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Amazonian flooded (varzea) and upland (terra firme) forests harbor distinct assemblages
of most taxonomic groups. These differences are mainly attributed to flooding, which
may affect directly or indirectly the persistence of species. Here, we compare the
abundance, richness and composition of butterfly assemblages in varzea and terra
firme forests, and evaluate whether environmental gradients between and within these
forest types can be used to predict patterns of assemblage structure. We found that
both total abundance and number of species per plot are higher in varzea than in terra
firme forests. Varzea assemblages had a higher dominance of abundant species than
terra firme assemblages, in which butterfly abundances were more equitable. Rarefied
species richness for varzea and terra firme forests was similar. There was a strong
turnover in species composition from varzea to terra firme forests associated with
environmental change between these forest types, but with little evidence for an effect
of the environmental gradients within forest types. Despite a smaller total area in the
Amazon basin, less defined vegetation strata and the shorter existence over geological
time of floodplain forests, Nymphalid-butterfly assemblages were not more species-
poor in varzea forests than in unflooded forests. We highlight the role of flooding as a
primary environmental filter in Amazonian floodplain forests, which strongly determines
the composition of butterfly assemblages.

Keywords: Amazonian floodplains, Lepidoptera, rarefaction, species composition, species density, species
richness, terra firme, varzea

INTRODUCTION

The number and composition of species at a given site is always a small subset of the regional species
pool because environmental and biotic factors act together or separately to filter species from the
regional pool and select the species composition at local scales (Hubbell, 2005). Vegetation type is
the biotic feature most often used to represent the spatial distribution of forest-dwelling species,
and several forest types occur in Amazonian landscapes.

Upland (terra firme) forests account for approximately 83% of the Amazon basin (Melack and
Hess, 2010) and are located above the maximum seasonal flood levels of rivers, lakes, and large
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streams. Vdrzea forests are seasonally flooded by nutrient-rich
white-water rivers for 6-8 months, and water-level fluctuations
canreach up to 14 m (Junk et al., 2012). Virzea forests cover ~7%
of the Amazon basin (Melack and Hess, 2010).

Virzea and terra firme forests harbor distinct assemblages of
trees (Wittmann et al., 2004), terrestrial mammals (Alvarenga
etal., 2018), bats (Bobrowiec et al., 2014), birds (Beja et al., 2010),
litter frogs (Gascon, 1996), and ants (Pringle et al., 2019). Poorer
assemblages of several animal groups have been consistently
documented in vdrzea forests (Haugaasen and Peres, 2005b;
Bobrowiec et al., 2014; Alvarenga et al., 2018; Pringle et al., 2019),
suggesting that seasonal inundation explains the lower number
of terrestrial and understorey species. In contrast, terra firme
should have higher species richness than vdrzea forest because
it offers more niches associated with the understorey vegetation
(Pereira et al., 2009).

It is expected that terra firme forests should contain more
speciose assemblages of those species groups that can persist in
both vdrzea and terra firme forests. Terra firme forests should
have more species than flooded forests since they cover a
much larger area (MacArthur and Wilson, 1967), have more
stratified vegetation (MacArthur and MacArthur, 1961), and have
existed over a longer period of geological time (Ruokolainen
et al., 2018). With more species, it is also expected that species
abundances in terra firme assemblages would be more equitable
(MacArthur, 1969). On the other hand, vdrzea forests tend to
have higher species abundance/biomass (Haugaasen and Peres,
2005b; Pereira et al., 2009; Pringle et al, 2019) due to the
high forest primary productivity, as the white-water seasonal
flooding fertilizes vdrzea soils (Haugaasen and Peres, 2006).
Higher abundance/biomass in vdrzea forests due to the higher
primary productivity has been documented mainly for mammals,
but also for arboreal ant species (Pringle et al., 2019).

Butterflies are strongly associated with specific habitats at all
life stages (Freitas et al.,, 2006) and are relatively sedentary in
the larval stage, but are highly vagile in the adult phase and
can have seasonal adaptations (phenological or migratory) to
environmental changes (Diamond et al., 2011; Chowdhury et al.,
2021). Vegetation gradients represent changes in the availability
of food resources and physical conditions of the environment,
which directly affect the spatial distribution of Amazonian fruit-
feeding butterflies (Ribeiro and Freitas, 2012; Graga et al., 2015,
2017a). Therefore, environmental changes, such as seasonal
flooding, can also filter species from the regional pool, affecting
local species richness and composition.

This study compares the butterfly assemblages of virzea and
terra firme forests in central Amazonia. Specifically, we aim
(i) to test whether the density, richness and composition of
butterflies differs between vdrzea and terra firme forests; (ii) to
compare the species-abundance distribution between the two
forest types; and (iii) to evaluate how the assemblage structure
is associated with environmental (topography and vegetation)
gradients between and within forest types. We expected to find a
higher butterfly density in vdrzea forests because they have higher
forest primary productivity, which represents higher availability
of food resources than in terra firme forests. On the other hand,
given that terra firme forests represent a more stable environment
and cover a larger area, we expected higher species richness in

this forest type. We also predicted that the species-abundance
distribution would be evener in terra firme forests due to its
higher species richness, in comparison with vdrzea forests, in
which we should find a higher dominance of abundant species.
We also expected to find strong turnover in species composition
associated with forest type and environmental gradients.

MATERIALS AND METHODS
Study Area

Sampling was undertaken in three Amazonian protected areas:
Amana Sustainable Development Reserve, Mamiraud Sustainable
Development Reserve and Baixo Jurud Extractive Reserve, in
the Middle-Solimées (upper Amazon) River region, in Central
Amazonia (Figure 1). These protected areas contain floodplains
covered largely by vdrzea forests, which are adjacent to terra
firme forests (ICMBio, 2009; IDSM, 2010). During the high-
water season, vdrzea forests are flooded by nutrient-rich white-
water rivers, with an average annual water-level range of 15
m. Highest river levels occur around May-June and minima in
October-November (ICMBio, 2009; IDSM, 2010). Mean annual
temperature and precipitation were around 26-31°C and 2,200
2,400 mm, respectively, with mean precipitation around 60-
80 mm during the dry season (ICMBio, 2009;IDSM, 2010).

Sampling Design and Data Collection
Sampling was done in 15 plots located in vdrzea and 21 in terra
firme forests (Figure 1) during the low-water season in all study
areas (RDS Amana in November-December 2017, RESEX Baixo
Jurua in July 2018, RDS Mamiraud in August 2019). We were not
able to conduct sampling in both high- and low-water seasons
due to logistical constraints. The sampling design followed the
RAPELD method as part of a long-term ecological project that
aims to compare the distributions of multiple taxa (Magnusson
etal., 2005). Plots (sample units) consisted of a 250-m long center
line, separated by at least 500 m from one another (Figure 1).

Butterfly surveys were conducted via active and passive
sampling. We placed six equally spaced baited butterfly traps
along the center line of each plot. Traps were hung from tree
branches in the forest understorey (~1.5 m high). We baited the
traps with a mixture of sugar-cane juice and bananas fermented
for 48 h (Freitas et al, 2014) and visited them every 24 h to
check for captures and replace the bait. We left the traps active
for six consecutive days in each plot. This sampling effort is
based on Graga et al. (2017b), who suggested that it is sufficient
to identify ecological responses of understorey fruit-feeding
butterfly assemblages.

We also used insect nets to sample low-flying Haeterini
species and other Nymphalid species that usually are not caught
with baited traps. On each visit to the plots, two researchers
with standard 37-cm diameter insect nets actively searched
for butterflies during 30 min. All captured individuals were
collected for posterior species identification. Butterflies were
identified to species level using on line resources' and the
taxonomic literature. All identifications were verified by an

Lwww.butterfliesofamerica.com
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FIGURE 1 | Distribution of sample plots in varzea and terra firme forests. Maps show the distribution of sampling plots overlapped with an elevation Radar image
from the Shuttle Radar Topography Mission (SRTM). Black rectangles in the left map are enlarged in right panels (A-C).

expert taxonomist (T. Zacca). To avoid taxonomic uncertainty,
especially because our study area is located in a region with many
biodiversity-knowledge shortfalls (Hortal et al., 2015), where
butterflies have been poorly inventoried (Santos et al., 2008),
some specimens could not be identified to species level, so we
identified them as morphospecies. Although not ideal, the use
of morphospecies is a way to deal with taxonomic constraints
in ecological studies, and they appear to provide a reliable
alternative to taxonomic species in Lepidoptera (91% of matching
accuracy; Derraik et al., 2002). All specimens were deposited
in the Entomological Collection of the Mamiraud Institute for
Sustainable Development, Tefé, Brazil.

We gathered topographic and vegetation data to characterize
the environmental gradients across vdrzea and terra firme plots.
Topography data consisted of elevation, height above nearest
drainage (HAND) and flooded terrain during the high-water
season, which were extracted from an image provided by the
Synthetic Aperture Radar of the Japonese Earth Resources
Satellite—JERS-1 SAR.? In the Amazon, JERS-1/SAR images
indicate flooded-forest areas by brighter pixels, closed-canopy
forests by median brightness, and open water as darker
pixels. Vegetation data consisted of estimates of % of tree
cover, canopy height, enhanced vegetation index (EVI) and

Zhttp://earth.esa.int

net primary productivity (NPP) obtained from GIS databases
(Supplementary Table 1). EVI is a vegetation index that
is correlated with forest primary productivity and vegetation
structure (Huete et al., 2002).

Data Analysis

We report two indices of butterfly diversity: species density and
rarefied species richness. These measures emphasize different
components of diversity while controlling for potential sampling
bias. Species density records the number of species per
sample unit. The rarefied species richness (hereafter “species
richness”), is used to estimate expected species richness at
constant total abundance, since increased number of species is
expected as a random consequence of larger pools of individuals
(Gotelli and Colwell, 2001).

We compared the total abundance and observed number of
species per plot between vdrzea and terra firme forests with
Kruskal-Wallis tests, as the data had non-normal distributions.
We used rarefaction and extrapolation of standardized number
of species to compare species richness in both forest types.
We standardized the number of species by both number
of sampled individuals and sampling coverage, following
the recommendations of Chao et al. (2014). Rarefaction
and extrapolation were based on sampling coverage, in
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addition to sample size, because standardizing samples by
number of individuals usually underestimates species richness
of assemblages with more species (Chao and Jost, 2012).
We also used Kolmogorov-Smirnov tests to compare the
species-abundance curves from the two forest types and
sampling methods.

We built a species by site matrix, recording each species
abundance (columns) per plot (rows). Then we standardized
the abundances by dividing the number in each matrix cell by
the total abundance in the matrix row (plots) to reduce the
discrepancy between sites with different number of samples.
We summarized butterfly species composition by non-metric
multidimensional scaling (NMDS) ordination with two axes,
based on the Bray-Curtis dissimilarity index. Then, we used a
permutational multivariate analysis of variance (PERMANOVA)
to evaluate whether the species composition differed between
the two forest types. We reran this analysis excluding singletons
and doubletons, since rare species can introduce variation
in the assemblage structure that may not be related to
habitat (Beja et al,, 2010). We used a principal component
analysis (PCA) to summarize the environmental data from
plots and used the first axis of this ordination to represent
the environmental gradient across plots. We then used an
NMDS with one dimension to reduce the dimensionality of
data into only one axis, using the scores derived from this
ordination to represent the butterfly species composition in
each plot. We used this second NMDS ordination with only
one axis because NMDS is not an eigenvalue technique, and
it does not maximize the variability associated with individual
axes of the ordination, so the axes are not orthogonal to
each other (Legendre and Legendre, 1998). We then used the
single NMDS axis, which represented the ordering of sites
according to their similarity in species composition (i.e., the
assemblage structure), as the response variable in a generalized
linear model (GLM) to evaluate whether it changes with
environmental gradients (PCA 1) and across forest types
(vdrzea or terra firme). We included latitude and longitude
as predictors in the GLM to account for potential effect of
spatial gradients and tested for spatial autocorrelation in model
residuals with Moran’s 1. All analyses were undertaken in
the vegan 2.4-4 (Oksanen et al, 2013) and iNEXT (Hsieh
et al, 2016) packages of the R 3.4.4 statistical software
(R Development Core Team, 2018).

RESULTS

We captured 913 individuals belonging to 99 butterfly species
(Supplementary Table 2), in a total sampling effort of 1,296
trap*days (540 in varzea and 756 in terra firme) and 144 h (60
in vdrzea and 84 in terra firme). The most frequently captured
species in vdrzea forests was Magneuptychia aff. ocnus, whereas
Bia actorion was the most frequently captured species in ferra
firme (Supplementary Figure 1). Singletons and doubletons were
represented by 36 species (~51%) in vdrzea forests and 23 species
(~51%) in terra firme. The number of species exclusive to virzea
and to terra firme was 56 and 29, respectively, and 16 species were
shared between the two forest types.

The median number of butterfly individuals counted per plot
in vdrzea forests was 28 (first quartile (Q1) and third quartile
(Q3) = 24 and 58, respectively), and it was significantly higher
than the number of individuals counted in terra firme plots
(Q1 = 5; median = 9; Q3 = 10; Kruskal-Wallis, H = 22.64,
p < 0.001; Figure 2A). The abundance distribution of species
also differed between the two forest types (Kolmogorov-Smirnov,
baited traps: D = 0.85, p < 0.001; insect nets: D = 0.71,
p < 0.001; both methods: D = 0.66, p < 0.001; Figure 2C and
Supplementary Figure 2). The vdrzea assemblage had higher
dominance of abundant species [three (4%) species made up
50% of all individuals, Supplementary Figure 1] than the terra
firme assemblage, which had an evener distribution of species
abundance [eight (18%) species accounted for 50% of individuals,
Supplementary Figure 1].

The observed number of species per plot was also higher in
vdrzea than in terra firme forests (Kruskal-Wallis, H = 15.26,
p < 0.001; Figure 2B), with a median number of 9 species
per plot in vdrzea forests (Ql = 9; Q3 = 14) and 6 (Ql = 5;
Q3 = 7) species per plot in terra firme forests. However, when
the species richness estimate was standardized by sample size
and coverage, vdrzea and terra firme forests showed similar
species-richness estimates (Figure 3). Terra firme assemblages
had a lower estimated sampling completeness (84%) than vdrzea
(94%; Supplementary Figure 3), despite the larger survey effort
(21 surveyed plots in terra firme against 15 in vdrzea). Even
with terra firme having a lower sampling completeness, the
rarefaction and extrapolation of species-richness to the same
number of individuals or coverage as the vdrzea samples showed
similar curves (Figure 3), indicating that they have similar
overall richness.

The NMDS ordination of plots along the two axes
explained 53% of the variation in differences in species
composition, whereas the NMDS with a single axis explained
33%. The PCA ordination of plots along the first two
axes explained 66% of the variation in the environmental
features of plots and the first axis (PCA 1) captured the
environmental differences between virzea and terra firme
plots (Supplementary Figure 4). Negative values of the first
PCA axis were associated with vdrzea plots, whereas positive
values were associated with terra firme plots (Supplementary
Figure 4). Virzea plots had lower terrain elevation, were
vertically nearer to drainage, subjected to flooding during
the high-water season, and also had lower percentage
tree cover and lower canopy height than ferra firme plots
(Supplementary Figure 4).

There was a marked difference between butterfly composition
of vdrzea and terra firme forests (PERMANOVA, F = 7.82,
p < 0.001), captured mainly by the first axis (Figure 4A) due
to the strong turnover of species composition between forest
types (Figure 4B). The exclusion of rare species (singletons and
doubletons) did not change the pattern found (Supplementary
Figure 5). The change in species composition was associated with
forest types (t = —4.59; p < 0.001), but with little evidence for
effects of environmental gradients within each forest type (vdrzea:
t =0.09; p = 0.93; terra firme: t = -0.07; p = 0.94; Figure 4C),
after controlling for spatial effects of latitude and longitude.

Frontiers in Ecology and Evolution | www.frontiersin.org

August 2021 | Volume 9 | Article 693178


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Rabelo et al. Butterfly Assemblages in Amazonian Forests
A B ] 1° C N )
o \ o~ varzea
T O 8(\1 1 8 = —e— terrafirme
So | S o= o =%
8m 8 80 ] ©
| I~ M o 1 —RO .[_7\ ©
_— o O (@) NS =
T | o) O ) So
2N o0 s u“— od
— ] £ oL 4 ) = ©
> © = ()
Tuwo | #\\4 Ro) = =
2 Ea | ©
= 5 N
M < o
~— A ~— A -~
varzea terra firme varzea terrafirme 0 20 40 60

rank-abundance distribution from the two forest types.

FIGURE 2 | Butterfly counts and number of species in vérzea and terra firme forest plots. Difference in butterfly counts (A) and number of species (B) per plot
between the two forest types. Square, circle and triangle symbols represent plots in Baixo Jurug, Mamiraué and Amana reserves, respectively. (C) Assemblage

Species rank

Number of individuals

w S1A & 1B

7] (731, 70)

(0] e (0.97,70) O

g 8 4 P :’ff/.; -------- Ol o |

= e (731,62) | © :

- e (0.94,54) ¢

£ (182,45) .=~

© i~ (0.91,45) O

s S ’ =N

3 (0.84,34) &

©

25

© B

£

-—

%) - .

Ll / —— varzea
o 4 o 4 — terra firme

0 200 400 600 00 02 04 06 08 10
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confidence intervals overlap and indicate the there is no statistically significant difference in richness between the two forest types.

Sample coverage

There was no spatial autocorrelation in model residuals (Moran’s
I: obs.: -0.01; exp.: -0.03; p = 0.60), even without including
latitude and longitude among predictors (Moran’s I: obs.: —-0.07;
exp.: -0.03; p = 0.13).

DISCUSSION

Bottom-Up Effects on Species

Abundance and Richness
We found higher butterfly total abundance in vdrzea than in
terra firme forests, which is the same pattern reported in studies

of bats (Pereira et al, 2009) and primates (Haugaasen and
Peres, 2005b). The higher abundance of herbivorous, frugivorous
and nectarivorous species (such as butterflies, primates and
frugivorous bats) in vdrzea is probably due to the higher
availability of food resources for these species in these forests.
Seasonal flooding by white-water rivers provides an extra input
of nutrients in vdrzea soils, which increases forest primary
productivity (Irion et al., 2010). Bobrowiec et al. (2014) found
that the abundance of frugivorous bats in vdrzea forests is even
higher during the high-water season. However, for Amazonian
fruit-feeding butterflies, adults tend to be more abundant during
the early and mid-dry seasons, and less abundant during the wet
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season (Barlow et al., 2007), when they probably occur in other
life stages, such as herbivorous caterpillars.

We found that vdrzea forests also had higher species density
(i.e., higher numbers of species per plot) than terra firme. This
apparent difference in the number of butterfly species between
the two forest types occurred because we sampled a much
higher number of individuals per plot in vdrzea forest. When
extrapolating the terra firme species richness to the same number
of individuals/coverage as the vdrzea sample, the assemblages
showed similar overall richness, even though terra firme covers a
larger area, has more stratified forest structure and is much older
than vdrzea forests. A similar species richness between flooded
and unflooded forests was also found for arboreal ants (Pringle
et al., 2019). Empirical experiments with arboreal arthropods
demonstrated that bottom-up mechanisms in which long-term
higher input of nutrients increases species density, but slightly

decreases the richness of detritivores and herbivores due to
increased dominance of common species (Haddad et al., 2000;
Gruner and Taylor, 2006). This bottom-up process may explain
why we found a higher species density, but not necessarily
richness in vdrzea forests.

Previous studies have consistently found poorer assemblages
in vdrzea forests for several animal groups (Haugaasen and Peres,
2005b; Bobrowiec et al., 2014; Alvarenga et al., 2018), including
a recent study with butterflies (Oliveira et al., 2021). However,
most of these studies reported only the species density (i.e.,
number of species per sampling unit) as a diversity index, and
few attempted to estimate species richness by standardizing the
number of species by sample size/coverage prior to undertaking
such comparisons (but see Pereira et al., 2009; Oliveira et al.,
2021). Therefore, the generalization of this pattern was likely
based on species density (i.e., number of species per unit habitat),
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which is different from rarefied (or expected) species richness at
constant total abundance (Gotelli and Colwell, 2001).

However, Oliveira et al. (2021) did estimate butterfly species
richness as we did, but found higher species richness in terra firme
forests than in vdrzea. Although our sampling design is different
from theirs, which hampers comparisons between studies, there
are possible reasons for this difference. One is that they sampled
not only Nymphalidae species, but also five other families of
butterflies, which increases the overall diversity evaluated. Also,
as these authors acknowledge, their limited sample size may
have affected their species-accumulation curves, which did not
approach an asymptote, so comparisons between curves may
have been compromised.

Environmental Filters and Adaptive

Species Traits

Butterfly species composition changed with environmental
gradients between forest types, but no effect of environmental
gradients was detected within each forest type. It is likely that
we did not detect the effects of environmental gradients within
forest types because our measures of environmental variables
were retrieved from GIS databases. Therefore, we caution that
measuring micro-habitat characteristics in the field may be more
appropriate to evaluate how assemblage structure responds to
environmental gradients within each forest type.

On the other hand, species composition changed between
vdrzea and terra firme forests. According to our PCA ordination,
vdrzea forests are located at lower elevations nearer rivers, which
causes inundation during the high-water season, and have lower
tree cover and canopy height, whereas terra firme has a more
complex forest structure and does not flood. The differences in
butterfly species composition is probably mainly attributable to
flooding, which is a direct barrier to the persistence of all ground-
dwelling and understorey species during the high-water season
(Haugaasen and Peres, 2005a), and even for flying species (birds,
Beja et al., 2010; bats, Bobrowiec et al., 2014), such as butterflies.

We also found that terra firme assemblages from different
protected areas had distinct butterfly composition (see separation
of symbols captured by NMDS 2 in Figure 4A). We do not
believe that these differences are due to an effect of the spatial
distance between these assemblages, since we have controlled
for potential effects of geographical distance and did not find
spatial autocorrelation. While terra firme plots from Baixo Jurua
Reserve are located in a region with very old soils from Tertiary
sandstones, plots from Amani Reserve are located on more
recent soils from Late-Pleistocene, or paleo-vdrzea forests, as they
have been called (Irion et al., 2010). Even so, paleo-vdrzeas are
more similar to terra firme than to vdrzea in terms of topography
and vegetation structure (taller and more stratified forests).
As shown by the PCA ordination, these upland plots have
distinct environmental conditions, depending on the geological
formation in which they are located. Therefore, we believe that
the distinct butterfly compositions among terra firme plots are
probably due such environmental differences among study sites.

Habitat conditions may select for the evolution of adaptive
traits and behavior, which in turn may affect the ability of

species to disperse to and persist at local sites. For example,
the evener rank-abundance distribution in terra firme forests
had a considerable contribution from Haeterini butterflies, which
tended to be more abundant in this forest type. Haeterini
butterflies are low-flying ground-dwelling species that feed
mainly on rotting fruits and other decaying material on the forest
floor (Alexander and DeVries, 2012), and adults can be abundant
throughout the year (Devries et al., 2012). Wing morphology in
Haeterini butterflies has evolved as a response to their habitat-
specific flight behavior, i.e., gliding in-ground along the forest
floor (Cespedes et al., 2015). Therefore, it is possible that the
adaptive wing shape traits of these species play an important role
in constraining their dispersal through flooded forests.

Similarly, adaptive behavior may help to explain the larger
abundance and richness of Ithomiini species in vdrzea forests.
Ithomines commonly form large aggregations, also known as
ithomine “pockets” (DeVries, 1987). This gregarious behavior
normally occurs during the dry season, when temperatures are
higher and air humidity is lower, so the pockets are located in
shady forest sites close to water courses (Pinheiro et al., 2008).
This adaptive behavior as a response to cope with adverse climate
conditions was suggested to be the main factor explaining the
formation of the pockets, rather than the occurrence of large
concentrations of adult food resources (Pinheiro et al., 2008).
Therefore, since most of the ithomine individuals were found in
a few vdrzea plots located near the river banks (~70 m) and very
close to small streams, it is likely that the higher abundance of
ithomines in vdrzea forests is an adaptation of these butterflies to
seek suitable local climatic conditions.

The Role of Biotic Filters

The differences in species composition between the two forest
types may also be explained by species interactions, especially
with their host plants. For instance, the most frequently
captured species in vdrzea assemblages were Magneuptychia
aff. ocnus, Pseudodebis marpessa, and P. valentina. Larvae of
Magneuptychia species feed mainly on grasses (Beccaloni et al.,
2008), which have high growth rates and rapidly occupy available
substratum during the low-water season in vdrzea forests (Silva
et al., 2013). Pseudodebis species feed on the bamboo Guadua
angustifolia (Murray, 2001), which was highly abundant in the
vdrzea plots where we surveyed most Pseudodebis butterflies
(Rabelo, person. obs.). On the other hand, Bia actorion and
Euptychia molina were the most frequently captured species
in the terra firme assemblages. Bia actorion feeds mainly on
Geonoma palms (Freitas et al., 2002), which are considered terra
firme specialists and rarely occur in vdrzea forests (Muscarella
et al., 2019). Similarly, Euptychia butterflies are known for their
strong relationship with their host plants, Selaginellaceae and
Neckeraceae (DeVries, 1985; Hamm and Fordyce, 2016), which
are often obligate terrestrial (Selaginella) and do not occur in
floodplain forests (Poulsen and Balslev, 1991; Junk and Piedade,
1993). As most tropical caterpillars are host specialists and
floristic diversity is closely associated with butterfly richness
(Morais et al., 2011) and composition (Graga et al., 2015),
the distribution of host plants is the primary biotic limitation
affecting butterfly composition at local scales.
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Another interesting example of how biotic interactions may
explain our results can be seen in the Onega clearwing (Oleria
onega). This species was the fourth most common species in
vdrzea forests. Oleria are Ithomiini butterflies that are known
to feed on alkaloid-rich host plants, which make the adults
unpalatable to predators and all species are engaged in mimicry
(Brown, 1987; Beccaloni, 1997). Although adults are unpalatable,
it has been suggested that their eggs may be subject to predation
or removed from leaves by Ectatomma ants, which are often
found in Solanum species (Gallusser, 2002). As Ectatomma ants
are weak swimmers (Yanoviak and Frederick, 2014) and do not
normally occur in Amazonian seasonally flooded forests (Wilson,
1987), we hypothesize that their absence may favor the high
abundance of Oleria in vdrzea forests.

CONCLUSION

We found that both vdrzea and terra firme forests have similar
species richness, although the former forest type had higher
species density likely due to its higher primary productivity.
We also found a pronounced difference in butterfly species
composition between virzea and terra firme forests. The strong
turnover of butterfly species was associated with environmental
differences between vdrzea and terra firme, but not with the
environmental change within each forest type. Environmental
conditions may select for the evolution of adaptive traits
and behavior, which in turn may affect the ability of species
to disperse to and persist at local sites. Therefore, our
findings reinforce flooding as a primary environmental filter in
Amazonian floodplain forests, which strongly determines the
composition of butterfly assemblages, as well as the distribution
of their interacting biota. The results of this study suggest that
environmental and biotic filters override the effects of vegetation
stratification and effects of source area on differences in the
composition of butterfly assemblages in flooded and unflooded
Amazonian sites at local scales.
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