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2 INRA, UMR Ecologie des Forêts de Guyane, Campus agronomique de Kourou, 97310 Kourou, French Guiana

3 Soci�et�e Entomologique Antilles-Guyane (SEAG), 18 lot Amaryllis, 97354 R�emire-Montjoly, French Guiana

4 Department of Integrative Biology, University of California, 1005 Valley Life Sciences Building #3140, Berkeley, CA 94720, U.S.A.

5 Department of Biological Sciences, International Center for Tropical Botany, Florida International University, Miami, FL 33199, U.S.A

ABSTRACT

In the Amazon basin and the Guiana Shield, white-sand (WS) forests are recognized as a low-resource habitat often composed by a dis-
tinct flora with many edaphic endemic plants. Small patches of nutrient-poor white-sand forests can pose a series of challenges to plants
and animals. For plants, these challenges have been shown to function as strong filters that in turn drive taxonomic, functional and phy-
logenetic plant composition. However, very little is known about animal communities in WS forest and the effect that low-resource
availability may have on higher trophic levels. Here, we investigate the diversity of both taxonomic and phylogenetic diversity of three
Lepidoptera families’ (Nymphalidae, Saturniidae, and Sphingidae) assemblages between low-resource (White-Sand Forest) and two adja-
cent high-resource habitats, terra firme clay and seasonally flooded forests. We found no clear effect of habitat type on taxonomic compo-
sition although butterfly and moth species abundance differed among the three contrasted habitats. The WS forest Lepidoptera
community is significantly more phylogenetically overdispersed than expected by chance. We suggest that these low-resource habitats fil-
ter the number of plant lineages which, in turn, creates a bottom-up control structuring Lepidoptera phylogenetic structure. We recom-
mend long-term sampling on Lepidoptera community both at larval and adult stages that may complement this study and test
hypotheses linking herbivore phylogenetic structure to plant resource availability and trophic cascade theory.

Key words: Amazon basin; bottom-up; Lepidoptera composition; moth, Nymphalidae; phylogenetic structure; varillales.

IN THE AMAZON BASIN AND IN THE GUIANA SHIELD, WHITE-SAND

FORESTS ARE RECOGNIZED AS A LOW-RESOURCE HABITAT COMPOSED

BY A DISTINCT FLORA WITH MANY EDAPHIC ENDEMIC PLANTS (Spruce
1908, Anderson 1981, Fine & Baraloto 2016). Nutrient-poor
white-sand (hereafter WS) forests pose a series of physiological
challenges to organisms. For plants, these challenges have been
shown to function as strong filters that in turn drive taxonomic,
functional, and phylogenetic plant composition (Fine et al. 2010,
Fine & Kembel 2011, De Oliveira et al. 2014, Fortunel et al.
2014). For example, environmental filters have been shown to
select for plant species with resource conservation strategies in
WS forest — i.e., long leaf life span, denser and thicker leaves-
(Fortunel et al. 2014) in addition to lower leaf production rates
than high-resource habitats (Lamarre et al. 2014). The phyloge-
netic structure of plant communities is also affected by the low-
resource availability of the WS habitat in the Amazon basin (Fine
& Kembel 2011, Guevara et al. 2016). Fine and Kembel (2011)
found overdispersed phylogenetic structure of tree communities
in Peruvian WS, and reasoned that if traits that promote habitat
specialization are convergent, this overdispersed pattern could be

caused by environmental filtering. However, very little is known
about the community assembly of animal communities inhabiting
WS forest (but see Saaksjarvi et al. 2006, �Alvarez Alonso et al.
2013) and the possible effect that low-resource availability has on
higher trophic levels.

For insect herbivores, the resource limitations present in WS
could play a significant role on structuring herbivore community
composition, either directly or indirectly. Given that insect herbi-
vores have been shown to feed non-randomly and often on phy-
logenetically related sets of host plant species (Novotny et al.
2002, Ødegaard et al. 2005), one would expected that plant spe-
cies composition should affect the taxonomic and phylogenetic
structure of herbivore communities. For example, if herbivores
are specialists restricted to a subset of phylogenetically closely
related host plants, then the phylogenetic community structure of
herbivores may mirror the phylogenetic community structure of
plants. On the other hand, if herbivores in a community are lar-
gely generalists with regard to host plants, then the phylogenetic
community structure of plants will not influence the herbivore
community structure. Several studies have repeatedly shown
direct effects of plant species composition on herbivores and
other higher trophic levels (Blake et al. 2003, Schaffers et al.
2008, see Lewinsohn et al. 2005 for a review). Moreover, plant
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phylogenetic diversity has been shown to correlate with the struc-
ture and the composition of herbivore community (Pellissier et al.
2013) and/or higher trophic classes (Dinnage et al. 2012). These
results are also consistent with the idea of a strong bottom-up
control of herbivores mediated by plant phylogenetic diversity
(Schuldt et al. 2014).

Here, we explore the effect that a low-resource habitat has
on the community composition of three Lepidoptera families
including butterflies (Nymphalidae) and moths (Saturniidae and
Sphingidae) that are often dominant herbivores found in both
tropical and temperate ecosystems. To test the relationship
between habitat type and community composition, we compared
taxonomic and phylogenetic diversity of assemblages between
low-resource (WS) and two adjacent high-resource habitats, terra
firme clay (hereafter TF) and seasonally flooded forests (SF) in
Peru and French Guiana. In particular, we address the following
questions: (1) are WS forest Lepidopteran communities taxonom-
ically distinct from adjacent habitats? (2) How are WS Lepi-
dopteran communities structured phylogenetically compared to
high-resource forest habitats? The answers to these questions
contribute to the understanding of the mechanisms underlying
community assembly of both herbivore and plants in megadiverse
Amazonian forests.

MATERIALS AND METHODS

STUDY SITES.—Lepidopteran communities from White-sand (WS),
seasonally flooded (SF) and terra firme (TF) clay forest habitats
were sampled in four sites in Loreto, Peru and two sites in
French Guiana. Within a plot network of modified-Gentry plots
of 0.5-ha from a previous study, we installed two types of insect
traps (see below) in 12 plots that represent the entire range of
variation in climatic, edaphic, and forest structure factors
observed in the larger plot network (Baraloto et al. 2011). Two
replicates of each habitat type were sampled in each country rep-
resenting a total of four habitat replicates. In French Guiana, our
study plots were located at the Laussat Conservation Area in the
northwest (05°280 N, 053°350 W, 2471 mm annual rainfall) and
in the massif of Petite Montagne Tortue in the northeast (04°190

N, 052°140 W, 4421 mm annual rainfall). In the Department of
Loreto, Peru, plots were installed in the Allpahuayo-Mishana
National Reserve (Rio Nanay basin, 85°460 S, 053°120 W,
2701 mm annual rainfall) and the Jenaro Herrera Center of
Investigation (Rio Ucayali basin, 84°580 S; 059° 8W, 2664 mm
annual rainfall). Each habitat plot was installed at least 1 km
from each other to reduce collecting specimens from adjacent
habitats (e.g., tourists, see Ødegaard 2004). The Guianas have a
strong dry season and the department of Loreto, Peru has a
mostly aseasonal climate with a few drier periods (Marengo 1998,
Wagner et al. 2011).

LEPIDOPTERA SAMPLING METHODS.—We sampled adults of butterfly
(Nymphalidae) and moth communities (Saturniidae and Sphingi-
dae) weekly from August to November 2010 in French Guiana
and between May and September 2011 in Peru, corresponding to

drier periods in each region. We collected specimens with aerial
fruit traps (FT) for butterflies and automatic light traps (ALT)
for moths. The FT consisted of four bait traps installed in the
mid-understory (between 2 to 5 m). A fermented mixture of
sugar, rum, and banana juice was placed onto a platform
(40 cm 9 40 cm) into the device, surrounded by a mosquito net
cylinder (100 cm high, 30 cm diam.). For moth collections, we
installed a portable automatic light trap (ALT) with an 8-W back-
light tube to collect all arthropods during each new moon of the
study period (�2 d). We installed ALTs in the middle of each
plot and performed a total of 24 sampling-nights. A weak source
of light such as used for ALTs does not attract insects from long
distances, resulting in samples that are highly representative of
the local habitat and vegetation (Merckx & Slade 2014). Within
the studied plots each trap was separated by at least 20 m avoid-
ing spatial interferences between and within type of traps. We
employed equal sampling effort in terms of number of day–night
periods for each trap in each plot and in each country. All Lepi-
doptera specimens from ALT and FT were sorted, counted, and
then identified at species level. Unidentified morphospecies are
included in the analyses and are still pending identification.

SPECIES ASSEMBLY ANALYSES.—First we investigated whether the
WS forest Lepidoptera community supports a unique taxonomic
composition compared to adjacent SF and TF. First, species rich-
ness per each family was plotted among forest habitats using
Venn diagrams and the differences in number of species and spe-
cies abundance among habitats was tested with chi-squared con-
tingency table tests. In addition, we performed an index of
habitat association using the same analyses as a recent study on
tropical arthropods (Wardhaugh et al. 2012). This index of habitat
association (Sm) assigned species as habitat specialists (Sm > 0.9),
habitat facultative specialists (0.5 < Sm < 0.9), or generalists
(0.33 > Sm > 0.5). Second, we compared the relative abundance
of collected Lepidoptera family for each plot. We constructed a
NMDS ordination using Bray–Curtis matrix similarities to visual-
ize differences in Lepidoptera assemblages. We then tested for
Lepidoptera dissimilarity among habitats and between countries
with Kruskal–Wallis rank sum tests on the scores of the NMDS
axes. Statistical analyses for taxonomic approach were conducted
with Vegan (Oksanen et al. 2013) and VenDiagram (Chen & Bou-
tros 2011) packages in R.

PHYLOGENETIC TREE AND ANALYSIS.—To build a phylogenetic
hypothesis for the collected lepidopteran species, we searched in
GenBank for common sequences among our samples. We
decided to work with the COI marker given that 61 percent of
all of our study species and 98 percent of our study genera had
this gene sequenced and submitted to GenBank. For specimens
with no COI match in GenBank we substituted sequences of
congeneric species. Congeneric species without sequences were
added as polytomies to the final tree. To download the sequences
from GenBank and to perform a preliminary alignment we used
PhyloGenerator (Pearse & Purvis 2013). The alignment was per-
formed using MUSCLE, MAFFT, and Clustal-Omega (Edgar
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2004, Sievers et al. 2011, Katoh & Standley 2013). After using
METAL to assess the SPP (Sum of Pairs Score) distances
between alignments we selected the MUSCLE (Blackburne &
Whelan 2012) alignment. We trimmed the alignment manually
using ClustalX (Thompson et al. 1997) and we constructed our
phylogenetic hypothesis with RaxML (Stamatakis 2014). We used
Maximum Likelihood (GTR-GAMMA) with 50 runs and 200
replicates. Given that we only had the COI gene to build our
phylogeny we also used a topological constraint tree grouping in
polychromies for all members of the three families of Lepi-
doptera collected. Finally, we added Trichoptera (Hydroptila spp.)
as an outgroup. This insect order forms a well-supported molec-
ular and morphological monophyletic group with Lepidoptera
(superorder Amphiesmenoptera) where Trichoptera presents
more plesiomorphic characters (Wheeler et al. 2001). The result-
ing tree included 96 percent of all sampled Lepidoptera species
(Fig. 4).

We used the Picante R package (Kembel et al. 2010) to calcu-
late Phylogenetic Diversity (PD, sensu Faith 1992). This matrix is
based on the sum of the total phylogenetic distances for a speci-
fic community sample. To assess the phylogenetic structure of
the lepidopteran community, we calculated the Nearest Taxon
Index (NTI) and Net Relatedness Index (NRI) per habitat and
for each sampled plot. The NTI index calculates the mean dis-
tance to the closest taxon for every species in a given community.
This index is especially sensitive to changes in the phylogenetic
structure at the tips of the target phylogeny. The NRI index cal-
culates the mean pairwise distance between all species in the
community. Given that distances between species increase expo-
nentially at deeper nodes of the phylogeny, this index is especially
sensitive to phylogenetic patterns at the deeper nodes of the tar-
get phylogeny. Both indices are calculated using a permutation-
randomization approach to assess: (1) the standardized effect size
of the target sample against the expectation of randomly build
null communities; and (2) the probability that this value is due to
chance (P-value). For both indices, positive values represent com-
munities that are more phylogenetically dispersed than expected

by chance (species are less related than expected), and negative
values represent communities that are more phylogenetically
clustered (species are more closely related) that expected by
chance. Every analysis was performed with both presence–
absence and abundance data.

RESULTS

TAXONOMIC COMMUNITY STRUCTURE.—The total number of lepi-
dopterans collected in the three forest habitats in the two coun-
tries comprised 756 individuals representing 70 Nymphalidae, 84
Saturniidae, and 27 Sphingidae species (Table 1). The largest dif-
ference among habitats in species richness among the three stud-
ied families occurred in Saturniidae with nearly twice as many
species collected in TF as in WS (Fig. 1). Nymphalidae species
richness did not differ significantly among the three forest types.
Overall, there was relatively low overlap in composition across
habitats (Fig. 1). For instance, the number of shared species
across all habitats for Nymphalidae, Sphingidae, and Saturniidae
was relatively small (9.1%, 7.7%, and 7.4%, respectively). Never-
theless, only Saturniidae differs significantly in species richness
with low overlap between habitats (v2 = 13.83, df = 2,
P = 0.0009). We also found very little species overlap for each
lepidopteran family between French Guiana and Peru (see
Fig. S1). Overall, a higher abundance of lepidopterans was found
in TF clay forests with 2.4 and 1.97 times more individuals than
SF and WS, respectively. Chi-squared tests showed significant dif-
ferences in species abundance among habitats for Nymphalidae
(v2 = 42.3, df = 2, P-value < 0.001), Saturniidae (v2 = 90.6,
df = 2, P-value < 2.2e-16), and Sphingidae (v2 = 11.8, df = 2, P-
value = 0.0027). SF habitat supports lower abundance of lepi-
dopteran with 159 individuals collected. Most of the species
showed either a distributional preference (0.5 < Sm < 0.9) or are
specialized to a habitat (Sm > 0.9) with TF clay forest showing
the greatest percentage of species specialized and/or have a clear
preference to a forest type (Fig. 3). Our result does not show a
greater number of specialized species in WS forest although the

TABLE 1. Overall Lepidopteran community description (per plot) showing Fisher-alpha and Simpson diversity indexes in addition to Phylogenetic diversity measures.

Country Site Plot Habitat Species richness Overall abundance Fisher- alpha Simpson Phylogenetic diversity

French Guiana Petite G11 WS 33 68 27.1 0.955 6,21

Montagne G14 TF 43 95 30.3 0.967 7,10

Tortue G17 SF 27 43 31.1 0.957 5,63

Laussat G3 WS 29 43 49.8 0.956 5,46

G4 TF 41 133 20.3 0.938 7,3

G8 SF 29 42 47 0.957 5,72

Loreto, Peru Jenaro Herrera P13 WS 24 66 13.6 0.877 3,96

P16 TF 34 87 20.5 0.948 6,22

P19 SF 17 37 13.8 0.917 3,00

Porvenir P10 TF 28 79 16.5 0.949 4,58

P3 WS 13 26 10.3 0.86 3,19

P5 SF 16 37 13.8 0.922 3,30
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proportion is equally important than SF habitats (Fig. 3). A
strong similarity in taxonomic community structure among habi-
tats is observed in the NMDS ordination (Fig. 2) although it
showed considerable differences in species composition between
studied plots. Additionally, this ordination illustrated a strong
turnover in Lepidoptera assemblage between French Guiana and
Peru suggesting that continental scale geographic distance is the
main factor affecting species taxonomic composition (Table 2;
Fig. S1). Finally, our collection of Lepidoptera includes one
exceptional moth species that were recently described as new for
science (Saturniidae: Hemileucinae: Hyperchiria mesonesi) with three
of the four paratypes collected in Peruvian WS forest (B�en�eluz &
Lamarre 2014).

PHYLOGENETIC COMMUNITY STRUCTURE.—The Lepidopteran com-
munity in WS showed high levels of phylogenetic overdispersion
compared to TF and SF communities as well as compared to
random expectation models (positive standard effect size (SES)
value (SES > 0) and high P-values (P > 0.95). This result indi-
cates that phylogenetic distances among co-occurring species are
greater than expected by chance (Fig. 3; Table 3). Furthermore,
phylogenetic overdispersion was higher for the deeper nodes of

the phylogeny of the local Lepidopteran community (mean phylo-
genetic distances, NRI) than for the tips of the phylogeny (mean
nearest taxon index, NTI; Table 3). No significant non-random
patterns of phylogenetic community structure were found for the
other two habitats (Table 3).

DISCUSSION

In spite of an apparent lack of dispersal barriers and high geo-
graphical proximity to other habitat types, the WS Lepidopteran
fauna was the only habitat to show significant phylogenetic struc-
ture. Our results indicate that the Lepidopteran community found
in WS is more phylogenetically overdispersed than expected by
chance. This suggests that the traits that determine whether or
not lepidopteran herbivores can be found in WS are not phyloge-
netically conserved. Based on what is currently known about the
WS habitats (low-resource availability and non-random patterns
of plant defense traits and phylogenetic structure), we hypothe-
sized that these labile traits are related to the ability of Lepi-
doptera species to feed upon low-nutrient foliage, and the
increased physical and chemical defenses from WS host plants
(Fine et al. 2010).

FIGURE 1. Venn diagrams illustrating the number of species in each Lepidoptera family between White-sand forest (WS, yellow), seasonally flooded forest (SF,

blue), and terra firme clay forest (TF, red).
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LEPIDOPTERA COMMUNITY COMPOSITION.—White-sand soils in Ama-
zonian lowland forest have been found to harbor a unique tree
species composition, but surveys of higher trophic levels have
been limited to Ichneumonidae wasps (Saaksjarvi et al. 2006) and
birds (�Alvarez Alonso et al. 2013, Borges et al. 2016). We pre-
dicted that WS would support a significantly different assemblage
of adult Lepidoptera compared to neighboring habitat types.
Indeed, we found low overlap in species composition between
WS and other habitats, although beta-diversity was high among
all sampled sites, not only in WS- and non-WS comparisons
(Figs. 1 and 2).

The low overlap in herbivore species composition between
highly contrasted habitats may be explained by changes in host
plant species composition and differences in habitat structure
(such as canopy openness, see D�attilo & Dyer 2014). Previous
studies have shown that plant species composition shows strong
turnover among local communities (Tuomisto et al. 2003) and
across different habitats (Fine et al. 2010). Although our study
suggests that environmental filtering among Lepidoptera commu-
nities was much weaker than geographic turnover (Fig. 2), we
speculate that turnover in plant resources (i.e., leaf, roots, and
flower) could strongly influence herbivore community patterns
among habitats. Thus, both geographic and habitat effects are
likely to structure lepidopteran fauna. In addition, our sampling
design collected only adult Lepidoptera which are very mobile
organisms (e.g., the ‘tourist issue’, see Ødegaard 2004). Environ-
mental factors may not be the main driver of lepidopteran com-
munity structure, as is often assumed for tropical plant
communities (Condit et al. 2002, Tuomisto et al. 2003). It is likely
that some large body-sized moths such as some Sphingidae and
Saturniidae could have been attracted from adjacent habitats. We
therefore recommend long-term sampling in multiple seasons
among these three major Amazonian forest habitats (DeVries
et al. 2012) to enhance this analysis, and increasing the collection
to sample larvae.

FIGURE 2. Non-metric Dimensional Scaling (NMDS) ordinations illustrating

community similarity in Lepidoptera taxonomic composition among plots of

different habitats, regions, and countries. French Guiana plots are colored in

blue and Peruvian plots in red. Habitats include terra firme clay forest (circle),

white-sand forest (triangle), and seasonally flooded forest (square). Light and

dark blue symbols represent the Laussat and Regina regions of French Gui-

ana, respectively. Light and dark red symbols represent the Porvenir and

Jenaro Herrera regions of Peru, respectively.

TABLE 2. Kruskal–Wallis correlation chi-squared test (with associated P-value) between

the scores along the two ordination axes extracted from NMDS and

habitat/country.

Factors Index

NMDS axis 1 NMDS axis 2

v2 P v2 P

Habitat Bray 0.269 0.874NS 1.077 0.584NS

Country 8.308 0.004*** 0.026 0.873NS

Habitat MPD 1.385 0.500NS 0.615 0.735NS

Country 3.103 0.078 0.103 0.749NS

*** P<0.01 significant ., NS. not significant.

FIGURE 3. Sm index of habitat association. White-sand forest (WS, yellow),

seasonally flooded forest (SF, blue), and terra firme clay forest (TF, red).

TABLE 3. Results of Phylogenetic community structure analysis (MPD and MNPD)

for the three studied habitats.

Mean Pairwise Distance (MPD)

Habitat Number of taxa

Standardized effect size

(mpd.obs.z) P-value (mpd.obs.p)

SF 72 �0.2331413 0.39

TF 113 �0.2912147 0.32

WS 80 2.5729103 1

Mean Nearest Taxon Distance (MNTD)

Habitat Number of taxa

Standardized effect size

(mntd.obs.z) P-value (mntd.obs.p)

SF 72 0.131695 0.56

TF 113 0.1822968 0.56

WS 80 1.3420377 0.9
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In spite of small sample sizes (see Fig. S2), our results
showed that terra firme clay forests support nearly twice as many
individuals than WS, a pattern consistent with predictions derived
from the resource availability hypothesis (e.g., the growth-defense
allocation tradeoffs, see Coley et al. 1985, Fine et al. 2006,
Lamarre et al. 2012). Because plants growing in terra firme clay
forests likely have more available resources, they could invest in
less physical and chemical defenses, thus plant resources may be
more palatable and attractive for herbivores. A study on the her-
bivore fauna of Protium subserratum, a species complex that has
ecotypes on white-sand and terra firme forests also found signifi-
cantly higher herbivore abundances in terra firme forests compared
to white-sand forests (Fine et al. 2013).

Contrasting geological and edaphic histories between
French Guiana and Loreto, Peru, are likely to influence the
evolution and historical biogeography of the regional biota
(Hoorn et al. 2010). Our results do show evidence of strong
geographic turnover in Lepidoptera community composition
between French Guiana and Peru (Fig. 2; Fig. S1). Further-
more, it is possible that both edaphic and climatic factors
could act as important determinants in structuring Lepidoptera
community assemblages at large geographical scales. Contrasts
in soil profiles between ancient soil of the Guiana shield and
young and fertile soil of Peru in addition to steep seasonality
differences may influence the geographical turnover found in
our studied plots (Fig. 2), a pattern already shown in Scarab
beetle communities (Radtke et al. 2007).

PHYLOGENETIC STRUCTURE IN WHITE-SAND LEPIDOPTERAN

COMMUNITY.—Our study revealed an unexpected pattern of phylo-
genetic overdispersion in the WS community of Lepidoptera. The
pattern was consistent across all three sampled lepidopteran
clades (Fig. 4). We predicted that the local plant phylogenetic
community structure should shape herbivore community struc-
ture (Dinnage et al. 2012, Pellissier et al. 2013 and Schuldt et al.
2014). Our results show that this is not the case for the Lepi-
doptera community in WS forests. The study of Fine and Kem-
bel (2011) that was in part conducted in the same sites found
that the WS plant community was significantly phylogenetically
clustered at the deeper nodes of the plant phylogeny (NRI) when
relative abundance was included, an inverse pattern to the strong
phylogenetic overdispersion found in this study. Insect herbivores,
and specially moths and butterflies, are thought to have non-ran-
dom phylogenetic feeding patterns (Ehrlich & Raven 1964, Jan-
zen 1988, Novotny et al. 2002, Ødegaard et al. 2005). Because of
this non-random plant host association, it has been proposed that
changes in the plant phylogenetic structure of the plant commu-
nity will be mirrored by changes in the herbivore phylogenetic
community composition (Dinnage et al. 2012, Pellissier et al.
2013, Schuldt et al. 2014). Although we do not present plant
community data, our data and findings from the same studied
plots in Peru suggest that the phylogenetic structure at deeper
nodes of the WS Lepidoptera community is not consistent with
the phylogenetic structure of the deeper nodes of the plant com-
munity (Fine & Kembel 2011). One possible explanation for this

contradictory pattern is that the strong habitat filtering that WS
impose on the plant community (see Fine et al. 2005, Fine &
Kembel 2011) might have selected over time convergent func-
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Eunica viola
Eunica marsolia
Eunica sp.1
Amphonyx  duponchel
Cocytius antaeus
Neococytius Cluentius
Protambulyx eurycles
Protambulyx goeldii
Enyo l. lugubris
Enyo ocypete
Xylophanes crenulata
Xylophanes rufescens
Xylophanes fusimacula
Xylophanes anubus
Xylophanes t. thyelia
Xylophanes hydrata
Xylophanes epaphus
Xylophanes amadis
Xylophanes chiron nechus
Xylophanes t. thyelia
Callionima nomius
Eumorpha megaeacus
Isognathus leachii
Isognathus occidentalis
Isognathus excelsior
Erinnyis e. ello
Erinnyis a. alope
Pachylia darceta
Perigonia lusca
Pachylia ficus

W
S

TF S
F

FIGURE 4. Phylogenetic tree of Tropical butterfly (Nymphalidae) and moths

(Sphingidae and Saturniidae) and the habitat where they occur colored as fol-

low: White-sand forest (WS, yellow), seasonally flooded forest (SF, blue), and

terra firme clay forest (TF, red). Pictures represent an Automeris innoxia (Saturni-

idae), Xylophanes pluto (Sphingidae), and Zaretis itys (Nymphalidae).
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tional traits across the Lepidoptera phylogeny (Ehrlich & Raven
1964, but see host shifts, Fordyce 2010).

White-sand forests are characterized by vegetation with
pronounced sclerophylly, low diversity, and high endemism
(Medina et al. 1990, Fine & Baraloto 2016) forging a distinct
plant functional community (Fortunel et al. 2014). The low-
resource environment is likely filtering the number of lineages
of host plants available with focal tree lineages exhibiting strong
habitat association (Fine et al. 2005, Lamarre et al. 2012). Only
a small assemblage of herbivorous caterpillars might be able to
feed on the thicker and tougher leaves exhibited by WS tree
dominants (Fortunel et al. 2014). Similar patterns were found in
hemipteran sap-suckers that modify their stylet to feed on rela-
tively tough tissue (Pollard 1968). Moreover, studies conducted
in species-rich Brazilian Cerrado presenting pronounced sclero-
phylly and related defenses attributes (Diniz & Morais 1997)
similar to WS forest have shown a high number of host spe-
cialists (Morais et al. 2011), a pattern we might have predicted
for WS herbivores. However, these studies did not assess phy-
logenetic structure among Lepidoptera assemblage. In turn,
convergent adaptation in herbivores to feed on less palatable or
better defended plants is likely to generate phylogenetic overdis-
persion found in our study. Nevertheless, other ecological inter-
actions can also create an overdispersed pattern in herbivores.

The most important factors that would affect herbivore
community structure are environmental filters and/or biotic inter-
actions such as top-down and bottom-up control (Hunter &
Price 1998, Price 2002). Nevertheless, given the scale of the local
environmental factors in our study (the relative short distance
between WS, SF, and TF), these are not likely to directly cause an
overdispersed pattern on mobile organisms, as confirmed with
our taxonomic approach. Top-down interactions are also not
likely to promote overdispersed patterns because predators and
parasitoids will not likely discriminate between closely related her-
bivores especially for adult butterflies that are not exposed to par-
asitism (see Jeffries & Lawton 1984 for the enemy-free space
hypothesis). Finally, bottom-up control is likely to have the great-
est effect on herbivore community structure (Ribeiro & Basset
1999, Price 2002). The relative strengths of bottom-up forces
with plants as primary producers influencing associated higher
trophic levels in tropical regions are thought to be much stronger
than the influence of top-down effects (Price 2002). The low-
resource environment of WS forests would directly affect higher
trophic level because primary consumers have to deal with low-
nutrient foliage quality, sclerophylly (Ribeiro & Basset 2009),
resource conservation strategies (Fortunel et al. 2014), and a slow
turnover of plant tissues (Lamarre et al. 2014).

We acknowledge the fact that the present study represents
only a fraction of the total lepidopteran fauna (around 60% based
on rarefaction curves, see Fig. S2), and that the small sample size
makes it more difficult to interpret our results. Nonetheless, we
also believe that a larger sample size would not likely change the
patterns found for the phylogenetic structure of the WS lepi-
dopteran fauna for three main reasons. First, the patterns of
overdispersion were consistent between presence/absence and

abundance-weighted analyses which suggests that singletons (one
of the major problems of small sample size for community data,
see Ødegaard 2004) are not unduly influencing the patterns
found here. Second, the overdispersed pattern is apparent on all
major clades of the sampled insects (Fig. 3) suggesting that this
pattern is robust to sampling effort, confirmed by the permuta-
tion-randomization approach of our phylogenetic analysis. Finally,
the fact that this pattern was stronger at the deeper nodes of the
phylogeny suggest that these results are not likely to be signifi-
cantly altered by the addition of unsampled species as these
would add tips to the branches of the tree rather than the deeper
nodes.

CONCLUSION

Our data suggest that the phylogenetic structure of the Lepi-
doptera community found in WS may result from the combina-
tion of a specific array of plant defense traits and local habitat
filtering processes affecting plant functional diversity. Given the
close relationship that herbivores share with their host plants
(Ehrlich & Raven 1964), we expect that the presence or absence
of compatible host plants (and their functional attributes that
have evolved throughout the lepidopterans multiple time) in a
given habitat will greatly determine the presence or absence of
plant herbivores (Weiblen et al. 2006). Theory and some empirical
data have suggested that plants in WS forests are not only phylo-
genetically clustered but also that are likely to be less palatable
for herbivores than in other forest habitats (Coley et al. 1985,
Fine et al. 2004). Although we did not collect data on herbivore
feeding preferences at the larval stage, we believe that the filtering
effect that the WS forests exert on the plant community and the
distribution of defense traits could be a plausible explanation for
the phylogenetic overdispersed pattern found in this study.
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