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Diet of bromeliad-frog Phyllodytes luteolus
(Anura, Hylidae) in Atlantic Forest environments:
what have the frogs been eating outside sandy
coastal plains?
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Abstract. Knowledge about the diet of anurans in different environments is essential to understanding important aspects of
their trophic ecology. The bromeliad-frog Phyllodytes luteolus inhabits tank bromeliads in sandy coastal plains and lowland
forests on the mainland, as well as a continental island in southeastern Brazil. In this work, we describe and analyze the diet
of P luteolus in three environments. We obtained the consumed prey items of 92 frogs (32 from sandy coastal plain, 32 from
lowland forest and 28 from the island) via a stomach-flushing procedure. We found some variations in consumed prey compo-
sition and prey volume across populations, but ants represented the most important consumed prey in all environments. Only
ants had a relative importance greater than 50%, which may suggest a specialized diet that transcends the sandy coastal plain

environment.

Key-Words. Amphibians; Lowland forest; Prey; Restinga; Trophic ecology.

INTRODUCTION

Amphibians generally prey on a wide variety
of invertebrates (Lima et al, 2010; Cicort-Lucaciu
et al, 2011; Solé & Rodder, 2010), vertebrates
(Duellman & Lizana, 1994), and, less frequent-
ly, fruits (Silva & Britto-Pereira, 2006). They are
therefore considered to be generalists in their
diet. However, prey consumption by amphibi-
ans may vary in composition and size, especially
when populations live in different environments
(Berazategui et al., 2007; Sabagh et al., 2012; Maia-
Carneiro et al,, 2013).

The bromeliad frog Phyllodytes luteolus (Wied-
Newied, 1824) is an endemic species from the
Atlantic Forest on the eastern coast of Brazil (Frost,
2016). This frog evolved to use the water stored
in tank bromeliads, which are required for repro-
duction (Peixoto, 1995; Haddad & Prado, 2005).
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This ecological relationship with bromeliads al-
lows the frog occurrence in environments where
fresh water is a limiting resource, namely, in sandy
coastal plains (Peixoto, 1995; Ferreira et al., 2012;
Mageski et al,, 2016; Frost, 2016). However, some
populations of P, luteolus were recently found in
other environments, including lowland forests
and a continental island (Peixoto, 1995; Mageski
etal, 2014; Mageski et al,, 2015).

Phyllodytes Iluteolus was reported to be the
most abundant anuran in sandy coastal plains,
preying mainly on ants and termites (Eterovick,
1999; Ferreira et al, 2012; Mageski et al, 2015;
Motta-Tavares et al., 2016). However, nothing is
known about the diet of P. luteolus outside the
sandy coastal plains. This knowledge is crucial to
describing the spectrum of its diet and to under-
standing the patterns and variations of its prey
consumption, positioning in trophic webs and
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foraging strategies (Toft, 1980, 1981; Wells, 2007; Motta-
Tavares et al,, 2016).

We described and analyzed the diet of three P. luteo-
lus populations that inhabit different environments (san-
dy coastal plains, lowland forest and island) in order to
reveal the most important consumed prey item outside
sandy coastal plains. Our goal was to assess the variety of
consumed prey items (kind, number and volume) at each
environment in order to estimate trophic niche overlap-
ping among the populations and to determine the forag-
ing strategy of P. luteolus.

MATERIALS AND METHODS

We sampled three populations of P. luteolus in dif-
ferent environments in 2015 (9 and 10 May in the san-
dy coastal plain, 23 August in the island and 13 and 14
September in the lowland forest), all within Espirito Santo
State (Fig. 1). The sandy coastal plain (-20.614780° lat,
-40.418049° long, datum WGS84 - Fig. 1), which is great-
ly influenced by the ocean, is a largely open environ-
ment with sandy soil and low vegetation cover (Franco
et al, 1984; Mageski et al, 2016). The lowland forest
(-19.137466° lat, -40.062733° long, datum WGS84 - Fig. 1)
has a mixture of sandy and clay soil, with a high propor-
tion under cover of vegetation (Jacomine, 1996; Paula,
2006). The island (-20.613186° lat, -40.382230° long, da-
tum WGS84 - Fig. 1) is mainly composed of rocky out-
crops with ground vegetation and is close to the sandy
coastal plain (~3 km).

We searched for frogs randomly in clusters of tank
bromeliads during the night (18-23 h). Following cap-
ture, we applied a stomach-flushing procedure (Solé
et al., 2005) to obtain the stomach contents, which were
preserved in 70% ethanol. To prevent recapture, all cap-
tured individuals were kept in moist plastic bags until the
end of sampling and were then released.

41841248 -41.381504 -40.92176 40462016 -40.002272

N

A

-18.010048

-19.38442 -18.697234

-20.071606

Three Island
Archipelago

20758792

Figure 1. Study sites in Espirito Santo State, southeastern Brazil. Dark gray
points represent the sampled Phyllodytes luteolus populations.
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We analyzed the stomach contents under a stereo-
microscope. All prey items were identified to Order lev-
el, and ants were identified to Family level. The number
and frequency of occurrence for each prey item were
quantified, and the width and length were measured
with digital caliper (0.01 precision). These measurements
were required for calculating the ellipsoidal volume
(V=4/3m*(L/2) * (W/2)?), where L = prey length and W =
prey width (Colli & Zamboni, 1999; Biavati et al,, 2004), and
the index of relative importance (I = (N% + F% + V%)/3),
where N% = the number of each prey category relative
to the total number of prey ingested, F% = the number
of stomachs containing each prey relative to number of
stomachs analyzed, and V% = the volume of each prey
category relative to the total volume of prey ingested
(Biavati et al,, 2004). We used the prey volume to calcu-
late Pianka’s similarity index (Pianka, 1973) to test the
trophic niche overlap between populations:

i, pijpik
J X, PP X pik?

Ojk=

j and k are the pairs of populations being compared,
and pi is the proportion of prey i consumed (number or
volume).

Additionally, we performed an analysis of similarity
with non-metric multidimensional scaling (NMDS, Motta-
Tavares et al,, 2016) using Euclidean distance to compare
the presence of consumed prey across populations. We
used analysis of variance (ANOVA) to test whether the
number and volume of ingested prey were different
across populations (Motta-Tavares et al., 2016). All statis-
tical analyses were performed in R 3.1.2 (R Development
Core Team, 2016), using P < 0.05 as the significance level.

RESULTS

In all environments, P. luteolus were found inhab-
iting tanks of soil bromeliads in open areas (without
vegetation cover). We evaluated the stomach contents
of 92 individuals: 32 from sandy coastal plains, 32 from
lowland forest and 28 from the island. Three of the indi-
viduals collected in the lowland forest did not have any
stomach contents. We identified a total of 397 consumed
prey items belonging to 12 taxa (Table 1). Ants were the
most important prey category in the diet of P. luteolus in
populations sampled, representing the highest number,
frequency and volume relative to the other prey catego-
ries (Table 1). However, some consumed prey items were
exclusive to a single environment (Table 1 and Fig. 2).

The number of prey items consumed by P. luteo-
lus in the lowland forest (mean = 7.65 + 2.18 SE), san-
dy coastal plains (mean = 4.69 + 1.56), and on the is-
land (mean = 2.59 + 0.57 SE) did not differ (ANOVA,
F,7n = 2.22, P = 0.11), which was confirmed by the high
niche overlap between populations (Table 2). However,
the volume of consumed prey in the lowland forest
(mean = 21.51 + 5.28 SE) differed from that of the san-
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Table 1. Prey ingested by P, luteolus in three environments in Espirito Santo
State, southeastern Brazil. Number of ingested prey items in all stomachs (N),
frequency of prey items in all stomachs (F), volume of prey ingested per cate-
gory (V) and relative importance index (1).

Taxon N (%) F (%) V(%) 1(%)
Sandy coastal plains
Chilopoda 2(1.85) 2(7.14) 6.6(3.86)  3.5(3.4)
Coleoptera 2(1.85) 2(7.14) 9.8(5.67)  4.6(44)
Hymenoptera Formicidae 92(85.18)  20(71.43) 141.8(82.14) 84.6(82.4)
Ixodidae 3(2.78) 1(3.57) 1.9(1.13) 1.9(1.8
Isoptera 7 (6.48) 1(3.57) 7.8(4.54) 5.2(5)
Larvae 2(1.85) 2(7.14) 45(2.65)  28(2.7)
Lowland forest
Araneae 3(1) 3(9) 17.3(3) 7.7(2.58)
Coleoptera 6(3) 5(16) 25(4) 12(4)
Diptera 4(2) 2(6) 10(2) 53(1.7)
Hymenoptera Formicidae 196 (87) 27 (84) 357.5(58)  193.5(64.9)
Hymenoptera non-Formicidae 11(5) 7(22) 73.7(12)  30.5(10.2)
Hemiptera 4(2) 309 209(3) 9.3(3.1)
Odonata 1(0) 103) 1M7(19)  39.6(13.2)
Island
Coleoptera 2(3.08) 2(6.67) 26095  2.2(1.8)
Diptera 4(6.15) 4(1333)  8.6(3.11)  5.53(4.5)
Homoptera 1(1.54) 1(3.33) 94339  38(3.1)
Hymenoptera Formicidae 56(86.15)  21(70.00) 253(90.49) 110(90.5)

Table 2. Diet overlap index between populations of P luteolus on the island
and in mainland ecosystems in Espirito Santo State, southeastern Brazil.

Environments relations Prey number Prey volume
Sandy Coastal Plains x Island 0.73 0.74
Lowland Forest x Island 0.75 0.52
Sandy Coastal Plains x Lowland Forest 0.74 0.47

dy coastal plains (mean = 7.75 + 2.91 SE) and the island
(mean = 14.08 + 1.99 SE), presenting smaller niche over-
lap in relation to those two areas (ANOVA: F,; = 3.03,
P =10.05, Tukey HSD: P = 0.04) (Table 2).

DISCUSSION

The diet of P. luteolus was composed exclusively of
arthropods, and ants were the most consumed prey in
number, frequency and volume in environments sam-
pled. The high importance of ants in the diet of P. luteo-
lus was also observed in other sandy coastal plains in
Espirito Santo State (Ferreira et al,, 2012; Motta-Tavares
et al, 2016) and Bahia (Motta-Tavares et al., 2016; Solé &
Loebmann, 2017). Because of the high consumption of
ants and termites, P. luteolus has been considered to be
specialized with regards to its diet (colonial insects) and
foraging strategies (Ferreira et al, 2012). In addition, we
found that the importance of ants in the diet of P. luteolus
was independent of environment, which is further indic-
ative of diet specialization, similar to other frog species.
For example, ants also represented more than 50% of the
diet of two other dendrobatid frogs (Ameerega flavopicta
and A. braccata), which were thus classified as specialist
predators with active foraging behavior (Biavatti et al,
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Figure 2. Non-metric multidimensional scaling (NMDS) plot for prey pres-
ence. The represented populations of P luteolus in lowland forest (triangles),
sandy coastal plains (circles) and island (squares) environments in Espirito
Santo State, southeastern Brazil.

2004; Forti et al, 2011). However, it is necessary to con-
sider prey availability to determine whether the amount
of ants consumed by P. luteolus was proportionate to the
abundance of this prey in its environment.

Although ants were the most important prey in their
stomachs, P. luteolus also fed on 13 other prey items that
varied in either kind, or relative importance across pop-
ulations. In addition to ants, P. luteolus ingested Isoptera
and Coleoptera on sandy coastal plains, Odonata and
Hymenoptera (Non Formicidae) in the lowland forest
and Diptera and Homoptera on the island, as prey items
with secondary importance. If we consider the same prey
category division that was used in the present study,
the number of prey items consumed by P. luteolus was
the same as in the sandy coastal plain of northeastern
Espirito Santo (Ferreira et al,, 2012) and was higher than
that found in other sandy coastal plains in Espirito Santo,
Bahia and Rio de Janeiro (Motta-Tavares et al, 2016).
Although the differences probably reflect the available
prey in each environment, all consumed prey items were
strongly associated with bromeliads (Lima & Moreira,
1993; Mestre et al,, 2001; Juncé & Borges, 2002; Sepka,
2008). These findings corroborate other studies that
have suggested that P, luteolus rarely leaves the brome-
liads to feed (Peixoto, 1995; Ferreira et al,, 2012; Motta-
Tavares et al., 2016).

We found that in the lowland forest, P. luteolus con-
sumed a larger volume of prey and had a lower niche
overlap compared to sandy coastal plains and the island.
This variability is probably a consequence of the dis-
tance between locations and vegetation dissimilarities,
differences that are reflected in prey composition (Maia-
Carneiro et al.,, 2013). The sandy coastal plain and lowland
forest are very distant to each other (ca. 160 km) and have
dissimilar vegetation, whereas the island is nearby the
sandy coastal plain (ca. 3 km) and has similar vegetation
(Rizzini, 1979; Mageski et al.,, 2015). Similar patterns were
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found in a study comparing P. luteolus diet in three san-
dy coastal plains of southeastern Brazil (Guarapari, Guriri
and Prado), which showed that the major differences in
consumed prey volume were found between the more
distant populations (Motta-Tavares et al., 2016). Another
study that compared the diet of Rhinella ornata across
environments showed no difference in consumed prey
volume between similar environments (Maia-Carneiro
et al, 2013). Thus, both greater distance and vegetation
dissimilarities may influence the variability of prey com-
position between environments, and that is reflected in
the reported differences in consumed prey.

Our work contributes to the understanding of the
patterns and variations underlying the diet of P. luteolus
inhabiting environments outside of sandy coastal plains.
We suggest that ants may be the most important com-
ponent of the diet of P. luteolus, due to their high pro-
portion in the frog’s diet, as was observed in the environ-
ments studied here. Therefore, it is necessary to perform
comparative studies between consumed and available
prey items in bromeliads using the electivity index, as
proposed by Jacobs (1974), to determine whether the
observed dietary preferences of this bromeliad frog truly
exist or are merely an artifact of prey availability.
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