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with tree density and basal area, and decreased with the aver-
age tree height. Butterfly species richness and abundance 
were higher in the wet season than in the dry season, and 
all species sampled in the dry season were present in the 
wet season. Differences in community structure across rela-
tively short geographic distances in the same type of habitat 
highlight the importance of conserving tropical dry forest 
fragments to ensure the maintenance of butterfly diversity 
and, presumably, other insects.

Keywords  Geographical distribution · Lepidoptera · 
Nymphalidae · Seasonality · Species turnover · Tropical 
dry forest

Introduction

Neotropical dry forests have a patchy distribution from 
northern Argentina to northeast Brazil, along the Pacific 
slope of the Andes, northward along the coast of Central 
America to northwest Mexico (Pennington et  al. 2000; 
Särkinen et al. 2011; Sánchez-Azofeifa et al. 2014) and are 
the least known of all tropical forest types (Banda-R et al. 
2016). These forests are characterized by a pronounced dry 
season of 5–6 month duration when > 50% of the trees lose 
their leaves (Särkinen et al. 2011). Each forest may have a 
distinctive plant species composition (Neves et al. 2015), 
and high β diversity (Banda et al. 2016). Tropical dry for-
ests (hereafter TDFs) are among the most threatened of all 
Neotropical ecosystems because they occur in areas with a 
long history of continuous human settlement and agriculture 
(Espírito-Santo et al. 2009; Sánchez-Azofeifa et al. 2014; 
Banda-R et al. 2016). When no longer used for agriculture 
or cattle ranching, TDF areas are usually abandoned and a 
secondary succession commences. Thus, natural regrowth 
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of TDF produces a mosaic of secondary fragments within 
undisturbed areas (Quesada et al. 2009; Neves et al. 2010; 
Sánchez-Azoifeifa et al. 2014).

In South America, the Pleistocene Arc Hypothesis (Prado 
and Gibbs 1993; Pennington et al. 2000) attempts to explain 
the disjunct distribution of TDFs and also differences in their 
vegetation. This hypothesis suggests that TDFs had a con-
tinuous range in South America before the Pleistocene gla-
ciation, including areas that are now rainforests and cerrado. 
The end of this cool and dry period led to an expansion of 
wet forests, and TDFs persisted in small fragments within 
different biomes (Prado and Gibbs 1993). Therefore, geo-
graphical isolation and neighboring vegetation likely played 
a crucial role in the ecological history of different TDFs.

Although TDFs occur in all Brazilian biomes where local 
climate, soil and topographic conditions permit (Pennington 
et al. 2009), they occupy only 3.21% (27,367,815 ha) of 
Brazil’s land area (Espírito-Santo et al. 2009). In northern 
Minas Gerais TDFs are found mostly in the cerrado-caatinga 
transition zone (Espírito-Santo et al. 2009) while in central 
Minas Gerais they occur as small forest fragments on lime-
stone soils (Coelho et al. 2012, 2014).

Butterflies have played an important role in refining our 
understanding of ecological and evolutionary patterns and 
processes (DeVries and Walla 2001; Bonebrake et al. 2010; 
DeVries et al. 2011; Valtonen et al. 2013; Espeland et al. 
2015; Penz et al. 2015; Fordyce and DeVries 2016). Expla-
nations for butterfly distribution patterns generally center on 
the abiotic conditions that affect vegetation (e.g., Didham 
et al. 2007; Basset et al. 2012). For example, temperature, 
humidity and rainfall correlate positively with butterfly 
diversity (Turner et al. 1987; Luoto et al. 2006; but see; 
Robinson et al. 2012; Komac et al. 2013), and these climatic 
factors in turn influence habitat type (Robinson et al. 2012; 
Carneiro et al. 2014). In temperate regions habitat hetero-
geneity has been associated with butterfly species diversity 
(Fartmann et al. 2013), presumably because greater hetero-
geneity can provide refuges from adverse environmental 
conditions, thus allowing more species to co-exist (Stein 
et al. 2014). At broad geographical scales, the surrounding 
landscape can influence diversity patterns by imposing spa-
tial variation in vegetation structure and ultimately generat-
ing landscape heterogeneity (Komac et al. 2013; Marques 
and Schoereder 2013; Ribeiro et al. 2012). In addition, the 
variation in larval and adult resources, vegetation structure, 
and light levels within particular habitats are factors that 
likely influence local butterfly species diversity and local 
distributions (DeVries and Walla 2001; Öckinger et  al. 
2009).

Tropical insect diversity is known to differ between wet 
and dry seasons (Bigger 1976; Wolda 1978; Ribeiro et al. 
2010). Seasonal variation in species abundances is thought 
to arise from environmental fluctuations such as changes 

in day length (Wolda 1989; Brito et al. 2014), population 
dynamics, and migration (Torres et al. 2009). Seasonal fluc-
tuations in species diversity may be mediated by resource 
availability (e.g., Wardhaugh 2014), rainfall, and tempera-
ture, and the influence these factors have on diversity can 
vary depending on locality (Grøtan et al. 2012, 2014).

Fruit-feeding nymphalids form a guild of adult butter-
flies that utilize the juices of rotting fruit as their major food 
resource (DeVries et al. 1997; Freitas et al. 2014), and they 
comprise a significant proportion of local nymphalid spe-
cies richness (DeVries 1987; DeVries et al. 1997; Brown 
Jr. and; Freitas 2000; Horner-Devine et al. 2003; Ribeiro 
et al. 2010). Fruit-feeding nymphalids are easily sampled 
with a standardized trap protocol (see DeVries et al. 2016), 
they respond to environmental changes in space and time 
(DeVries et al. 1997, 1999; DeVries and Walla 2001; Ribeiro 
et al. 2010; Grøtan et al. 2012, 2014; Freitas et al. 2014), and 
can be used to assess variation in species diversity within 
and among forest types (e.g., DeVries et al. 2011; Fordyce 
and DeVries 2016).

This study uses species composition, richness and abun-
dance distributions to compare spatial and seasonal patterns 
of fruit-feeding nymphalids among four TDF sites in the 
state of Minas Gerais: three northern sites within a cerrado-
caatinga transition zone, and one in the central area of the 
state that is embedded within the cerrado sensu strictu. 
Given the marked differences in Brazilian TDFs (e.g., 
Espírito-Santo et al. 2009; Neves et al. 2015), we sought 
to answer the following questions: (i) Does geographical 
location influence community diversity? (ii) Given that the 
northern and central TDF sites are surrounded by different 
vegetation types, do they differ in β diversity? (iii) Does 
local vegetation structure affect butterfly diversity? (iv) 
Does species diversity vary significantly among seasons? 
We then briefly summarize what is known about the ecol-
ogy of TDF butterflies, and place our study in the context 
of what future role butterflies can play in the conservation 
of Brazilian TDFs.

Materials and methods

Study area

Fieldwork was conducted during March and September 2012 
and February and September of 2013 in four conservation 
areas (sites hereafter, Fig. 1). Three sites were located in 
northern Minas Gerais in a transitional zone between the cer-
rado and caatinga (Lagoa do Cajueiro State park, 20,500 ha; 
Serra Azul Biological Reserve, 3841 ha; Jaíba Biological 
Reserve, 6358 ha—separated from each other by at least 
15 Km) and one central site was located within Cerrado and 
rocky grassland vegetation (Serra do Cipó, 31,450 ha).
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Annual average rainfall in the northern TDFs is approxi-
mately 818 ± 242 mm (Madeira et al. 2009), with less than 
60 mm in the marked dry season from May to October 
(Espírito-Santo et al. 2008). The vegetation is highly decid-
uous, with ca. 95% leaf loss (Neves et al. 2015), and an 
annual average temperature of 24 °C (Madeira et al. 2009). 
The TDFs of Serra do Cipó are patchily distributed and 
found primarily in isolated enclaves of limestone that sup-
port tree-sized vegetation, and the surrounding areas have 
a distinct floristic composition (Coelho et al. 2012, 2014). 
The climate is mesothermic with dry winters and rainy sum-
mers, and an annual average rainfall of 1500 mm, and annual 
average temperatures ranging from 17.4 to 19.8 °C (Madeira 
and Fernandes 1999).

Sampling design

As TDFs potentially have unique communities (e.g., Que-
sada et al. 2009), the sampling design was planned accord-
ingly. Three sampling areas were selected in the large 
Cajueiro State Park, and each included three plots. As they 
are smaller, the Jaíba and Serra Azul Biological Reserves 
constituted two separate areas with three plots each. Finally, 
the sampling at Serra do Cipó matched that done in Cajue-
iro, including three areas with three plots each. An initial 
analysis showed that the studied areas actually constituted 
two distinctive communities (not eight; see Supplementary 
Material F1 in Supplementary Information), and we there-
fore opted for combining these areas into two geographical 
units: northern and central sites.

One plot of 50 × 20 m (0.1 ha) was delimited inside each 
area (24 plots total), and four butterfly traps were deployed 
in each plot (96 traps total). Samples from the traps in each 
plot were combined for analyses (study sample unit = plot). 
In each of the 24 plots, all plants with diameter at breast 
height ≥ 5 cm were marked for analysis of vegetation struc-
ture (Norden et al. 2015). The measures were density, rich-
ness, mean height and basal area of all marked trees inside 
each plot.

Butterfly traps were baited with fermented banana and 
sugar cane juice. On the first day baited traps were placed 
with their base about 1 m above the ground, and captured 
butterflies were removed daily during the following 3 days. 
Bait was replaced daily. When possible, captured individu-
als were marked with permanent ink, and the species iden-
tification, sampling locality, and date were recorded in a 
field book, and then the butterfly was released. When field 
identification was not possible, individuals were sampled, 
stored in separate envelopes with all sampling information 
written on the envelope, and subsequently identified in the 
lab using field guides (DeVries 1987; Uehara-Prado et al. 
2004). Taxonomic nomenclature follows Lamas (2004) and 
Heikkila et al. (2011). Sampled butterflies were deposited 
at the Federal University of Minas Gerais.

Statistical analysis

Species richness at each site was estimated using extrapo-
lation and rarefaction curves based on the Chao1 estimator, 
and configured at 40 knots and 300 bootstraps to determine 

Fig. 1   Location of the four dry 
forest sites in Minas Gerais, 
Brazil. In the transition area 
between Caatinga and Cer-
rado, northern sites Lagoa 
do Cajueiro State Park, Jaíba 
Biological Reserve, and Serra 
Azul Biological Reserve. In the 
Cerrado, the central site: Serra 
do Cipó
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confidence intervals (Chao and Jost 2012; Carneiro et al. 
2014). This method compares richness at equal sample 
coverage to produce a less biased measure of community 
richness than traditional rarefaction (Chao and Jost 2012). 
Analyses were done using iNEXT (Hsieh et al. 2013), 
available from https://chao.shinyapps.io/iNEXTOnline/.

Comparisons of species composition among sites were 
done using non-metric multidimensional scaling (NMDS) 
based on a Bray–Curtis dissimilarity matrix. This analy-
sis was followed by a permutational multivariate analysis 
of variance (PERMANOVA; Anderson 2001). Another 
PERMANOVA was done to test the effect of vegetation 
structure (tree density, richness, mean height and basal 
area—independent variables) on species composition 
(species identity as dependent variable). The NMDS and 
PERMANOVA were performed using functions from the 
MASS (Venables and Ripley 2002) and vegan (Oksanen 
et al. 2017) packages in R v.3.0.2 (R Core Team 2014).

Generalized linear models (GLMs) were built to test if 
butterfly abundance and richness per plot (response vari-
ables) differed by sites, vegetation structure (tree density, 
richness, mean height and basal area), and their interac-
tion (explanatory variables). All GLMs were submitted to 
residual analysis to evaluate adequacy of the error distri-
bution (Crawley 2013). Minimum adequate models were 
generated by stepwise omission of non-significant terms.

Since our TDFs were fragmented and occurred in differ-
ent habitats, we used additive partitioning of diversity to 
help understand species composition patterns at multiple 
biogeographical scales. This allowed identification of the 
regional scale that contributes most to the local species 
pool (Lande 1996), which is valuable when examining 
variation in community composition in fragmented areas 
(Si et al. 2015). To assess the contribution of each sam-
pling level to total diversity, additive partitions of the data 
were made with four degrees of diversity: (α1) diversity 
within plot, (β1) diversity between plots within sites, (β2) 
diversity between sites within regions, and (β3) diversity 
between regions (northern vs. central regions). A compari-
son between the observed and expected diversity for α and 
β components (individual based randomization, with 1000 
simulations) was considered different when p < 0.05. This 
analysis was performed using the vegan package (Oksanen 
et al. 2017).

To test whether dissimilarities among multiple plots (β 
diversity) were due to nestedness (species gains or losses) 
or turnover components (species replacement among plots), 
a model using the Sorensen dissimilarity index was tested 
with the betapart package (Baselga and Orme 2012). The 
Sorensen dissimilarity index is widely used due to its 
dependence on the proportion of species shared between 
two communities (Baselga 2010), and produces three indi-
ces: Simpson dissimilarity (turnover component), Sorensen 

dissimilarity (the total beta diversity), and the nested-
resultant fraction of Sorensen dissimilarity (nestedness 
component).

A comparison of seasonal composition was done using 
NMDS ordination based on a Bray–Curtis dissimilarity 
matrix, on data for each sampling plot per season (wet and 
dry). To test for differences in species composition between 
seasons, a PERMANOVA (Anderson 2001) was performed 
on the Bray–Curtis dissimilarity matrix. For temporal analy-
sis, linear mixed effects models were constructed using rich-
ness and abundance of each plot (24 plots—dependent vari-
ables) in each season per year (2012 and 2013 independent 
variable) with the plot as the random factor. The package 
lme4 was used to perform the analysis (Bates et al. 2015). 
All statistical analyses were performed in R v.3.0.2 (R Core 
Team 2014).

Results

Species diversity patterns

We sampled 7,732 individual butterflies comprising 48 spe-
cies in four subfamilies (Biblidinae, Charaxinae, Nymphali-
nae, Satyrinae; see Supplementary Material T1 in Supple-
mentary Information). Twenty-eight species were sampled 
in northern sites (28 in Cajueiro, 18 in Jaíba, and 16 in Serra 
Azul), and 39 at the central site Serra do Cipó. Of the total 
sampled species, 20 were found only in the central site, and 
nine species were found only in the northern sites. Of the 
total sample abundances, eight were singletons, three were 
doubletons (see Supplementary Material T1), and 14 species 
of Biblidinae accounted for 89% (N = 6889) of all individu-
als. Eunica tatila represented 57% of the total individuals in 
Biblidinae. This species was sampled only in the northern 
sites, and was abundant during all sampling periods (66 ± 48 
individuals per site per sampling period). Hamadryas februa 
was also abundant in the northern sites, comprising of 37% 
of the Biblidinae, but only three individuals were sampled 
in the central sites. Members of the Satyrinae accounted for 
48% of the total species richness, and were sampled mostly 
in the central sites—20 out of 23 species, including ten 
found only in the central site.

Rarefaction-extrapolation based on species accumula-
tion curves suggest high coverage for each site (Fig. 2a) 
with a total richness of 59 species, with 99% sample cov-
erage, and corresponding to 81% complete sampling at 
the regional scale (Fig. 2b). Based on these curves, the 
expected number of species were: 44 for Lagoa do Cajue-
iro (28 sampled), 22 in Jaíba (18 sampled), and 21 in Serra 
Azul (16 sampled), plus 47 for the central site Serra do 
Cipó (39 sampled). Although the total richness in Serra 
do Cipó was higher than in northern sites (39 vs. 28), the 

https://chao.shinyapps.io/iNEXTOnline/
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GLM indicated that species richness did not differ among 
sites (14 ± 4 species per plot; p = 0.20, Quasipoisson dis-
tribution). Abundance at Serra do Cipó was lower than in 
the northern sites (56 ± 25, and 482.00 ± 188 individuals 
per plot, p < 0.01, Gaussian distribution), and species com-
position differed between Serra do Cipó and the northern 
sites (F = 11.69; R2 = 0.64; p < 0.001; Fig. 3).

Additive partitioning revealed significant differ-
ences between observed and expected species richness 
at all scales (Fig.  4). Although diversity within plots 
(α1) represented only 30% of the richness, it was higher 
than expected (p < 0.001). In contrast, the β-diversity 
component (β1 between plots; β2 between sites; and β3 
between the northern and central regions) accounted for 
70% of the species richness. The differences between 
plots within sites (β1 = 23%) and between sites within 
regions (β2 = 17%) were lower than expected (p < 0.001 
and p = 0.03, respectively), but there was a higher than 
expected difference between regions (β3 = 30%, p < 0.001; 
Fig. 4). The β-diversity among multiple plots was due 
mostly to species turnover (βSIM = 0.84), and this suggests 
local species replacement rather than species loss within 
sites.

Fig. 2   Rarefaction-extrapo-
lation species accumulation 
curves of butterfly richness 
between different dry forest 
sites in Minas Gerais: a total 
sampling. b Sampling areas. 
Color code: black = Lagoa do 
Cajueiro; dark blue = Jaíba; 
green = Serra Azul; red = Serra 
do Cipó

Fig. 3   NMDS plot showing similarity of butterfly species composi-
tion per site. Symbols: circle = Lagoa do Cajueiro; square = Jaíba; 
cross = Serra Azul; triangle = Serra do Cipó. The polygon marks 
Serra do Cipó, which differed in diversity from the northern sites in 
the PERMANOVA analysis

Fig. 4   Observed and expected 
species richness across 
multiple sampling scales: α1 
(black) = richness per plot; 
β1 (dark grey) = difference 
of richness between plots; β2 
(grey) = difference of richness 
between sites; and β3 (light 
grey) = difference of rich-
ness per region (northern and 
central). All scales showed 
significant differences between 
observed and expected
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Vegetation structure

The PERMANOVA analysis indicated that differences in 
butterfly community composition per plot corresponded 
to tree species richness, mean height and basal area, and 
individual site (Table 1, see Supplementary Material F1 in 
Supplementary Information). No vegetation structure vari-
able explained butterfly species richness per plot (Table 2).

Tree density, mean height, basal area, individual site, and 
the interaction of site and basal area influenced butterfly 
abundance (Table 2). Abundance was positively correlated 
with tree density and basal area (Fig. 5a, c), but negatively 
correlated with tree height (Fig. 5b). Tree richness had no 
effect on butterfly abundance.

Seasonality

Butterfly species composition (R2 = 0.031, p = 0.013; 
Fig. 6a), richness (p = 0.001), and abundance (p < 0.01) 
varied significantly between dry and wet seasons. We found 
no species that occurred only in the dry season—all dry sea-
son species were also sampled in the wet season (Fig. 6b). 
Finally, in the wet season we sampled more species and indi-
viduals than in the dry season (Fig. 7).

Discussion

Surprisingly, this is the first study to compare spatial 
and seasonal patterns of fruit-feeding butterfly diversity 
among tropical dry forests in the Cerrado region. We found 

significant regional differences in species diversity between 
northern and central TDFs (Figs. 2, 3). This suggests that 
northern and central sites represent separate regional com-
munities, and the high β-diversity between them (Fig. 3) 
reflects potential effects of surrounding habitats and their 
different ecological history (e.g., Dapporto et al. 2014; 
Figueiredo-Silva et al. 2017). The β-diversity due to species 
turnover implies that replacement of some species may be a 
consequence of environmental sorting or spatial and histori-
cal constraints (Baselga 2010). Working with South Ameri-
can TDF plant communities, Neves et al. (2015) found that 
precipitation and edaphic conditions explained most varia-
tion in species composition. Encompassing a greater scale in 
Latin America, the study of TDFs by Banda-R et al. (2016) 
found the transition caatinga-cerrado plant community to be 
different from that of cerrado. As observed here (Table 1), 
differences in vegetation structure can reflect differences in 
faunal composition (Didham et al. 2007; Ramos 2000).

Based mainly on taxa of Satyrinae, we found that the 
fauna of the central site differed from the transitional 
habitat communities in the northern sites (Fig.  3, see 

Table 1   Pairwise permutation tests (PERMANOVA) of differences 
in butterfly community composition in four Tropical Dry Forests sites 
in Minas Gerais, Brazil

a Complete model
b Minimal adequate model

Response variable Explanatory variable df F R2 P

Compositiona Tree richness 1 2.740 0.047 0.076
Tree density 1 1.123 0.019 0.298
Mean plant height 1 28.994 0.492 0.001
Basal area 1 2.688 0.046 0.060
Site 3 3.155 0.161 0.016
Tree richness: site 3 0.863 0.044 0.553
Tree density: site 3 0.398 0.020 0.945
Mean plant height: 

Site
1 1.383 0.023 0.262

Basal area: site 1 0.703 0.012 0.535
Compositionb Tree richness 1 3.214 0.047 0.031

Mean plant height 1 32.595 0.472 0.001
Basal area 1 4.748 0.069 0.018
Site 3 3.841 0.167 0.002

Table 2   Deviance of models showing the effects of tree richness, 
density, high and basal area on butterfly species richness and abun-
dance

a Complete model
b Minimal adequate model

Response variable Explanatory variable df Deviance p

Richness Tree richness 1 2.250 0.176
Tree density 1 0.083 0.783
Mean plant height 1 2.266 0.175
Basal area 1 0.085 0.781
Site 3 1.423 0.716
Tree richness: site 3 2.166 0.575
Tree density: site 3 3.522 0.387
Mean plant height: site 1 0.703 0.431
Basal area: site 1 0.076 0.792

Abundancea Tree richness 1 18,630 0.155
Tree density 1 58,075 0.024
Mean plant height 1 764,689 < 0.01
Basal area 1 357,492 < 0.01
Site 3 150,902 0.014
Tree richness: site 3 19,568 0.500
Tree density: site 3 34,089 0.285
Mean plant height: site 3 4142 0.480
Basal area: site 3 53,683 0.028

Abundanceb Tree density 1 64,689 0.009
Mean plant height 1 774,360 < 0.001
Basal area 1 353,229 < 0.001
Site 3 148,832 0.004
Basal area: site 3 82,892 0.031
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Supplementary Material T1 in Supplementary Informa-
tion). Representing nearly half of the total species rich-
ness, the Satyrinae accounted for the greatest difference 
in species diversity between northern and central sites (see 

Supplementary Material T1 in Supplementary Informa-
tion). Of the 23 Satyrinae species found in this study, only 
7 were common to both sites (all four Pharneuptychia spe-
cies, Paryphthimoides phronius, Paryphthimoides poltys 

Fig. 5   Butterfly abundance 
per plot corresponding to: 
a tree density, b mean tree 
height, and c basal area and 
the interaction with site. The 
lines in (a) and (b) represent all 
sites (there were no differences 
between them). In (c) solid 
line = Serra do Cipó, and dashed 
line = northern sites
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and Opsiphanes invirae), and 13 species occurred only in 
the central site.

The species composition between the northern sites and 
Catimbau National Park (separated by ca. 1400 km) was 
more similar than the northern sites and Serra do Cipó (sepa-
rated by ca. 500 km). Only 13 fruit-feeding nymphalid spe-
cies are known from Catimbau (Nobre et al. 2012), and ten 
of these species were sampled in the northern sites. The high 
species overlap between Catimbau and our northern sites 
suggests the Caatinga fauna is derived mostly from com-
munities that occupy the Caatinga-Cerrado transition zone.

Differences in butterfly abundance between the northern 
and central sites seem associated with their geographical 

location, and the individual abundance of two species (E. 
tatila and Hamadryas februa, see below). The northern sites 
located within a mosaic of dry forest and surrounded by 
agriculture had a greater abundance than the central site. 
Inasmuch as the central site TDF fragments are imbedded 
within Cerrado and limestone outcrops (Coelho et al. 2014), 
this may explain their lower abundance per plot. This obser-
vation is consonant with suggestions that landscape (Ribeiro 
et al. 2012) and vegetation structure (DeVries et al. 1999; 
Ramos 2000) adjacent to sampling points can influence but-
terfly community composition.

Eunica tatila constituted 51% of the total sampled abun-
dance (3,939 individuals) and only occurred in the northern 
sites, a pattern that corresponds to a study by Gozzi et al. 
(2008) in a transitional area between cerrado and caatinga. 
Although E. tatila is known to migrate (Welling 1959), it 
was abundant in all sampling periods, indicating that north-
ern sites contain larval and adult resources that supported 
multiple generations per year. In contrast, E. tatila is rare 
in some Caatinga sites (Nobre et al. 2012) and in Mexi-
can TDFs (Pozo et al. 2008), suggesting that such resources 
might be limited or seasonal. Hamadryas februa accounted 
for ca. 33% of all individuals and was the second most abun-
dant species (2578 individuals in the northern sites, three 
in the central site). The abundance of H. februa suggests a 
potential ecological release, where a high density of host 
plant might be driving local population growth (see example 
in DeVries et al. 1999). As the abundance of both E. tatila 
and H. februa could have been a response to larval resource 
density during our sampling period, future work is neces-
sary to understand if there is yearly variation in their local 
abundance.

Several rainforest studies found vegetation structure to 
be a good predictor of butterfly diversity (Shahabuddin and 
Terborgh 1999; Ramos 2000; Barlow et al. 2007) and abun-
dance (Ramos 2000). We found that vegetation parameters 
influenced butterfly species composition and abundance 
(Tables 1, 2). This might be due to the fact that different 
butterfly species occurred on plots with different vegeta-
tion structure, reflecting their microhabitat preference (e.g., 
light vs. shade). Butterfly abundance was lower in areas with 
taller trees (Fig. 4) and higher in areas with greater tree den-
sity and basal area (Table 2). Although not assessed directly, 
areas with greater tree density might be expected to have 
an increased availability of shade required by some species 
(e.g., Satyrinae). Finally, if TDF butterflies show vertical 
stratification as in rainforests (DeVries and Walla 2001; 
DeVries et al. 2011; Fordyce and DeVries 2016; Neves et al. 
2014), we may have underestimated total butterfly diversity 
by not sampling potential canopy-inhabiting species in areas 
with tall trees.

We found no relationship between butterfly richness 
and tree richness or density, mean height, and basal area 

Fig. 6   NMDS plot illustrating differences in butterfly composition 
between dry and wet seasons. Symbols: triangles and solid line: wet 
season, and solid circles and dashed line : dry season. The polygons 
separate the dry from the wet season, which were statistically differ-
ent in the PERMANOVA analysis

Fig. 7   Significant differences between wet and dry seasons in: a 
butterfly richness and b abundance. Wet season samples produced 
8.23 ± 0.55 species and 93.94 ± 11.75 individuals, whereas dry season 
samples produced 3.86 ± 0.28 species and 74.95 ± 10.15 individuals. 
Bars represent the standard deviation
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(Table 2; see also Barlow et al. 2008). This may be due to 
our using vegetation structure as a proxy for habitat com-
plexity, and not assessing plant diversity directly. In contrast, 
previous work showing positive correlations between but-
terfly and plant diversity addressed resource-based relation-
ships between herbivores and plants (e.g., European grass-
lands: Steffan-Dewenter and Tscharntke 2000; Checa et al. 
2014). Given the absence of comprehensive data on plant 
diversity and larval host plants at our study sites, the influ-
ence of plant richness on butterfly diversity in TDFs remains 
to be tested.

Availability of ephemeral resources has a significant sea-
sonal effect on tropical insect abundance (Wardhaugh 2014). 
As expected, TDF species diversity was highest in the wet 
season (Fig. 6), corroborating studies in other habitats (Sha-
habuddin and Terborgh 1999; Pozo et al. 2008; Nobre et al. 
2012; Checa et al. 2014). Inasmuch as TDF trees may lose 
> 95% of their leaves during the dry season (Pezzini et al. 
2014; Espírito-Santo et al. 2014; Neves et al. 2014), such 
seasonal change in forest structure can affect the availability 
of leaves needed for larval development and species that 
require shade for adult activities (Wardhaugh 2014).

Compared to other habitats, Brazilian TDFs are poorly 
studied and their entomofauna remains almost completely 
unknown. Only four studies have considered TDF butter-
flies; two in Minas Gerais (Gozzi et al. 2008; Neves et al. 
2014), and two in Pernambuco (Nobre et al. 2008, 2012). 
The present investigation showed that surrounding habitats 
and seasonality have important effects on butterfly diversity, 
community structure and dynamics. Although all Neotropi-
cal TDFs show a similar physiognomy, they are strongly 
heterogeneous by virtue of their patchy distribution within 
various biomes, and contain endemic taxa (Banda-R et al. 
2016). Our results argue that conservation efforts should not 
only account for the distinctiveness of TDFs, but also the 
integrity of surrounding habitats that influence their com-
munities. Fruit-feeding nymphalid butterflies, similarly to 
ants (Figueiredo-Silva et al. 2017), seem to reflect ecologi-
cal patterns of TDF plant communities by exhibiting high 
β-diversity resulting from species turnover.

By analyzing species diversity at multiple sites our study 
represents the most comprehensive ecological overview of 
TDF butterflies, and provides a first step toward identify-
ing ecological attributes that drive TDF insect community 
dynamics. In contrast to other tropical habitats, the most 
basic natural history information is unknown for most TDF 
butterflies (larval host plants, species distributions, etc). The 
geographic location of TDFs and their association with sur-
rounding habitats explain their uniqueness, and urgency for 
their conservation. We expect that the patterns we found 
for fruit-feeding butterflies are also applicable to other 
organisms, and it is clear that once these areas are lost, it is 
unlikely they could be regenerated. We feel that Brazilian 

TDF environments constitute exceptional opportunities to 
conduct comparative studies of species diversity and sea-
sonal dynamics across broad geographical areas, thus mak-
ing a substantial contribution to conservation biology.
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