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Food selectivity in a neustonic tadpole
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Abstract. Amphibians play important roles in aquatic habitats and also constitute important elements connecting aquatic
and terrestrial food webs. The majority of tadpoles consume a large amount of aquatic resources before they metamorphose and move to the terrestrial habitat. However, the diets and specially the foraging behavior of tadpoles are largely unknown. Some studies have been showing that they can respond to factors as varied as tadpole ecomorphotype, seasonality,
habitat structure, and tadpole developmental stage. Here we studied the diet of the morphologically specialized neustonic
tadpoles of Phasmahyla jandaia in three different developmental stages to test for ontogenetic differences in their diet and
food preferences. We found tadpoles in all stages to feed on food items available at the water surface as expected based on
their morphological features, leading to great niche overlap among them. However, tadpoles in different stages still showed
different electivity values related to consumed food items, showing active food choice, even within ecomophotype restrictions. Our results corroborate the complexity of tadpole foraging behavior and its influencing factors, advocating for more
attention to these aquatic consumers.
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Introduction
Anurans are important invertebrate predators and are responsible for a relevant amount of energy transfer between
aquatic and terrestrial habitats due to the biphasic life cycle of most species (Alford 1999, Dutra & Callisto
2005). In this context, the larval phase of most anurans
is extremely important, as they consume large amounts
of aquatic organisms (Altig et al. 2007, Schiesari et al.
2009) and experience extensive growth and development
in bodies of water until they become terrestrial adults. Besides, tadpoles experience very high predation rates, an additional contribution to aquatic food webs (Wells 2007).
However, the diets of tadpoles are understudied, and even
their trophic roles are often difficult to establish (Schiesari et al. 2009).
Diet is an important aspect of a species natural history,
as consumed items provide information on species interactions within the food web, whose comprehension is fundamental for biodiversity conservation (Altig et al. 2007,
Montaña et al. 2019), as well as for individual species conservation itself (Gelwick & Matthews 2006, Chipps &

Garvey 2007). Tadpoles have been shown to have diversified diets and choose their food items under the influence of used microhabitats, seasonality, and developmental
stage (Kloh et al. 2018, 2019). Contrary to previous preconceptions, they can also actively feed on preferential,
more nutritive items, even when it requires foraging at microhabitats not normally occupied by them (Kloh et al.
2021).
Tadpole ecomorphotypes have been defined based on
morphological features (e.g., oral disc position and direction, body shape) that favor feeding on specific microhabitats (e.g., bottom vs. water column; Altig & Johnston
1989). Tadpoles with different morphologies are thus expected to have different diets (Candioti 2007), that they
acquire in different microhabitats (Kloh et al. 2019). However, we recently demonstrated that this rule has exceptions, as the benthic tadpoles of Scinax machadoi (Bokermann & Sazima, 1973) actively swim to the water surface
to consume large amounts of pollen (Kloh et al. 2021). Pollen has been shown to be an important source of proteins
and lipids for pollinators (Huang 2012, Ruedenauer et al.
2019) and could therefore be a nutritive food for other ani-
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mals as well (Roulston & Cane 2000), what would justify
the behavior of S. machadoi tadpoles according to the optimal foraging theory (MacArthur & Pianka 1966, Kloh
et al. 2021). This shows that the behavior of tadpoles can be
complex and ultimately influence energy transfer outcomes
both within aquatic food webs and between aquatic and
terrestrial species. Changes in diet composition could occur depending on the ontogenetic stage (Kloh et al. 2019)
and the acquired nutrients are likely to influence growth
and metamorphosis (Bowen et al. 1995, Kupferberg 1997).
Considering the complexity of factors influencing tadpole diets, much of which remains to be studied, we chose
to investigate the composition of the diet of a species with
very specialized morphology and its variation among different developmental stages throughout the tadpole phase.
We expected that tadpole morphology would influence
diet composition and that diet composition would change
with developmental stage, reflecting possible varying nutrient needs along tadpole growth/development. We have
previously shown that tadpoles with more generalized ecomorphotypes can diversify their diets through behavioral
plasticity (Kloh et al. 2021). Here we also intended to test
whether this rule would apply to species with more specialized ecomorphotypes such as the neustonic Phasma
hyla jandaia tadpole.

tones of yellow and grey and usually aggregate in groups
of 10 to 15 individuals (Leite et al. 2008, Costa & Carvalho-e-Silva 2008) (Fig. 1). These groups are mixed, including individuals from different clutches, what is evidenced
by their diversified developmental stages (J. S. Kloh, pers.
obs.).
We collected a total of 60 tadpoles of P. jandaia from
mixed groups, 20 at each of three developmental stages
(stages 25, 30 and 40 sensu Gosner 1960). Tadpoles were
identified based on the original description (Bokermann
& Sazima 1978) and this is the only species of Phasmahyla
at the study site, preventing misidentifications. All samplings were conducted by two persons in three occasions:
14 October and 11 December 2018, 24 March 2019. We captured tadpoles with dipnets throughout an extension of
150 m along the stream, with tadpoles at different stages being collected from the same groups in order to randomize
the effect of specific groups and locations throughout these
150 m stream section. We also collected tadpoles from the
three different stages at each sampling occasion, to standardize any possible temporal effect in diet composition
(Table 1). Tadpoles were immediately euthanized with 10%
xylocaine and preserved in 10% formalin to retain all gut
contents (see Kloh et al. 2019). All tadpoles were meas-

Materials and methods
Study system and sampling
We collected tadpoles of Phasmahyla jandaia in a permanent stream (19°15’24.25” S, 43°32’49.64” W – 1374 m a.s.l.)
bordered by riparian forest and close to a two-lane paved
road (MG-010) with constant flow of trucks, buses, and
cars. The region has a marked rainy season from October
to March and a dry season from April to September. Mean
monthly rainfall varies between 1460 and 2490 mm, mean
temperatures range from 13 to 29°C (Viveros 2010).
The genus Phasmahyla contains only eight species,
P. cochranae (Bokermann, 1966), P. cruzi Carvalho-eSilva, Silva & Carvalho-e-Silva, 2009, P. exilis (Cruz,
1980), P. guttata (A. Lutz, 1924), P. jandaia (Bokermann
& Sazima, 1978), P. lisbella Pereira, Rocha, Folly, Silva
& Santana, 2018, P. spectabilis Cruz, Feio & Nascimento,
2008, and P. timbo Cruz, Napoli & Fonseca, 2008, all of
them typical from Atlantic Forest formations or remnants
(Leite et al. 2008, Eterovick et al. 2020). The tadpoles of
all species have a neustonic ecomorphotype (sensu Altig
& Johnston 1989). Their umbelliform oral disc is projected towards the water surface, from where they seem to filter food particles (Leite et al. 2008, Costa & Carvalhoe-Silva 2008).
At the Serra do Cipó, adult males of P. jandaia call at the
onset of the rainy season (October–December) from the
vegetation (Eterovick et al. 2020). The eggs are laid on
leaves hanging over the water, so that tadpoles fall directly
into the stream when they hatch (Eterovick et al. 2020,
Costa & Carvalho-e-Silva 2008). The tadpoles show
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Figure 1. Adult male (A), natural habitat (B) and tadpoles (C) of
Phasmahyla jandaia at the Serra do Cipó, Southeastern Brazil.
Habitat and tadpole pictures (B and C) by Ítalo M. Martins
and Bárbara Zaidan, respectively.

Food selectivity in a neustonic tadpole
Table 1. Mean (and standard deviation) of Phasmahyla jandaia tadpole measurements according to studied developmental stages.
TL = total length; BL = body length; BH = body height; TL = tail length; TH = tail height; ODW = oral disc width; ODH = oral disc
height; GL = gut length. Measurements follow Duellman (1970). Sampling dates (1, 2, 3) correspond to 14 October and 11 December
2018, 24 March 2019, respectively.
Stage
25
30
40

TL

BL

BH

TL

TH

ODW

ODH

GL

25.25
(0.82)
31.86
(1.94)
47.28
(1.21)

9.55
(0.34)
12.87
(0.36)
15.92
(0.23)

3.23
(0.32)
5.7
(0.37)
6.72
(0.27)

17.05
(0.39)
22.15
(0.46)
24.94
(0.47)

4.78
(0.53)
8.49
(0.28)
9.92
(0.27)

3.38
(0.28)
4.98
(0.33)
6.93
(0.21)

1.53
(0.22)
3.11
(0.17)
4.13
(0.13)

114.55
(4.22)
126.8
(5.08)
148.5
(6.21)

ured and had their developmental stages confirmed under a stereomicroscope in laboratory (Table 1). After that
we removed tadpole guts and separated the first ⅓ of their
length that corresponds to the manicoto and initial gut section (sensu Pryor & Bjorndal 2005), as food items in this
portion of the gut are still little digested and can be better
identified (Kloh et al. 2018). We diluted the contents of
this gut portion in 1 ml distilled water and quantified included food items in a Sedgewick rafter counting chamber
under an optic microscope (Olympus cx40) under 400 ×
magnification (as in Kloh et al. 2019).
In order to estimate food availability for tadpoles, we
collected three water samples equally distributed (every
50 m) along the 150 m sampled stream section at each of
the three sampling occasions. We moved a 300 ml flask
with a 4.8 cm opening perpendicularly from the stream
surface to the bottom and back, touching the sediment (see
Fig. 2), in order to include food items available throughout the water column, as well as on the stream bottom. We
moved the water to another container and added 50 ml of
10% formalin to preserve food items for posterior identification under a microscope. In the laboratory, we stirred the

Figure 2. Water sampling procedure for estimation of food availability for tadpoles. The flask had 300 ml capacity and an opening
width of 4.8 cm.

Sample size
1 2 3
7

9

4

6

6

8

6

7

7

container to homogenize the solution and used 1 ml of it in
a Sedgewick rafter counting chamber for quantification of
available potential food items as we did for gut contents.
Statistical analyses
We tested whether developmental stages 25, 30, and 40 had
different diets using a discriminant analyses with the packages MASS (Venables & Ripley 2002), tidyverse (Wickham et al. 2019), and caret (Kuhn 2020) for R (R Core
Team 2016). We also calculated niche overlap between pairs
of developmental stages and compared mean niche overlap to randomly expected values based on availability of the
food items in the environment using EcoSim 7.0 (Gotelli
& Entsminger 2001). We conducted 1000 simulations of
random niche overlap values with the algorithm RA3 (zero
values reshuffled and niche breadth retained, Pianka 1973).
We calculated, for each developmental stage, electivity indexes for each consumed food item based on Jacobs (1974).
Results
Tadpoles of Phasmahyla jandaia grew along the developmental stages considered, what was followed by a concomitant increase in gut length (Table 1). They hatch in stage 25,
in stage 30 their posterior members are being formed and
in stage 40 they are completely formed and the anterior
members are about to come out.
The diets of tadpoles in all developmental stages considered were in accordance with the neustonic ecomorphotype, as tadpoles did not include periphytic algae in their diets, although these autotrophs were largely available in the
environment (Fig. 3). In water samples we identified cyano
bacteria, three classes of algae (belonging to three Phyla), a
heterotrophic protist (testate amoeba), pteridophyte spores
and pollen. We classified these items as filamentous and
unicellular Bacillariophyceae, filamentous and unicellular
Zygnematophyceae, Euglenophyceae, Cyanophyceae, testate
amoeba, spores from Pteridophyta, and pollen. Items ingested by tadpoles included only Euglenophyceae, testate
amoeba, spores from Pteridophyta, and pollen.
515

Jéssica Stephanie Kloh et al.
Table 2. Discriminant analyses results for the composition of
the diet of Phasmahyla jandaia tadpoles in stages 25, 30, and
40 (sensu Gosner, 1960). Pt = Proportion of trace; Pp = Prior
probabilities.
Consumed food items

Pollen

Spores

Group means
Stage 25 (Pp = 33.3%)
Stage 30 (Pp = 33.3%)
Stage 40 (Pp = 33.3%)

48
32
123

4
4
4

Testate Euglena
amoeba
15
26
47

7
12
20

Discussion
The majority of the diet of Phasmahyla jandaia tadpoles
was composed of pollen. Although the anatomy of the oral
disc of these tadpoles favors pollen consumption at the water surface and its availability in the sampled stream was
great, tadpoles in all developmental stages still showed a
positive, high electivity for this food item, meaning a remarkable preference for it. Several groups of vertebrates
have pollen as an important component of their diets as

Coefficients of linear discriminants
LD1 (Pt = 0.9524)
-0.0157 -0.0213 -0.0038 -0.0200
LD2 (Pt = 0.0476)
0.0075 -0.0125 -0.0084 -0.0467

The different developmental stages of Phasmahyla jan
daia tadpoles showed subtle variations in their diets, which
were not enough to classify tadpoles correctly to developmental stage based on what they ate (chances of correct
classification were only 33% for any stage; Table 2, Fig. 4).
Indeed, niche overlaps between developmental stages were
higher than expected by chance (p = 0.008; Table 3). However, tadpoles still varied in their preferences for different
food items (Fig. 5), with stage 30 showing higher preference for Euglenophyceae and testate amoeba compared to
the other stages, as well as a less pronounced preference for
pollen. Pteridophyte spores were rejected by tadpoles in all
stages (mainly stage 40). Pollen was always the preferred
item, although for stage 30 its preference was comparable
to Euglenophyceae and testate amoeba.

Figure 3. Food item availability and consumption by Phasmahyla
jandaia tadpoles in developmental stages 25, 30 and 40 (sensu
Gosner, 1960), in a stream at the Serra do Cipó, Southeastern
Brazil.
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Figure 4. Representation of (A) the two first axes of the discriminant analyses to compare diet composition of three developmental stages of Phasmahyla jandaia tadpoles (25, 30 and 40; sensu
Gosner, 1960) and (B) the linear distribution of groups in the
first axis, that explained 95.24% of the variation.

Food selectivity in a neustonic tadpole
Table 3. Niche overlap results for the composition of the diet
of Phasmahyla jandaia tadpoles in stages 25, 30, and 40 (sensu
Gosner, 1960). Expected value based on 1000 simulations (RA3
algorithm): 0.754.
Niche overlap
Stage 25
Stage 30
Stage 40

Stage 25

Stage 30

Stage 40

1

0.899
1

0.993
0.928
1

it provides lipids, proteins, vitamins, and mineral salts,
among other essential elements for their development
(Roulston & Cane 2000, Frias et al. 2016).
The highest absolute food intake in Gosner stage 40 may
be related to a higher energy demand for tadpoles in that
stage. It is probably important to maximize nutrient intake
in stage 40, as this is the last stage in which tadpoles can
be considered as maintaining a normal tadpole diet, followed by atrophy of mouthparts from stage 41 on (Altig
& Johnston 1989). Besides, an increased oral disc (see Table 1) and gained experience may turn stage 40 tadpoles
more efficient in pollen acquisition than smaller stage 30
and 25 tadpoles. Tadpoles in stage 25 can probably supply
their nutritional needs with smaller pollen quantities due
to their smaller size. On the other hand, stage 30 tadpoles
may need a greater amount of pollen than stage 25 tadpoles, but they may not be efficient enough to acquire it
before pollen availability decreases. As pollen becomes less
profitable to harvest, stage 30 tadpoles may switch to other
food items and complement their diets with proportionally

Figure 5. Electivity indexes of the food items consumed by
Phasmahyla jandaia tadpoles in developmental stages 25, 30 and
40 (sensu Gosner, 1960), in a stream at the Serra do Cipó, Southeastern Brazil.

larger amounts of Euglenophyta and testate amoeba, which
could be easier to acquire as the amount of pollen available
for consumption is gradually reduced at the vicinities of
the tadpole group.
It is interesting to notice that the gut of P. jandaia tadpoles (107–163 cm total length through stages 25–40) is
shorter than those of benthic hylid tadpoles of similar
size [Bokermannohyla saxicola (Bokermann, 1964): 230–
290 cm in stages 25–30, Scinax machadoi: 180–250 cm in
stages 25–30; J. S. Kloh, pers. obs.]. This could be related
to a great consumption of pollen, whose high nutritional
value (roulston & Cane 2000) may supply tadpole needs
with lower consumed amounts. Although pollen is considered to be difficult to digest (roulston & Cane 2000), a
shorter gut could reduce tadpole weight and minimize the
energy needed to keep their bodies close to the surface,
where they can easily eat pollen, in accordance with the
optimal foraging theory (MacArthur & Pianka, 1966).
Euglenophyceae also constituted an important component of the diet of P. jandaia tadpoles. As flagellates, they
remain for more time close to the water surface (Chindia
& Figueredo 2018), where they can be easily captured by
the tadpoles of P. jandaia. These tadpoles move the water
with their tail tips (Leite et al. 2008) and the water flow
promoted by groups of tadpoles may facilitate acquisition of suspended food items. Testate amoeba are amoeboid protists with a test that partially encloses the cell. They
usually occupy the water surface and are indicators of low
habitat quality (Sousa 2008). Their presence in the studied
stream may be related to the occasional presence of cattle in its vicinities, as well as the increasing traffic at the
road, sewage irregular disposal, and other human activities
that lead to water pollution and eutrophication at the Serra
do Cipó, although still with low intensity. The presence of
testate amoeba as a preferential item in the diet of P. jan
daia tadpoles in all developmental stages may relate to the
high iron and manganese contents in their tests (Sousa
2008), as these elements play important roles as nutrients
for vertebrate immunity and metabolism (Pinto-Coelho,
2009). Pteridophyte spores, on the other hand, were not
preferential items, although they may be easily available at
the surface. Their nutritional value for tadpoles remains
unknown.
We reported here that the diet of neustonic P. jandaia
tadpoles is largely influenced by their ecomorphotype.
They occupy the water surface and have a dorsal mouth
with no denticles (Costa & Carvalho-e-Silva 2008), resulting in the absence of periphyton in their diets. However, it does not mean that they do not select their food
items, as even with a relatively specialized morphology,
they showed differential selectivity for the potential food
items available to them.
Acknowledgements
We are grateful to Ítalo Moreira Martins and Bárbara Zaidan for
kindly letting us use the habitat and tadpole pictures (Figs 1B and

517

Jéssica Stephanie Kloh et al.
C, respectively), to the Fundação de Amparo à Pesquisa do Estado de Minas Gerais (Fapemig) for financial support; and to
Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) for a Research Productivity grant (309513/2020-0) provided to P. C. Eterovick. Collection permit was provided by Sisbio/ICMBio (64500).
References
Alford, R. A. (1999): Ecology: resource use, competition, and
predation. – pp. 240–278 in: McDiarmid, R. W. & R. Altig
(eds): Tadpoles. The Biology of Anuran Larvae. – The University of Chicago Press, Chicago.
Altig, R. & G. F. Johnston (1989): Guilds of anuran larvae: relationships among developmental modes, morphologies, and
habitats. – Herpetological Monographs, 3: 81–109.
Altig, R., M. R. Whiles & C. L. Taylor (2007): What do tadpoles really eat? Assessing the trophic status of an understudied and imperiled group of consumers in freshwater habitats.
– Freshwater Biology, 52: 386–395.
Bokermann, W. C. A. (1964): Dos nuevas especies de Hyla de
Minas Gerais y notas sobre Hyla alvarengai Bok. (Amphibia,
Salientia, Hylidae). – Neotropica. La Plata, 10: 67–76.
Bokermann, W. C. A. (1966): A new Phyllomedusa from south
eastern Brasil. – Herpetologica, 22: 293–297.
Bokermann, W. C. A. & I. Sazima (1973): Anfíbios da Serra do
Cipó, Minas Gerais, Brasil. 1: Duas espécies novas de “Hyla”
(Anura, Hylidae). – Revista Brasileira de Biologia, 33: 521–
528.
Bokermann, W. C. A. & I. Sazima (1978): Anfíbios da Serra do
Cipó, Minas Gerais, Brasil. 4: Descrição de Phyllomedusa jan
daia sp. n. (Anura, Hylidae). – Revista Brasileira de Biologia,
38: 927–930.
Bowen, S. H., E. V. Lutz & M. O. Ahlgren (1995): Dietary protein and energy as determinants of food quality: trophic strategies compared. – Ecology, 76: 899–907.
Candioti, M. F. V. (2007): Anatomy of anuran tadpoles from
lentic water bodies: systematic relevance and correlation with
feeding habits. – Zootaxa, 1600: 1–175.
Carvalho-E-Silva, A. M. P. T., G. R. Silva & S. P. Carvalho-ESilva (2009): A new species of Phasmahyla Cruz, 1990 from
the Atlantic Forest in the state of Rio de Janeiro, Brazil (Amphibia, Hylidae, Phyllomedusinae). – Zootaxa, 2120: 15–26.
Chindia, J. A. & C. C. Figueredo (2018): Phytoplankton settling
depends on cell morphological traits, but what is the best predictor? – Hydrobiologia, 813: 51–61.
Chipps, S. R. & J. E. Garvey (2007): Assessment of food habits and feeding patterns. – pp. 473–514 in: Guy, C. S., & M. L.
Brown (eds): Analysis and interpretation of freshwater fisheries data. – American Fisheries Society, Bethesda.
Costa, P. N. & A. M. T. Carvalho-E-Silva (2008): Ontogenia
e aspectos comportamentais da larva de Phasmahyla guttata
(Lutz, 1924) (Amphibia, Anura, Hylidae). – Biota Neotropica,
8: 219–224.
Cruz, C. A. G. (1980): Descrição de uma nova espécie de Phyllomedusinae do Estado do Espírito Santo, Brasil. Rev. Bras. Biol.
– Brazilian Journal of Biology, 40: 683–687.
Cruz. C. A. G., R. N. Feio & L. B. Nascimento (2008): A new
species of Phasmahyla Cruz, 1990 (Anura: Hylidae) from the

518

Atlantic Rain Forest of the states of Minas Gerais and Bahia,
Brazil. – Amphibia-Reptilia, 29: 311–318.
Cruz, C. A. G., M. F. Napoli & P. M. Fonseca (2008): A new
species of Phasmahyla Cruz, 1990 (Anura: Hylidae) from the
state of Bahia, Brazil. – South American Journal of Herpetology, 3: 187–195.
Dutra, S. L. & M. Callisto (2005): Macroinvertebrates as tad
pole food: importance and body size relationships. – Revista
Brasileira de Zoologia, 22: 923–927.
Eterovick, P. C., M. A. Sousa & I. Sazima (2020): Anuran Amphibians from Serra do Cipó, Minas Gerais, Brazil. – Gráfion,
Belo Horizonte, Brazil.
Frias, B. E., C. D. Barbosa & A. P. Lourenço (2016): Pollen nutrition in honey bees (Apis mellifera): impact on adult health.
– Apidologie, 47: 15–25.
Gelwick, F. P. & W. J. Matthews (2006): Trophic relations of
stream fishes. – pp. 475– 492 in: Hauer, F. R. & G. A. Lamberti (eds): Methods in stream ecology. – New York Academic
Press, New York.
Gosner, K. L. (1960): A simplified table for staging anuran embryos and larvae with notes on identification. – Herpetologica,
16: 183–190.
Gotelli, N. J. & G. L. Entsminger (2001): EcoSim: null models software for ecology. Version 7.0. – Acquired Intelligence,
Inc. and Kesey Bear, Jericho, VT [downloaded 2012 July 10].
Available from: http://www.uvm.edu/~ngotelli/EcoSim/EcoSim.html
Huang, Z. (2012): Pollen nutrition affects honey bee stress resistance. – Terrestrial Arthropod Reviews, 5: 175–189.
Jacobs, J. (1974): Quantitative measurement of food selection, a
modification of the forage ratio and Ivlev’s electivity Index.
– Oecologia, 14: 413–417.
Kloh, J. S., C. C. Figueredo & P. C. Eterovick (2018): You are
what, where, and when you eat: seasonal and ontogenetic
changes in a tropical tadpole’s diet. – Amphibia-Reptilia, 39:
445–456.
Kloh, J. S., C. C. Figueredo & P. C. Eterovick (2019): How
close is microhabitat and diet association in aquatic ecomorphotypes? A test with tadpoles of syntopic species. – Hydrobiologia, 828: 271–285.
Kloh, J. S., C. C. Figueredo & P. C. Eterovick (2021): Tadpole
dance: the gymnastics of Ololygon machadoi larvae to feed on
pollen. Salamandra, 57: 89–95.
Kuhn, M. (2020): caret: Classification and Regression Training. –
R package version 6.0-86.
https://CRAN.R-project.org/package=caret
Kupferberg, S. J. (1997): The role of larval diet in anuran metamorphosis. – American Zoologist, 37: 146–159.
Leite, F. S. F., B. G. Pacheco & P. C. Eterovick (2008): Development and demography of Phasmahyla jandaia (Bokermann
and Sazima, 1978) (Anura, Hylidae) tadpoles in an Atlantic
Forest site, southeastern Brazil. – Journal of Natural History,
42: 43–44.
Lutz, A. (1924): Sur les Rainettes des environs de Rio de Janeiro.
– Comptes Rendus des Seances de la Societe de Biologie et de
Ses Filiales (Paris), 90: 241.
MacArthur, R. H. & E. R. Pianka (1966): On optimal use of
a patchy environment. – American Naturalist, 100: 603–609.

Food selectivity in a neustonic tadpole
Montaña, C. G., S. D. G. T. M. Silva, D. Hagyari, J. Wager, L.
Tiegs, C. Sadeghian, T. A. Schriever & C. M. Schalket
(2019): Revisiting “what do tadpoles really eat?” A 10‐year perspective. – Freshwater Biology, 64: 2269–2282.
Pereira, E. A., L. C. L. Rocha, H. Folly, H. R. Da Silva & D.
J. Santana (2018): A new species of spotted leaf frog, genus
Phasmahyla (Amphibia, Phyllomedusidae) from Southeast
Brazil. – PeerJ 6:e4900; DOI 10.7717/peerj.4900
Pianka, E. R. (1973): The structure of lizard communities. – Annual Review of Ecology and Systematics, 4: 53–74.
Pinto-Coelho, R. M. (2009): Fundamentos de Ecologia. – Editora Artmed, Belo Horizonte, Brazil.
Pryor, G. S. & K. A. Bjorndal (2005): Symbiotic fermentation,
digesta passage, and gastrointestinal morphology in bullfrog
tadpoles (Rana catesbeiana). – Physiological and Biochemical
Zoology, 78: 201–215.
R Core Team (2016): R: a Language and Environment for Statistical Computing. The R Foundation for Statistical Computing, Vienna, Austria. Version 3.2.4. – Available from: https://
cran.r-project.org/.
Roulston, T. H. & J. H. Cane (2000): Pollen nutritional content
and digestibility for animals. – Plants Systematics and Evolution, 222: 187–209.
Ruedenauer, F. A., J. Spaethe, C. J. van der Kooi, S. D. Leonhardt (2019): Pollinator or pedigree: which factors determine
the evolution of pollen nutrients? – Oecologia, 191: 349–358.
Schiesari, L., E. E. Werner & G. W. Kling (2009): Carnivory
and resource-based niche differentiation in anuran larvae: implications for food web and experimental ecology. – Freshwater Biology, 54: 572–586.
Sousa, M. B. G. (2008): Guia das Tecamebas – Bacia do Rio Peruaçu – Minas Gerais: Subsídio Para Conservação e Monitoramento da Bacia do Rio São Francisco. – Editora UFMG, Belo
Horizonte, Brazil.
Venables, W. N. & B. D. Ripley (2002) Modern Applied Statistics with S. Fourth Edition. – Springer, New York.
Viveros, R. S. 2010. Pteridófitas da Serra do Caraça, Minas Gerais, Brasil. – Master Thesis, Universidade Federal de Minas
Gerais, Belo Horizonte, Brazil.
Wells, K. D. (2007): The ecology and behavior of amphibians.
– The University of Chicago Press, Chicago, U.S.A.
Wickham, M. A., J. Bryan, W. Chang, L. D’A. McGowan, R.
François, G. Grolemund, A. Hayes, L. Henry, J. Hester,
M. Kuhn, T. L. Pedersen, E. Miller, S. M. Bache, K. Müller, J. Ooms, D. Robinson, D. P. Seide, V. Spinu, K. Takahashi, D. Vaughan, C. Wilke, K. Woo & H. Yutani (2019).
Welcome to the tidyverse. – Journal of Open Source Software,
4(43), 1686, https://doi.org/10.21105/joss.01686.

519

