present in the receding season, when it
jumped from 0 to 2.83 individuals.

Fig. 4 Local contribution to avian
beta diversity (LCBD) in the
northeastern Pantanal, Mato
Grosso, Brazil, over the seasons
from 2014 to 2016. Each of the
eight sampling sites is shown,
indicating their degree of
uniqueness in species
composition to the total
dissimilarity. The geographic
positions of the savanna (orange)
and forest sites (green) are
displaced. The relation between
the LCBD values and species
richness is shown in (first
column). The site contributions to
beta diversity (circle size) in each
flood season (i.e., dry (a), rising
(b), wet (c), receding (d)) were
divided into replacement (second
column) and nestedness compo-
nents (third column). Sites with
LCBD <0 are not shown
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The Effects of Plant Composition and Geographic
Distances on Beta Diversity

The Mantel test indicated that there was no significant tempo-
ral autocorrelation between the bird assemblages sampled at
the 90-day intervals, which corresponds to the interval found
between the four flood seasons. According to the GDM, geo-
graphic distance and plant composition gradients explained
58% of the deviance in observed bird community dissimilar-
ities (Fig. 5a). The relative importance of the predictor vari-
ables differed strongly, showing a higher importance of plant
compositional gradients on bird compositional replacement,
whereas geographic distance was of considerably less impor-
tance, as indicated by the sum of the I-spline coefficients (Fig.
5b). The maximum height of each spline indicates the magni-
tude of the total biological change along that gradient (Fig. 5c
and d). The sites that were separated from each other by up to
600 m showed the most pronounced rates of biological re-
placement (Fig. 5c). In contrast, we expected that the closer
sites presented lower turnover rates because of the limited
dispersal of birds, but the high habitat heterogeneity at short
distances might have enhanced the landscape diversity. A
quick and significant change in bird assemblages was related

to the changes in both vegetation structure and composition,
with these differences marked by a transition from shrub-
dominated plant communities to tree-rich forest communities
(Fig. 5d). The most pronounced changes in bird communities
were observed within the forest habitats, highlighting the roles
of habitat isolation and food supply on the differences found
among the four forest habitats: the wetter forests had the
richest and most distinct bird compositions.

Discussion

Studies have shown the importance of vegetation heterogene-
ity and flooding cycles on the structure and dynamics of the
bird community of the Pantanal (Cintra and Yamashita 1990;
Figueira et al. 2006). The present study deepens the discussion
of the ecological processes involved in the landbird strategies
for dealing with seasonality that result in the annual spatial
(re)organization of bird community members. Despite the low
bird endemism in the Pantanal, where 60% of the birds are
considered generalists that live in a wide variety of geographic
areas (Brown 1986), the spatial and seasonal variation in hab-
itat conditions resulted in high species turnover. The habitat

Fig. 5 Generalized dissimilarity
model (GDM) of the avian
community in the northeastern
Pantanal, Mato Grosso, Brazil,
over the seasons from 2014 to
2016. (a) The relationship
between observed compositional
dissimilarity of each site-pair for
all avifauna and the linear
predictor of the regression from
the GDM (predicted ecological
distance between site-pairs), (b)
proportion of total explained
deviation attributable to the
geographic distances (GDs) and
vegetation principal coordinates
analysis (PCoA-V), (c and d)
GDM-fitted I-splines (partial
regression fits) for variables
significantly associated with bird
beta diversity for all eight sites
(savanna and forest). The
ecological partial distance
indicates the relative importance
of the predictor to the turnover
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preference, diversification of bird diet, and seasonal migratory
behavior lead to niche partitioning due to the fluctuation in
resource availability (Figueira et al. 2006; Riegert et al. 2011;
Signor and Pinho 2011; Pinho et al. 2017).

A total of 463 bird species have been identified in the
Pantanal (Petermann 2011). At our study site, we recorded a
total of 135 species, which comprise approximately 40% of all
landbird species known to be found in the Pantanal. The birds
with the most diverse habitat preferences within the forest
strata were captured in the mist nets. According to the defini-
tions of Stotz et al. (1996) for avian species strata preference,
the following 11 preference categories were represented
among the 135 species captured in this study: canopy, 38
spp. (28.15%); midstory, 5 spp. (3.71%); midstory to canopy,
14 spp. (10.37%); terrestrial, 9 spp. (6.67%); terrestrial to
canopy, 7 spp. (5.19%); terrestrial to midstory, 2 spp.
(1.49%); terrestrial to understory, 5 spp. (3.71%); terrestrial
and aquatic, 1 sp. (0.74%); understory, 23 spp. (17.04%); un-
derstory to canopy, 14 spp. (10.37%); and understory to
midstory, 17 spp. (12.60%). In view of these observations,
the mist nets not only sampled understory species but also
species from all other strata, showing that the mist nets were
not a limiting methodology in surveying the local avifauna.

In this study, 11% of species were forest-exclusive, 51%
preferred savanna habitats, and 38% occurred in both habitats.
Insectivores, such as Attila bolivianus, Celeus flavus,
Coccyzus euleri, Dendrocolaptes platyrostris, Leptopogon
amaurocephalus, Monasa nigrifrons, Pyriglena leuconota,
and Thamnophilus amazonicus, occurred exclusively in forest
habitats. Forest-dependent species are particularly susceptible
to land conversion and are the first groups to decline in forest
landscapes with a reduced amount of habitat (Devictor et al.
2008; Yabe et al. 2010; Morante-Filho et al. 2015). The loss of
forest habitats in the Pantanal affects migratory routes for
foraging and reproduction, threatening bird species with local
extinction (Pinho et al. 2017). Attila bolivianus, for instance,
occurs in the wet forests along the Amazon River and accesses
the Pantanal through riverine forests (Sigrist 2009), making it
highly susceptible to land-cover changes.

Habitat heterogeneity emerged as the major factor over
flood seasonality for explaining variation in species composi-
tion and bird community structure. In contrast to expectations,
savannas showed a higher number of bird species compared
with that in forests, which also presented higher values of
nestedness (Fig. 6). These results suggest that the sparse un-
derstory vegetation of some forest habitats may have contrib-
uted to the lower number of bird species. The spatial distribu-
tion pattern of birds implies both their preferences for specific
vegetation structure and for specific floristic associations ac-
cording to availability of foods such as fruits and flowers over
the seasons (Power 1975; Rotenberry 1985). Some studies
have shown that the spatial distribution of frugivorous, gra-
nivorous, and nectivorous birds may have direct associations

with certain plant species (Trainor 2002; Fleishman et al.
2003; Díaz 2006; Gil-Tena et al. 2007; Hanzelka and Reif
2016). In general, granivorous and nectivorous birds occurred
mainly in savanna physiognomies (i.e., shrubby savanna,
steppic savanna) in areas where the grass coverage was high,
especially during the aquatic phase (Rebellato and Nunes da
Cunha 2005). This association indicates the importance of
these birds for conserving natural pastures that are subjected
to seasonal flooding. In agreement with our results, the diver-
sity and abundance of this guild is considered to be higher in
open Cerrado vegetation than in forest areas (Motta-Júnior
1990; Silva 1992; Piratelli and Pereira 2002). This pattern
probably traces to the sparse understory with few grasses in
seasonally flooded forest habitats (Arieira and Nunes da
Cunha 2006).

The predominance of insectivorous and omnivorous spe-
cies in the floodplain, however, is considered to be less influ-
enced by plant specificity because insectivores do not respond
directly to plant species but to the arthropods living above and
on the ground (MacArthur et al. 1966; Rotenberry and Wiens
1980; Rotenberry 1985). The omnivores might respond to
habitat heterogeneity and climate seasonality by switching
food options and using strategies to coexist, such as moving
between vegetation patches (Tubelis and Tomás 1999;
Figueira et al. 2006). The ability of the birds to move among
habitat fragments depends on the degree of landscape frag-
mentation (i.e., isolation and patchy areas) and varies accord-
ing to the body mass of each species (Figueira et al. 2006;
Yabe et al. 2010). Larger birds will need more resources and
consequently will explore larger areas, while smaller birds as
Passerines may be adapted to explore smaller natural
fragmented landscapes (Yabe et al. 2010). In our study, we
found a weak effect of spatial processes on beta diversity,
suggesting that dispersal limitations might not strongly affect
patch occupancy. This finding emphasizes the predominant
effect of habitat heterogeneity on species segregation.

The annual flood pulse may drastically change ecosys-
tem characteristics by switching them from terrestrial to
aquatic systems, increasing primary productivity and
changing biodiversity (Junk et al. 2006b). The seasonality
in the availability of food resources such as fruits, nectar,
or arthropods helps to explain seasonal patterns in bird
distribution and abundance, forcing some bird species to
alternate between resources over the seasons or migrate to
find better conditions (Terborgh and Winter 1983; Bodmer
1990; Adis et al. 2001; Adis and Junk 2002; Marques et al.
2007; Battirola et al. 2007; Battirola et al. 2010). Some
evidence suggests that several bird species of the
Pantanal engage in either seasonal or occasional move-
ments between the Pantanal and the surrounding plateau
(Pinho et al. 2017). This dynamic may explain the changes
in the richness, abundance, and patterns of beta diversity
during the flood seasons and among the habitats and
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indicates the occurrence of niche partition over space and
time (Miyazaki et al. 2006; Riegert et al. 2011).

The annual and historical climatic and resource instability
has been associated with the predominance of resident and
omnivore species in the Pantanal (Willis 1979; Figueira
et al. 2006; Signor and Pinho 2011). Corroborating these find-
ings, we found 118 spp. of resident birds (87%), a result sim-
ilar to that found by the work of Cintra and Yamashita (1990)
(73% resident species), which used mist nets together with
field observations. Resident species, such as the omnivores
Ramphocelus carbo and Saltator coerulescens, that remain

in the floodplain regardless of the season might explore a
variety of food resources when resources are abundant, and
competition is reduced. This response might also occur during
the rising season; a similar but opposite trend of a narrowing
diet when competition is high and food availability is lower
might occur in the dry and wet seasons, which requires to
further research. These species are known as ‘imperfect gen-
eralists’ because they may switch from being food generalists
to using specific resources in response to resource availability.
Some species from the most abundant guilds of insectivores
also may behave like imperfect generalists, such as Celeus

Fig. 6 Number and percentage of nonshared and shared species in trophic
guilds between savanna and forest habitats over the four seasons (dry,
rising, wet, receding) from 2014 to 2016 in the northeastern Pantanal,
Mato Grosso, Brazil. Highlighted information in light blue indicates data

on insectivores, and in dark blue indicates data on omnivores. The total
number of species for each guild is presented in far left and right of the
graphs. Guilds: INS: insectivores, OMN: omnivores, GRA: granivores,
NEC: nectarivores, FRU: frugivores, PIS: piscivores, CAR: carnivores
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flavus, which occasionally feeds on small fruits (Sigrist 2009).
Despite their diet plasticity and wise use of habitat heteroge-
neity, flood pulse affects many species (Figueira et al. 2006),
decreasing or increasing their abundances in response to an-
nual changes at the beginning and end of each of the four
flood seasons, which are controlled by climate fluctuations
(Fig. 2). The higher number of seasonal migrants in the
Pantanal compared to that in other Neotropical forests (72%
in Robinson et al. 2000, and 73% in Anjos et al. 2007) and the
flexibility of these species to annual variation in timeline of
the floods and droughts (Pinho et al. 2017) emphasizes the
impacts of seasonal changes driven by periodic flooding.

The dry season, which corresponds to the Austral winter in
the Pantanal, involves a (re)colonization of the floodplain after
a long period of food scarcity and an increase in abundance of
resident and seasonal migratory birds (Pinho et al. 2017). The
arrival of some regional migrants in the Pantanal coincides
with an increase in arthropod abundance, especially in savan-
na habitats (Lopes et al. 2016). Regional migrants, which
comprised 17 of the recorded bird species in the present study
(13%), may show flexible migratory behavior by exploring
favorable times of the year to feed or reproduce in the
Pantanal wetland (Figueira et al. 2006; Pinho et al. 2017).
High bird density in savanna habitats increases interspecific
competition, resulting in species segregation among different
habitats and explaining species turnover as the main compo-
nent of beta diversity (Figueira et al. 2006; Signor and Pinho
2011). Compositional differences among forest habitats, in
contrast, are more affected by species loss, offering evidence
of the low resource availability (Fjeldså 1999; Khanaposhtani
et al. 2012). Despite the low number of species at these sites,
forests contributed the most to the spatial differences in spe-
cies composition throughout the floodplain.

The rising water season is associated with the fruiting of
many forest trees and the germination and reproduction of
many grasses, forbs, and aquatic macrophytes (Pott and Pott
2000). This period coincides with a gain in specialized guilds
such as frugivores, nectarivores, graminivores, carnivores,
and piscivores at the expense of insectivores and omnivores.
The increase in plant resources for frugivores at this time
increased the differences in community composition among
the different forest types, i.e., evergreen and seasonal forests,
increasing species turnover among these areas compared to
that in the dry season. At the same time, at the peak of food
resources in the floodplain, high food supply and low compe-
tition might have favored a broad diet, reducing habitat seg-
regation (Riegert et al. 2011). The direct response of the guild
specialists to increased food resources promoted by the rainy
period demonstrates the strong impact that climate change
may have on bird population dynamics. Reduction or alter-
ation of fruiting periods could strongly affect frugivores such
as the regional migrant Pipra fasciicauda (Terborgh and
Winter 1983; Terborgh 1986; Peres 1994), leading them to

lose their seasonal migratory habitat during flooding (Pinho
et al. 2017).

The receding and wet seasons presented the highest aver-
age compositional dissimilarity, illustrating a reduction in hab-
itat availability and food resource abundance when a great part
of the floodplain becomes waterlogged. These changes caused
an increase in the nestedness component of beta diversity,
mainly when the flood water level was highest and the quan-
tity of available resources might have a major effect on bird
community dissimilarities. During the wet period, the num-
bers of bird species decreased, especially in forest habitats,
probably because the inundated forest becomes restrictive
for foraging and nesting, particularly by understory birds
(Pinho et al. 2017). In addition, the sparse vegetation in the
understory is thought to decrease bird diversity in these hab-
itats (Fjeldså 1999; Khanaposhtani et al. 2012). Despite the
loss of species richness as an explanation of the differences
among forest habitats, seasonal flood migrants, i.e.,
Dysithamnus mentalis (Pinho et al. 2017), appeared in the
wet season, bringing uniqueness to riverine forest sites (site 1).

Figueira et al. (2006) stated that forest habitats are richer
and more stable than savannas like the Cerrado based on the
ratio of seasonal versus resident species. Here, we consider
community resilience as the changes in the species composi-
tion and structure of the overall community affected by envi-
ronmental variation caused by the annual flood cycle (Ives and
Carpenter 2007). From this perspective, the Pantanal landbird
community is not stable but is instead very dynamic, with
ecological processes varying among the different habitat
types. Thus, the replacement of food resources in savanna
habitats throughout the year was associated with greater sta-
bility in terms of species richness. However, the replacement
of a generalist avian community with more specialized species
assemblages highlights the transitional quality of these com-
munities, changing the nature and strength of interactions
among species (Ives and Carpenter 2007).

Forest habitats may be considered susceptible to land-
scape changes because of the presence of many forest-
restricted bird species and the high pattern of nestedness
structuring the bird assemblages. The loss of species within
the forest patches will make later species replacement dif-
ficult in the severely fragmented areas because of dispersal
limitations (Baselga 2010), indicating that the habitat type
has lower resilience to disturbance. On the other hand, in
savannas, drier climate conditions are thought to have a
great impact on bird richness and species turnover because
an increase in fire frequency would change the structure
and the composition of the vegetation (Durigan and Ratter
2015; Van Langevelde et al. 2003). Wet forests may show
greater resilience to climate fluctuations in the short term
because the soil moisture levels remain more constant dur-
ing the dry season. Thus, the conservation of the birds of
the Pantanal depends on the maintenance of the high
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spatial habitat heterogeneity pinned to hydrological
seasonality.

The pronounced turnover rate of landbirds in different hab-
itats that was observed in the northeastern Pantanal indicates
the importance of the different environmental drivers triggered
by the flood pulse, which, in turn, affects the availability of the
resources and dispersal capacities of the local avifauna. These
ecological processes generate differences in the distribution of
species throughout the seasons in response to environmental
and habitat heterogeneity gradients. Insectivorous and omniv-
orous species were the predominant guilds during the seasons.
The dry and rising seasons experienced increases in species
richness and abundance in savannas, whereas forests, despite
being less rich in bird species, offer specific habitat conditions
related to food availability during the wet season in which a
new set of forest-specialized birds appear. The type of vege-
tation structure was the main determinant of the dissimilarity
of these areas. Forest and savanna environments presented a
clear differentiation in the composition of bird species due to
the structure of the vegetation. This novel information contrib-
utes to the understanding of how landbirds respond to season-
al changes in wetlands, such as the Pantanal, and allows the
prediction of possible losses in avian diversity if natural envi-
ronmental conditions are altered. Our study shows the impor-
tance of conserving large areas of the Pantanal with different
forest and savanna physiognomies adapted to their dynamic
natural hydrological cycle to ensure the protection of avian
species.

Acknowledgments We greatly appreciate the financial support from the
following institutions: Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior, Brasil (CAPES); Instituto Nacional de Ciência e
Tecnologia em Áreas Úmidas (INAU/UFMT/CNPq/INCT); Centro de
Pesquisa do Pantanal (CPP); and the Brehm Funds for International
Bird Conservation (BF), Germany. Furthermore, we thank the SESC
Pantanal administration for permission to conduct research on their prop-
erty and for their logistical help with our fieldwork. The study is part of
the biodiversity monitoring project: Sounds of the Pantanal,
Computational Bioacoustics Research Unit (www.cobra.ic.ufmt.br,
INAU/UFMT/CNPq/INCT), conducted under SISBIO permit no.
39095 (K.-L. Schuchmann).

Compliance with Ethical Standards

Conflict of Interest The authors declare no conflict of interest with any
data or information provided in this manuscript.

References

Adamoli JO (1982) Pantanal e suas relações fitogeográficas com os
cerrados. Discussão sobre o conceito de "Complexo do Pantanal".
In: Anais do 32o Congresso Nacional de Botânica. Sociedade
Botânica do Brasil, Teresina, pp 109–119

Adis J, Junk WJ (2002) Terrestrial invertebrates inhabiting lowland river
floodplains of Central Amazonia and Central Europe: a review.
Freshwater Biology 47:711–731

Adis J, Marques MI, Wantzen KM (2001) First observations on the sur-
vival strategies of terricolous arthropods in the northern Pantanal
wetland of Brazil. Andrias 15:127–128

Aleixo A (1999) Effects of selective logging on a bird community in the
Brazilian Atlantic Forest. Condor 101:537–548

Anderson MJ, Walsh DCI (2013) PERMANOVA, ANOSIM, and mantel
test in the face of heterogeneous dispersions: what null hypothesis
are you testing? Ecological Monographs 83:557–574

AndersonMJ, Ellingsen KE,McArdle BH (2006)Multivariate dispersion
as a measure of beta diversity. Ecology Letters 9:683–693

Anderson MJ, Crist TO, Chase JM, Vellend M, Inouye BD, Freestone
AL, Sanders NJ, Cornell HV, Comita LS (2011) Navigating the
multiple meanings of β diversity: a roadmap for the practicing ecol-
ogist. Ecology Letters 14:19–28

Anjos L, Volpato GH, Lopes EV, Serafini P, Poletto F, Aleixo A (2007)
The importance of riparian forest for the maintenance of bird species
richness in an Atlantic forest remnant, southern Brazil. Revista
Brasileira de Zoologia 24:1078–1086

Antas PTZ (1994) Migration and other movements among the lower
Paraná River valley wetlands, Argentina, and the South Brazil/
Pantanal wetlands. Bird Conservation International 4:181–190

Arieira J, Nunes da Cunha C (2006) Fitossociologia de uma floresta
inundável monodominante de Vochysia divergens Pohl
(Vochysiaceae), no Pantanal Norte, MT, Brasil. Acta Botanica
Brasilica 20:569–580

Baláž M, Balážová M (2012) Diversity and abundance of bird commu-
nities in three mountain forest stands: effect of the habitat heteroge-
neity. Polish Journal of Ecology 60:629–634

Baselga A (2010) Partitioning the turnover and nestedness components of
beta diversity. Global Ecology and Biogeography 19:134–143

Battirola LD, Adis J, Marques MI, Silva FHO (2007) Comunidade de
artrópodes associada à copa de Attalea phalerataMart. (Arecaceae),
durante o período de cheia no Pantanal de Poconé, Mato Grosso,
Brasil. Neotropical Entomology 36:640–651

Battirola LD, Marques MI, Brescovit AD, Neto GHR, Anjos KC (2010)
Community of ground Araneae (Arthropoda, Arachnida) in a sea-
sonally flooded forest in the northern region of Pantanal of Mato
Grosso, Brazil. Biota Neotropica 10:173–183

Bibby CJ, Burgess ND, Hill DA, Mustoe SH (2000) Bird census tech-
niques. Academic Press, London

Bodmer RE (1990) Responses of ungulates to seasonal inundations in the
Amazon floodplain. Journal of Tropical Ecology 6:191–201

Boncina A (2000) Comparison of structure and biodiversity in the
Rajhevan virgin forest remnant and managed forest in the Dinaric
region of Slovenia. Global Ecology and Biogeography 9:201–211

BrownKS (1986) Zoogeografia da região do PantanalMatogrossense. In:
I Simpósio sobre Recursos Naturais e Sócio-Econômicos do
Pantanal. Embrapa Pantanal, Corumbá, pp 137–182

Cintra R, Yamashita C (1990) Habitats, abundância e ocorrência das
espécies de aves do Pantanal de Poconé, Mato Grosso, Brasil.
Papeis Avulsos de Zoologia 37:1–21

Clarke KR (1993) Non-parametric multivariate analyses of changes in
community structure. Australian Journal of Ecology 18:117–143

Condit R, Pitman N, Leigh EG, Chave J, Terborgh J, Foster RB, Nuñez P,
Aguilar S, Valencia R, Villa G, Muller-Landau HC, Losos E,
Hubbell SP (2002) Beta-diversity in tropical forest trees. Science
295:666–669

De Cáceres M, Legendre P (2013) Beta diversity as the variance of com-
munity data: dissimilarity coefficients and partitioning. Ecology
Letters 16:951–963

Devictor V, Julliard R, Jiguet F, Couvet D (2008) Distribution of specialist
and generalist species along spatial gradients of habitat disturbance
and fragmentation. Oikos 117:507–514

Díaz L (2006) Influences of forest type and forest structure on bird com-
munities in oak and pine woodlands in Spain. Forest Ecology and
Management 223:54–65

Wetlands

http://www.cobra.ic.ufmt.br/


Durigan G, Ratter JA (2015) The need for a consistent fire policy for
Cerrado conservation. Journal of Applied Ecology 53:11–15

Ferrier S, Manion G, Elith J, Richardson K (2007) Using generalized
dissimilarity modelling to analyse and predict patterns of beta diver-
sity in regional biodiversity assessment. Diversity and Distributions
13:252–264

Figueira JEC, Cintra R, Viana LR, Yamashita AC (2006) Spatial and
temporal patterns of bird species diversity in the Pantanal of Mato
Grosso, Brazil: implications for conservation. Brazilian Journal of
Biology 66:393–404

Fjeldså J (1999) The impact of human forest disturbance on the endemic
avifauna of the Udzungwa Mountains, Tanzania. Bird Conservation
International 9:47–62

Fleishman E, Nally RM, Murphy DD, Walters J, Floyd T (2003) Effects
of floristics, physiognomy and non-native vegetation on riparian
bird communities in a Mojave Desert watershed. Journal of
Animal Ecology 72:484–490

Gil-Tena A, Saura S, Brotons L (2007) Effects of forest composition and
structure on bird species richness in a Mediterranean context: impli-
cations for forest ecosystem management. Forest Ecology and
Management 242:470–476

Hanzelka J, Reif J (2016) Effects of vegetation structure on the diversity
of breeding bird communities in forest stands of non-native black
pine (Pinus nigra a.) and black locust (Robinia pseudoacacia L.) in
the Czech Republic. Forest Ecology and Management 379:102–113

Heckman CW (1998) The Pantanal of Poconé. Kluwer Academic
Publishers, Dordrecht

Hubbell SP (2001) The unified neutral theory of biodiversity and bioge-
ography. Princeton University Press, Princeton

Ives AR, Carpenter SR (2007) Stability and diversity of ecosystems.
Science 317:58–62

Jankowski J, Ciecka AL, Meyer NY, Rabenold KN (2009) Beta diversity
along environmental gradients: implications of habitat specialization
in tropical montane landscapes. Journal of Animal Ecology 78:315–
327

Junk WJ (1993) Wetlands of tropical South America. In: Hejny S,
Dykyjova D (eds) Whigham Df. Wetlands of the World. Kluwer
Publishers, Netherlands, pp 679–739

JunkWJ, Bayley PB, Sparks RE (1989) The flood pulse concept in river-
floodplain systems. In dodge DP (ed) proceedings of international
large river symposium. Canadian special publication of fisheries and
aquatic sciences 106, Ontario, pp 110–127

Junk WJ, Brown M, Campbell IC, Finlayson M, Gopal B, Ramberg L,
Warner BG (2006a) The comparative biodiversity of seven globally
important wetlands: a synthesis. Aquatic Sciences 68:400–414

JunkWJ, Nunes da Cunha C, Wantzen KM, Petermann P, Strussmann C,
MarquesMI, Adis J (2006b) Biodiversity and its conservation in the
Pantanal of Mato Grosso, Brazil. Aquatic Sciences 68:278–309

JunkWJ, Piedade MTF, Lourival R, Wittmann F, Kandus P, Lacerda LD,
Bozelli RL, Esteves FA, Nunes da Cunha C, Maltchik L, Schongart
J, Schaeffernovelli Y, Agostinho AA (2014) Brazilian wetlands:
their definition, delineation, and classification for research, sustain-
able management, and protection. Aquatic Conservation-Marine
and Freshwater Ecosystems 24:5–22

Katuwal HB, Basnet K, Khanal B, Devkota S, Rai SK, Gajurel JP,
Scheidegger C, Nobis MP (2016) Seasonal changes in bird species
and feeding guilds along elevational gradients of Central Himalayas,
Nepal. PLoS One 11(7):e0158362

Kessler M, Abrahamczyk S, Bos M, Buchori D, Putra DD, Gradstein SR,
Höhn P, Kluge J, Orend F, Pitopang R, Saleh S, Schulze CH, Sporn
SG, Steffan-Dewenter I, Tjitrosoedirdjo SS, Tscharntke T (2009)
Alpha and beta diversity of plants and animals along a tropical
land-use gradient. Ecological Applications 19:2142–2156

Khanaposhtani GM, Kaboli M, Karami M, Etemad V (2012) Effect of
habitat complexity on richness, abundance and distributional pattern
of forest birds. Journal of Environmental Management 50:296–303

Kraft NJ, Comita LS, Chase JM, Sanders NJ, Swenson NG, Crist TO,
Stegen JC, Vellend M, Boyle B, Anderson MJ, Cornell HV, Davies
KF, Freestone AL, Inouye BD, Harrison SP, Myers JA (2011)
Disentangling the drivers of β diversity along latitudinal and
elevational gradients. Science 333:1755–1758

Legendre P (2014) Interpreting the replacement and richness difference
components of beta diversity. Global Ecology and Biogeography
23:1324–1334

Legendre P, Fortin MJ (2010) Comparison of the mantel test and alterna-
tive approaches for detecting complex multivariate relationships in
the spatial analysis of genetic data. Molecular Ecology Resources
10:831–844

Legendre P, Legendre L (2012) Numerical ecology. Elsevier Science BV,
Amsterdam

Legendre P, Borcard D, Peres-Neto PR (2005) Analyzing beta diversity:
partitioning the spatial variation of community composition data.
Ecological Monographs 75:435–450

Legendre P, Fortin MJ, Borcard D (2015) Should the mantel test be used
in spatial analysis?Methods in Ecology and Evolution 6:1239–1247

Lopes AS, Soares S, Silva EM, Roel AR (2016) Diversidade de insetos e
aranhas presentes em diferentes fisionomias no Pantanal, na seca e
cheia, Corumbá, MS. Multitemas 22:127–154

Mac Nally R, Bennett AF, Brown GW, Lumsden LE, Yen A, Hinkley S,
Lillywhite P, Ward D (2002) How well do ecosystem-based plan-
ning units represent different components of biodiversity?
Ecological Applications 12:900–912

MacArthur RW, Recher H, Cody ML (1966) On the relation between
habitat selection and species diversity. The American Naturalist
100:319–332

ManionG, Ferrier S, LiskM, FitzpatrickMC (2014) GDM: Functions for
Generalised Dissimilarity Modelling. In: The Comprehensive R ar-
chive network. https://cran.r-project.org/web/packages/gdm/index.
html of subordinate document.

Marques MI, Adis J, Battirola LD, Brescovit AD, Silva FHO, Silva JL
(2007) Composição da comunidade de artrópodes associada à copa
de Calophyllum brasiliense Cambess. (Guttiferae), no Pantanal de
Poconé, MT. Amazoniana 19:131–148

Mitchell K (2007) Quantitative analysis by the point-centered quarter
method. In: Hobart and William smith colleges. https://arxiv.org/
pdf/1010.3303.pdf of subordinate document.

Mittermeier RA, Gil PR, Hoffmann M, Pilgrim J, Brooks T, Mittermeier
CG, Lamoreux J, Fonseca GAB (2005) Hotspots revisited: Earth’s
biologically richest and most endangered terrestrial ecoregions.
CEMEX, Mexico

Miyazaki T, Tainaka K, Togashi T, Suzuki T, Yoshimura J (2006) Spatial
coexistence of phytoplankton species in ecological timescale.
Population Ecology 48:107–112

Morante-Filho JC, Faria D, Mariano-Neto E, Rhodes J (2015) Birds in
anthropogenic landscapes: the responses of ecological groups to
forest loss in the Brazilian Atlantic Forest. PLoS One 10(6):
e0128923

Motta-Júnior JC (1990) Estrutura trófica e composição das avifaunas de
três habitats terrestres na região central do estado de São Paulo.
Ararajuba 1:65–71

Nájera A, Simonetti JA (2009) Enhancing avifauna in commercial plan-
tations. Conservation Biology 24:319–324

Nunes da Cunha C, Junk WJ, Leitão-Filho HF (2007) Woody vegetation
in the Pantanal of Mato Grosso, Brazil: a preliminary typology.
Amazoniana 19:159–184

Peres CA (1994) Primate responses to phenological changes in an
Amazonian terra firme forest. Biotropica 26:98–112

Petermann P (2011) The birds of the Pantanal. In: Junk WJ, Da Silva CJ,
Nunes da Cunha C, Wantzen KM (eds) the Pantanal: ecology, bio-
diversity and sustainable management of a large Neotropical season-
al wetland. Pensoft Publishers, Sofia-Moscow, pp 523–564

Wetlands

https://cran.r-project.org/web/packages/gdm/index.html
https://cran.r-project.org/web/packages/gdm/index.html
https://arxiv.org/pdf/1010.3303.pdf
https://arxiv.org/pdf/1010.3303.pdf


Pinho JB, Aragona M, Hakamada KYP, Marini MA (2017) Migration
patterns and seasonal forest use by birds in the Brazilian Pantanal.
Bird Conservation International 27:371–387

Piratelli A, Pereira MR (2002) Dieta das aves na região leste de Mato
Grosso do Sul, Brasil. Ararajuba 10:131–139

Pott VJ, Pott A (2000) Plantas aquáticas do Pantanal. Embrapa, Brasília
Power DM (1975) Similarity among avifauna of the Galapagos Islands.

Ecology 56:616–626
Qian H, Ricklefs RE (2007) A latitudinal gradient in large-scale beta

diversity for vascular plants in North America. Ecology Letters 10:
737–744

Qian H, Ricklefs RE, White PS (2005) Beta diversity of angiosperms in
temperate floras of eastern Asia and eastern NorthAmerica. Ecology
Letters 8:15–22

Rahayuningsih M, Mardiastuti A, Prasetyo LB, Mulyani YA (2007) Bird
community in Burung Island, Karimunjawa National Park, Central
Java. Biodiversitas 8:183–187

Rebellato L, Nunes da Cunha C (2005) Efeito do "fluxo sazonal mínimo
da inundação" sobre a composição e estrutura de um campo
inundável no Pantanal de Poconé, MT, Brasil. Acta Botanica
Brasilica 19:789–799

Remsen Jr JV, Cadena CD, Jaramillo A, Nores M, Pacheco JF, Robbins
MB, Schulenberg TS, Stiles FG, Stotz DF, Zimmer KJ (2009) A
classification of the bird species of South America. In: American
Ornithologists' Union. https://www.museum.lsu.edu/~Remsen/
SACCBaseline. Accessed 18 Mar 2018

Riegert J, Fainová D, Antczak M, Sedláček O, Hořák D, Reif J, Pešata M
(2011) Food niche differentiation in two syntopic sunbird species: a
case study from the Cameroon Mountains. Journal of Ornithology
152:819–825

Robbins CS (1981) Effect of time of day on bird activity. Studies in Avian
Biology 6:275–286

Robinson WD, Brawn JD, Robinson SK (2000) Forest bird community
structure in Central Panama: influence of spatial scale and biogeog-
raphy. Ecological Monographs 70:209–235

Ropelewski CF, Halpert MS (1987) Global and regional-scale precipita-
tion patterns associated with the El Niño/southern oscillation.
Monthly Weather Review 115:1606–1626

Rotenberry JT (1985) The role of habitat in avian community composi-
tion: physiognomy or floristics? Oecologia 67:213–217

Rotenberry JT, Wiens JA (1980) Habitat structure, patchiness, and avian
communities in north American steppe vegetation: a multivariate
approach. Ecology 61:1228–1250

Ruhí A, Datry T, Sabo JL (2017) Interpreting beta-diversity components
over time to conserve metacommunities in highly dynamic ecosys-
tems. Biological Conservation 31:1459–1468

Saunders DA, Hobbs RJ, Margules CR (1991) Biological consequences
of ecosystem fragmentation: a review. Biological Conservation 5:
18–32

Scherer JFM, Scherer AL, Petry MV (2010) Estrutura trófica e ocupação
de habitat da avifauna de um parque urbano em Porto Alegre, Rio
Grande do Sul, Brasil. Biotemas 23:169–180

Shoo LP, Williams SE, Hero JM (2005) Climate warming and the
rainforest birds of the Australian wet tropics: using abundance data
as a sensitive predictor of change in total population size. Biological
Conservation 125:335–343

Signor CA, Pinho JB (2011) Spatial diversity patterns of birds in a veg-
etation mosaic of the Pantanal, Mato Grosso, Brazil. Zoologia 28:
725–738

Sigrist T (2009) Guia de Campo Avis Brasilis –Avifauna Brasileira. Avis
Brasilis, São Paulo

Silva MP, Mauro RA, Mourão G, Coutinho ME (2000) Distribuição e
quantificação de classes de vegetação do Pantanal através de
levantamento aéreo. Revista Brasileira de Botânica 23:143–152

Silva WR (1992) As aves da Serra do Japi. In: Morellato LPC (ed)
História Natural da Serra do Japi: ecologia e preservação de uma
área florestal no sudeste do Brasil. Editora da Unicamp, Campinas,
pp 238–263

Stotz DF, Fitzpatrick JW, Parker TA III, Moskovits DK (1996)
Neotropical birds: ecology and conservation. University of
Chicago Press, Chicago

Terborgh J (1986) Community aspects of frugivory in tropical forests. In:
Estrada A, Fleming TH (eds) Frugivores and seed dispersal. W Junk
Publishers, Dordrecht, pp 371–384

Terborgh J, Winter B (1983) A method for siting parks and reserves with
special reference to Colombia and Ecuador. Biological Conservation
27:45–58

Tews J, Brose U, Grimm V, Tielborger K, Wichmann M, Schwager M,
Jeltsch F (2004) Animal species diversity driven by habitat hetero-
geneity/diversity: the importance of keystone structures. Journal of
Biogeography 31:79–92

Tockner K, Malard F, Ward JV (2000) An extension of the flood pulse
concept. Hydrological Processes 14:2861–2883

Trainor CR (2002) Status and habitat associations of birds on Lembata
Island, Wallacea, Indonesia, with reference to a simple technique for
avifaunal survey on small islands. Bird Conservation International
12:365–381

Tubelis DP, Tomás WM (1999) Distribution of birds in a naturally patchy
environment in the Pantanal wetland, Brazil. Ararajuba 7:81–89

Tubelis DP, Tomás WM (2003) Bird species of the wetland, Brazil.
Ararajuba 11:5–37

Tuomisto H (2010) A diversity of beta diversities: straightening up a
concept gone awry. Part 1. Defining beta diversity as a function of
alpha and gamma diversity. Ecography 33:2–22

Tuomisto H, Ruokolainen K (2006) Analyzing or explaining beta diver-
sity? Understanding the targets of different methods of analysis.
Ecology 87:2697–2708

Tuomisto H, Ruokolainen K, Yli-HallaM (2003)Dispersal, environment,
and floristic variation of western Amazonian forests. Science 299:
241–244

Van Langevelde F, Van de Vijver CADM, Kumar L, Van de Koppel J, De
Ridder N, Van Andel J, Skidmore AK, Hearne JW, Stroosnijder L,
Bond WJ, Prinss HHT, Rietkerk M (2003) Effects of fire and her-
bivory on the stability of savanna ecosystems. Ecology 84:337–350

Vellend M (2010) Conceptual synthesis in community ecology. The
Quarterly Review of Biology 85:183–206

Willis EO (1979) The composition of avian communities in remanescent
woodlots in southern Brazil. Papeis Avulsos de Zoologia 33:1–25

Wilman H, Belmaker J, Simpson J, De La Rosa C, Rivadeneira MM, Jetz
W (2014) EltonTraits 1.0: species-level foraging attributes of the
world's birds and mammals. Ecology 95:2027–2027

Yabe RS, Marini MA, Marques EJ (2010) Movements of birds among
natural vegetation patches in the Pantanal, Brazil. Bird Conservation
International 20:400–409

Zhou SR, Zhang DY (2008) A nearly neutral model of biodiversity.
Ecology 89:248–258

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Wetlands

https://www.museum.lsu.edu/~Remsen/SACCBaseline
https://www.museum.lsu.edu/~Remsen/SACCBaseline

	Avian Beta Diversity in a Neotropical Wetland: the Effects of Flooding and Vegetation Structure
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Sampling design and data collection
	Birds
	Vegetation data

	Statistical Analyses
	Measuring Beta Diversity
	Effects of Flood Season and Habitat Type on Landbird Community Structure

	Spatial and Environmental Drivers of Beta Diversity

	Results
	Landbird Community Structure and Composition
	Patterns of Beta Diversity Affected by the Flood Cycle and Habitat Type
	The Effects of Plant Composition and Geographic Distances on Beta Diversity

	Discussion
	References


