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Pollination and seed dispersal are determinants for plant survivorship. Among land vertebrates, mammals and
birds stand out in these relationships with plants. On the other hand, frogs are not expected to play a role in these
interactions, as nearly all species are carnivorous (mostly insectivorous) after metamorphosis. However, one
species attracts attention: Xenohyla truncata, which includes plant parts on its natural diet. Recently, we observed

unexpected interactions between this Neotropical treefrog and plants in their native range. The frog fed on
different plant parts, consuming fruits, floral structures and nectar with suction-like movements, and we
observed pollen grains adhered to the frog’s back, which renders this treefrog as a potential pollinator, besides its
already established role as seed disperser. Nectar ingestion during the reproductive season could benefit in-
dividuals under high energetic demand. This is a unique and outstanding example of unforeseen interactions

between amphibians and plants.

Seed dispersal and pollination play key roles in plant diversity, dis-
tribution, and survivorship (Snell et al., 2019; Carvalheiro et al., 2021).
Dispersal mechanisms can be physical, such as flight mechanisms and
explosive dispersal, or biological, such as animal dispersal (Seale and
Nakayama, 2020). Among many forms of dispersal, zoochory (seed--
dispersal by animals) and zoophily (pollen transfer by animals), are
widespread among endothermic vertebrates (birds and mammals)
actively contributing to the dynamics of this diversity (Ollerton, 2017;
Snell et al., 2019; Carvalheiro et al., 2021). Ectothermic terrestrial
vertebrates (amphibians and reptiles) also are recorded as seed dis-
persers and floral visitors (Da Silva and Britto-Pereira, 2006; Pietczak
et al., 2013; Carvalheiro et al., 2021), but only reptiles play roles as
pollinators (Sazima et al., 2005; Ortega-Olivencia et al., 2012; Cozien
et al., 2019), even though this relationship is understudied for these
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organisms, and no amphibian is recorded as pollinator. It is also worth
noting that not all floral visitors qualify as effective pollinators. Some
species are larceners that remove the necessary resource from the plant,
and cause damage or destruction/consumption of the floral structure
(Inouye, 1980; Alves-dos-Santos et al., 2016), not only making its use
ineffective through consumption of the resource, but also disabling the
structure for animals that would effectively pollinate the flowers.

For post-metamorphic amphibians, consumption of fruit and other
plant parts (as leaves and flowers) is known for only a few species (e.g.,
Isaacs and Hoyos, 2010; Batista et al., 2011; Oliveira et al., 2017; Sev-
erginini et al., 2021; Table 1). Such a diet is suggested to benefit in-
dividuals by improving digestion and providing an additional source of
water (Anderson et al., 1999). Nevertheless, in these cases the plant
ingestion is considered accidental while hunting for invertebrates or
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Table 1
Plant species reported in the diet of Xenohyla truncata (asterisk indicates alien
species).

Plant species Plant References
parts
Anthurium harrisii (Araceae) fruit da Silva et al., 1989; Da Silva and
Britto-Pereira, 2006

Cordia taguahyensis fruit, This study
(Cordiaceae) nectar

Erythroxylum ovalifolium fruit da Silva et al., 1989; Da Silva and
(Erythroxylaceae) Britto-Pereira, 2006

Iris x germanica (Iridaceae)* flower This study

Maytenus obtusifolia fruit Da Silva and Britto-Pereira, 2006
(Celastraceae)

Not identified flower Da Silva and Britto-Pereira, 2006

other animal prey (Anderson et al., 1999; Teixeira et al., 1999; Sabagh
and Carvalho-e-Silva, 2008).

Two anuran species, Euphlyctis hexadactyla (Asian dicroglossid) and
Xenohyla truncata (South American hylid) are exceptions to the gener-
alized insectivorous/carnivorous diet. For these two frogs, plant parts
consumption is intentional, habitual, and probably relevant to their
energy intake (Das, 1996; Da Silva and Britto-Pereira, 2006). Between
these, the most remarkable case is the one involving the South American
treefrog, X. truncata, a Vulnerable (VU) to extinction species (Brasil,
2022), Near Threatened (NT) by IUCN, and endemic to the Brazilian
Atlantic Forest. This treefrog is restricted to coastal plains (Restinga
habitat) of the state of Rio de Janeiro (Frost, 2022), sheltering inside
bromeliads and reproducing in temporary ponds (Carvalho-e-Silva et al.,
2004). It is omnivorous, with preference for fruits, and preys on in-
vertebrates sporadically (Da Silva and Britto-Pereira, 2006). Thus, this
frog is considered as a seed-disperser (da Silva et al., 1989), a unique
trait among post-metamorphic amphibians.

During a recent expedition to its natural range in a Restinga envi-
ronment, we made new records of plant ingestion by X. truncata,
including the consumption of floral parts (petals and nectar) with
suction-like movements, which is a novel information about its feeding
habits, and a unique case among amphibians.

We conducted in situ observations of a breeding population of
X. truncata on 15 December 2020, in a Restinga vegetation area in the
municipality of Bizios, state of Rio de Janeiro, southeastern Brazil
(22°46'13.947S, 41°57'4.47” W; WGS84; 2 m a.s.l.), for approximately
four hours (from 6:00 to 10:00 pm). Air temperature was 25.8 °C. We
observed five individuals of X. truncata in feeding activity on two plant
species between 7:00 and 9:00 pm. During the observations from a
distance of 2 m we used flashlights indirectly pointed toward the focal
individuals. Throughout the observation sessions, we used “all
sequence” and ad libitum sampling methods (Altmann, 1974), which are
employed to record temporary or unpredictable events. Pictures (ZUEC-
PIC 650) and videos (ZUEC-VID 994-6) of X. truncata that resulted from
our observations are at the Museu de Diversidade Bioldgica (MDBio),
Universidade Estadual de Campinas, Campinas, Sao Paulo, Brazil. The
research is registered in SISGen (#A3E7CB1) according to Brazil’s
legislation.

The frogs were feeding on two plant species we found at the Restinga:
the native Brazilian milk fruit tree, Cordia taguahyensis (Boraginaceae),
and the alien bearded iris, Iris x germanica (Iridaceae). The former was
abundant at the study site, whereas we found only a few individuals of
the latter, probably a result of gardening activities at the edge of the
Restinga habitat.

At approximately 7:20 pm a X. truncata individual (sex undeter-
mined) jumped on a flower of the bearded iris (Fig. 1A), grabbed and bit
it starting suction-like movements (Fig. 1B; Video S1). The individual
remained on the flower for about 15 min. Afterwards, the frog released
what was left of the flower (Fig. 1C) and remained on the plant for about
10 min before jumping toward nearby bromeliads.
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Around 8:00 pm we observed other X. truncata individuals leaving
bromeliads and climbing a Brazilian milk fruit tree full of fruits and
flowers. Three individuals (sex undetermined) clustered around a ripe
fruit and began a dispute to get close to the fruit, pushing each other
away as they tried to bite the fruit (Fig. 1D; Video S2). After approxi-
mately five min, two individuals gave in and remained perched on
branches close to the fruit, while the third began to nibble the fruit,
increasing a pre-existing hole to gain access to the pulp (Fig. 1D). While
this individual fed on the fruit, the others no longer disturbed it. The
same individual remained nibbling and sucking the fruit pulp for about
10 min, the others eventually approaching to feed.

On the other side of the same tree, we observed a X. truncata indi-
vidual that climbed a branch and entered an open flower (Fig. 1E),
where it remained for approximately 5 min performing suction-like
movements (Video S3). Upon leaving, pollen grains were adhered to
its back (Fig. 1F).

This is the first report of a frog species actively feeding on nectar and
flowers in nature and the first evidence that it may act as pollinator. Not
only unexpected, but these observations add complexity to the previous
reports (da Silva et al., 1989; Da Silva and Britto-Pereira, 2006), sug-
gesting that the interactions of X. truncata with plants go beyond fruit
feeding and seed dispersal.

Nectar could be highly energetic (Winkler et al., 2009; Aratijo and
Rocha-Filho, 2019), and sugar concentration in species of Cordia spp.
may vary from about 14 to 16% (Machado and Loiola, 2000; Dalsgaard,
2011; Wang et al., 2020). At the same time, calling is one of the most
physiologically expensive sustained activities performed by an anuran
(Taigen and Wells, 1985). Thus, nectar-feeding could be a relevant
source of energy for individuals engaged in calling activity and disputes
for territory and females. Females also spend a great deal of energy to
produce oocytes. Consequently, it could be advantageous to feed on
nectar (and fruits) during breeding seasons, as recorded herein.

Not every floral visitor qualifies as a pollinator, as some of them act
as cheaters, removing the resources from the plant during feeding and
damaging or destroying the flowers (Genini et al., 2010; Alves-dos-
Santos et al., 2016), as we observed for X. truncata and Iris x germanica
(Fig. 1B). We suggest that X. truncata consumes petals of other flower
species as well (see Da Silva and Britto-Pereira, 2006). The opposite
happened for C. taguahyensis, a native species, where the frog enters the
flower and leaves with pollen adhered to skin (Fig. 1E-F).

As mentioned, the relationship between X. truncata and the native
C. taguahyensis is remarkable. The flower structure of C. taguahyensis
allows X. truncata to enter and exit the flower, and to carry pollen grains
after the visit. In this case, X. truncata could act as a pollinator of this
species, or even of other plant species with similar floral structure.
However, to play the pollinator role of C. taguahyensis, this frog should
visit another flower or another plant individual on the same night. We
lack information about the breeding system of C. taguahyensis, but some
Cordia species are self-compatible, whereas others are self-incompatible
(Opler et al., 1975; Machado and Loiola, 2000; Mcmullen, 2011; Wang
et al., 2020). As X. truncata wanders from one plant to another before it
settles in a bromeliad for daytime shelter (our pers. obs.), it is likely that
the above mentioned scenario about its pollinator role actually occurs.

Species in the genus Cordia are visited by a wide variety of in-
vertebrates, such as bees, butterflies, beetles, wasps and flies (Opler
et al., 1975; Machado and Loiola, 2000; Lopes et al., 2015), as well as
vertebrates such as bats (Alvarez and Quintero, 1970) and birds (Opler
etal., 1975; Dalsgaard, 2011; Wang et al., 2020). Thus, C. taguahyensis is
likely pollinated by multiple animal species and the treefrog X. truncata
is now a potential pollinator candidate.

Previous information of the consumption of plant parts by X. truncata
is based on feces and stomach content analyses (da Silva et al., 1989; Da
Silva and Britto-Pereira, 2006). Our record is the first observation of this
treefrog actively searching and consuming plant parts in nature. Seeds of
C. taguahyensis are too large to be swallowed by this frog, thus pre-
venting their dispersion as demonstrated or implied for the seeds of
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Fig. 1. Iris x germanica flower (A). Xenohyla truncata eating an Iris x germanica flower (B) and its remains after consumption by the frog (C). X. truncata nibbling a
Cordia taguahyensis fruit (D). X. truncata within a Cordia taguahyensis flower (E), and coming out of it with pollen grains (red arrow) on the back (F). Photographs by C.
H. de-Oliveira-Nogueira. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Anthurium harrisii, Erythroxylum ovalifolium, and Maytenus obtusifolia (da
Silva et al., 1989; da Silva and Britto-Pereira, 2006). Da Silva and Britto-
Pereira (2006) suggest that color perception may be involved in the
X. truncata finding and choosing fruits, due the yellow and red colors of
the consumed fruits. Likewise, the C. taguahyensis fruits are globose,
white and conspicuous against the background (Fig. 1). Thus, if colors,
or at least contrast is relevant for this treefrog, it could be a model taxon
for optical sensitivity studies (e.g., Yovanovich et al., 2017). Anyway,
we cannot rule out the possibility of chemical sensing ability to detect
these fruits by X. truncata as well.

The consumption of fruit species by X. truncata seems related to the
phenology of the plants in the Restinga habitat (Da Silva and Britto-
Pereira, 2006). At the time of our observations, C. taguahyensis had
many flowers and fruits, and several X. truncata individuals were
perched on the same plant individual. Our finding strengthens the hy-
pothesis that the consumption of plant parts complement its diet ac-
cording to fruit availability (Da Silva and Britto-Pereira, 2006). Another
use of this type of food would be the accumulation of toxins (Da Silva
and Britto-Pereira, 2006), which could protect this treefrog from some
predators.
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Our observations are not only novel considering an amphibian spe-
cies’ diet, but it is also relevant in providing more natural history in-
formation of this threatened to extinction endemic treefrog. The forecast
of future climate suitability coupled with sea rise levels have already
been suggested as possible causes for the future decline of this species
(Oliveira et al., 2016). Now, it is even more important to preserve the
populations of X. truncata, as its ecological role is unique and distinct
from all other living amphibians (Cortés-Gomez et al., 2015). Losing this
treefrog species would also imply the extinction of a unique amphibian-
plant interaction.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fooweb.2023.e00281.
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