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ABSTRACT

Diet is one of the most important dimensions of the ecological niche. Pseudopaludicola genus
comprises 25 species of which four have their diet studied. In this study, we quantify the diet of
the recently described Pseudopaludicola restinga, which is found in sandy coastal environments of
southeastern Brazil. We obtained a sample of 137 individuals from Parque Nacional da Restinga
de Jurubatiba from which 97 were used in analyses of diet composition. We registered 136 prey
items distributed in 10 prey categories. Only arthropods were consumed. Insects were the most
common food items. Hymenoptera was the most important item in terms of prey frequency,
number, and index of relative importance. The variety of prey categories suggests that P. restinga
is an opportunistic predator. In comparison with dietary information available for other four
Pseudopaludicola species, P. restinga has intermediate values of the number of prey items, niche
breadth, and importance index. This study is the first to document aspects of the natural history
of P. restinga and to compare it with data available for congeners. Data brought here provide
a better understanding of life history aspects of P. restinga. These information hence could guide
development of effective conservation strategies for this poorly known species.
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Introduction Rocha 1998) and are, in turn, preyed upon by snakes
and spiders (Corréa et al. 2016; Kacevas et al. 2019).
Pseudopaludicola restinga Cardozo et al. 2018 was
recently described and, as the specific epithet denotes,
it was discovered in a sandy coastal environment
(called restinga habitat) in southeastern Brazil. This
species is known from the northern part of the state
of Rio de Janeiro (municipality of Carapebus) to the
southern part of the state of Espirito Santo (type local-
ity, municipality of Serra), on a coastal range of
approximately 275 km. Pseudopaludicola restinga is

Amphibians represent an important portion of the
biodiverse Brazilian fauna (Jetz & Pyron 2018; Segalla
et al. 2019). In many ecosystems, they are important
organisms within the trophic webs of aquatic and ter-
restrial environments (Huckembeck et al. 2014). Their
diets consist mostly of invertebrates, with only occa-
sional consumption of vertebrates (Toft 1980, 1981;
Toledo et al. 2007; Carmo & Woitovicz-Cardoso
2018). Even with some species exhibiting frugivorous
habits, these consumption activities are unusual for

amphibians (Silva et al. 1989; Das 1996).

The genus Pseudopaludicola currently comprises 25
nominal species of small-sized Neotropical frogs
(Andrade et al. 2020; Frost 2020), which are widely
distributed in open environments from southern
Mexico to Argentina (Lavilla et al. 2016). Data con-
cerning the ecological aspects of this genus still are
scarce (Duré et al. 2004; Pereira & Nascimento 2004;
Silva et al. 2018). However, it is known that species of
this genus prey on small invertebrates (Van Sluys &

endemic to the restingas, where these frogs inhabit
temporary and permanent ponds (Cardozo et al.
2018; Carmo et al. 2019). Restingas are coastal ecosys-
tems endemic to the Atlantic Forest biome
(Assumpgdo & Nascimento 2000; Scarano 2002).
Although the ecologies of Atlantic Forest frogs have
been extensively studied (e.g. Sabagh et al. 2012;
Reboucas & Solé 2015; Oliveira et al. 2019), there are
few studies about anuran feeding habits in sandy
coastal (Oliveira & Rocha 2015).
Studies on the anuran natural history in sandy coastal

environments
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environments are needed to fill gaps in our knowledge
about the ecological aspects of these species. Herein, we
present data about the trophic ecology of P. restinga
from a protected sandy coastal area in southeastern
Brazil and make comparisons to trophic information
available for other  Pseudopaludicola  species.
Additionally, we propose a trophic niche breadth
based on the Index of Relative Importance.
Specifically, our study addressed the questions: (i)
There is sexual dimorphism in body size in
P. restinga? (ii) What is the dietary composition of
P. restinga? (iii) Do differences in diet composition
exist between the sexes and seasons? (iv) What are
the main prey types consumed by P. restinga? (v) Do
differences in diet parameters exist among
Pseudopaludicola species? (vi) How can the trophic
ecology of the genus Pseudopaludicola be characterized
based on our results and the information from pre-
viously studied congeneric species?

Materials and methods
Study area and field work

This study was carried out in Parque Nacional da
Restinga de Jurubatiba (PNR]), a sandy coastal envir-
onment in the municipality of Carapebus (22.2708°S,
41.6469°W), state of Rio de Janeiro, southeastern Brazil
(Figure 1). The site comprises a total area of 14,992 hec-
tares and is one of the largest remnants of preserved
sandy coastal plains (restingas) in Brazil (Rocha et al.
2007). The restinga ecosystem is characterized by high
salinity, low water potential, high exposure to sunlight,
and sandy substrate (Assump¢io & Nascimento 2000;
Scarano 2002). Annual mean temperature ranges from
21.4°C to 24.7°C, with an average annual precipitation
of 1,000 mm (ICMBio 2007). Meteorological data
obtained from a meteorological station located in the
municipality of Macaé indicate that rainfall is concen-
trated in the period from October to March (INMET
2020). June-September is defined as the dry season
while November-April is considered the rainy season
(INMET 2020).

We conducted fieldwork once every 3 months from
August 2013 to March 2018. Individuals of
Pseudopaludicola restinga were collected using pitfall
traps and by hand during the night. However, we
only used hand-collected frogs for dietary analyses
since the opportunistic feeding of individuals captured
by pitfall traps could bias the results. We measured the
body mass of each live frog with a precision balance
(0.01 g precision). Frogs were euthanatized with lido-
caine chlorohydrate 2% and fixed in 10% formalin.

Laboratory procedures and data analysis

We measured the snout-vent length (SVL) and jaw
width (JW) with digital calipers (0.1 mm precision) of
each individual of P. restinga, for all specimens col-
lected. Then, we dissected each individual in order to
remove and sort out its ingested prey items. This was
done to some of the specimens collected. We identified
each intact or partially digested item with a stereoscope
microscope. The prey items were dried before their
length and width dimensions were measured to the
nearest millimeter. To quantify the diet of the
P. restinga, we used the following parameters for each
prey category evaluated: abundance (N); frequency (F);
volume (V); and index of relative importance (IRI). All
of these parameters were converted into percentages
(e.g. N%). The volume of each prey item was then
calculated using an ellipsoid formula (Griffiths &
Mylotte 1987). To infer the importance of each prey
category in the diet of P. restinga, we calculated the
relative importance index (see Pinkas et al. 1971). We
calculated the trophic niche breadth (B) (Levins 1968)
and trophic niche breadth standardized (By) (see
Hurlbert 1978; Krebs 1999) for prey abundance and
volume with Programs for Ecological Methodology
(Krebs 2016). The number of prey categories, trophic
niche breadth, and IRI% for other Pseudopaludicola
species were obtained from the available literature.
The number of prey categories for these other species
was rearranged to be comparable to our results. The
trophic niche breadth and the IRI% for other
Pseudopaludicola species were recalculated, when pos-
sible, based on data from the literature. Even so, we
calculated the By (V) according to the prey volume data
available in the literature, so these values should be
used considering this limitation. Additionally, we cal-
culated the trophic niche breadth to be standardized
using the IRI values (Bi(IRI)) to obtain a niche breadth
value that takes into account the number, volume, and
frequency of prey categories.

In order to remove possible inaccuracies, we did
not consider prey items in advanced stages of diges-
tion and unidentifiable prey. All frog specimens
were deposited in the Amphibian Collection of the
Museu Nacional, Universidade Federal do Rio de
Janeiro (MNR]). The food items were preserved in
70% ethanol and each one was deposited in the
same collection, under the same record number as
its source.

Sex size differences were tested using the T-test or
a Mann-Whitney test when data did not meet the
parametric assumptions. Ontogenetic changes in diet
were tested using a linear regression with JW as one
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Figure 1. Location of Parque Nacional da Restinga de Jurubatiba, in the state of Rio de Janeiro, southeastern Brazil.

independent variable and the bigger volume, and
the bigger length item in the stomach. For all
hypothesis tests, we used a significance level of
a = 0.05. To compare the diet composition between
sexes and seasons, we used a non-metric multidi-
mensional scaling (NMDS) with Bray-Curtis dis-

tance. These analyses were performed using
R version 3.6.3 (R Development Core Team 2019)
with package vegan (Oksanen et al. 2019) and
ggplot2 (Wickham et al. 2016). We used rarefaction
and extrapolation based on Hill’s numbers (i.e. the
effective number of species — see Hill 1973), which
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Table 1. Descriptive statistics of Pseudopaludicola restinga bio-
metry from a sandy coastal environment in southeastern Brazil.
The data are in mean+SD (min-max). SVL = snout-vent length;

JW = jaw width.

Male (n = 66) Female (n = 55) Statistics
SVL (mm) 13.15 +£ 1.07 1445 + 1.29 p < 0.0001
(9.30-14.65) (12.00-17.18) W = 2760

JW (mm) 423 +0.38 451 + 0.40 p < 0.001
(3.30-5.00) (3.60-5.40) T=39143

Mass (g) 0.24 + 0.07 0.34 + 0.13 p < 0.001
(0.12-0.36) (0.14-0.66) T = 3.8882

represented 3.65% of the prey items. Of the Insecta,
ants (Hymenoptera: Formicidae) were the most impor-
tant prey regarding prey frequency, number, and IRI
(IR1% = 43.90), followed by Hemiptera (IRI% = 17.38),
adult Coleoptera (IRI% = 13.85), and Diptera (IRI
% = 13.56) (Table 2). Of the Arachnida, Araneae was
the most contribution in diet composition. Although
insect remnants represented a significant portion of the
prey items, these were not considered in the relative

Table 2. Diet composition of 54 specimens of Pseudopaludicola restinga from a sandy coastal environment in southeastern Brazil.
N = abundance; V = volume; F = occurrence frequency; IRl = relative importance index.

Prey item N N% v V% F F% IRI IRI%
Insecta
Blattodea 4 3.70 96.43 20.29 1 1.85 44.43 1.1
Coleoptera (Adult) 15 13.89 75.98 15.98 10 18.52 553.13 13.85
Coleoptera (Larvae) 4 3.70 13.64 2.87 4 741 48.69 1.22
Hemiptera 21 19.44 34.81 7.32 14 25.93 693.89 17.38
Hymenoptera (Formicidae) 28 25.93 176.80 37.19 15 27.78 1753.22 43,90
Diptera 17 15.74 40.97 8.62 12 22.22 541.35 13.56
Orthoptera 2 1.85 5.67 1.19 2 3.70 11.27 0.28
Collembola 12 11.11 20.06 422 1 20.37 312.30 7.82
Insect remnant 29 - - - 20 - -
Arachnida
Araneae 4 3.70 10.98 231 3 5.56 3341 0.84
Acarina 1 0.93 0.28 0.01 1 1.85 1.73 0.04
Total 137 100 475.38 100 3993.43 100

was proposed by Chao et al. (2014), and assessed
the expected richness of prey items to evaluate
sample completeness. These analyses were per-
formed in online INEXT software (Chao et al.
2016).

Results

We collected a total of 137 individuals of
Pseudopaludicola restinga. These amounted to 66 males,
55 females, and 16 juveniles. Females were bigger than
males in all morphometric aspects: 9.0% bigger for SVL
(W = 2760; p < 0.0001), 62% for JW (T = 3.9143;
p < 0.001), and 29.4% for mass (T = 3.8882; p < 0.001).
All biometric values are in Table 1.

For the diet study, we euthanized 97 individuals of
P. restinga (52 females and 45 males) of which 54
(55.7%) individuals had food items in their digestive
tracts. From empty stomachs, 57.4% were collected
during the rainy seasons and 42.6% in dry seasons.
A total of 137 prey items were found in the dissected
stomachs of P. restinga and categorized into 10 prey
categories (all identifiable as arthropods) plus
a category identifiable as Insect remnants (Table 2).
The number of prey items per stomach varied from 1
to 6 items (mean = 1.5; SD = 1.1). Among the items,
Insecta had the highest contribution to the diet, repre-
senting 96.35% of the consumed prey items. Arachnida

quantification due to the numeric imprecision and to
the advanced stage of fragmentation and decomposi-
tion. All prey items categorized as Blattodea were
representatives of the family Termitidae. Additionally,
we found some plant and mineral remains inside the
digestive tracts of the specimens, as well as some frag-
ments of anuran skin. The trophic niche breadth stan-
dardized considering the abundance of prey was By
(N) = 0.35, and for prey volume was By (V) = 0.39
and for By (IRI) = 0.31 (Table 3).

After a review of available literature, we found six
studies about the feeding habits for four of the 25
species of Pseudopaludicola currently described. Based
on evidence from these four Pseudopaludicola species
previously studied, and the information about
P. restinga, the diet of the genus included 20 prey
categories (Table 4). The diet of Pseudopaludicola spe-
cies is based primarily on Insecta, but Arachnida was
commonly included, though not so important in most
of the studied species (Table 4), except for one popula-
tion of P. falcipes from Argentina (Lopez et al. 2005).
Annelida and Mollusca Gastropoda were preyed,
respectively, only by P. falcipes and P. boliviana (both
populations from Brazil, according to Dias et al. 2018;
and Duré et al. 2004).

Visual analyses of NMDS for P. restinga (Figure 2)
showed an overlap among diet composition between
males and females and also between the dry and rainy



Table 3. Comparison of the number of prey categories and
trophic niche breadth of Pseudopaludicola species. B
(N) = trophic niche breadth standardized for the abundance
of prey; B(V) = trophic niche breadth standardized for the
volume of prey. By(IRl) = trophic niche breadth standardized
for the relative importance index of prey. * The paper that
describes P. falcipes diet in Brazil does not show the absolute
volume values in each prey category, which precludes the B,
(V) calculation.

N° prey Bs: B B
Species categories (N) (V) (RD References
P. boliviana 10 0.65 032 0.22 Duré et al. 2004
P. canga 6 040 0.57 0.22 Van Sluys & Rocha
1998
P. falcipes 9 0.19 0.50 0.27 Duré 2002
(ART)
P. falcipes BR 10 048 -* 035 Diasetal 2018
P. pocoto 12 0.24 0.10 0.06 Silva et al. 2018
P. restinga 10 035 039 0.31 This study
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expected for anuran species without territorial male
combat when male body size is not under selective
pressure (Wells 2007). Until now, we have no evidence
of territorial male combat in Pseudopaludicola species.
On the other hand, it is likely that females are under
the influence of directional selection to attain bigger
body sizes since the clutch size is limited by the
mother’s size; this can then result in females being
larger than males (Wells 2007). As for P. restinga, the
females are larger than males in P. boliviana (Duré
et al. 2004), P. saltica, P. mystacalis, P. facureae (as P.
aff. canga), P. ternetzi (Giaretta & Facure 2009), and
P. falcipes (Cei 1980). There is no sexual size dimorph-
ism in Pseudopaludicola pocoto (Silva et al. 2018),
which seems to be the exception in Pseudopaludicola.

Table 4. Importance Relative Index (sensu Pinkas et al. 1971) in percent of the 20 prey categories included in the diet of
Pseudopaludicola. * We considered Blattodea as Blattodea + Isoptera**We considered Hemiptera as Hemiptera + Homoptera.
***Some previous studies did not specify which Order of Insecta larvae were consumed. ‘?" and bold - For P. pocoto, there is not
information about Formicidae ingested, only for Hymenoptera as whole.

P. boliviana AR P boliviana BR P. canga P. falcipes AR1  P. falcipes BR P. pocoto P. restinga
Insecta
Blattodea* X 0.06 1.1
Coleoptera (Adult) 11.16 X 2.81 5.40 6.54 77.75 13.85
Coleoptera (Larvae) 3.86 1.22
Collembola 5.90 X 41.28 15.51 7.82
Diptera 53.82 X 27.69 5.69 21.70 3.87 13.56
Diptera (Larvae) 4.29 0.44
Ephemeroptera 0.10
Hemiptera** 16.78 X 62.59 10.94 0.23 10.68 17.38
Hymenoptera 1.13 X 0.62 36.21 ? 43.90
(Formicidae)
Hymenoptera 0.61 X 0.20 0.24 1.51
(except ants)
Lepidoptera (Larvae) 0.01
Orthoptera 0.56 X 1.58 0.02 0.28
Siphonaptera 0.03
Trichoptera 0.03
Insecta Larvae*** 0.65 X
Arachnida
Araneae 3.74 X 1.04 0.09 1.28 0.28 0.84
Acarina 5.66 X 35.75 18.22 1.41 0.04
Annelida 0.03
Mollusca
Gastropoda X
References Duré et al. 2004 Caldwell & Vitt 1999 Van Sluys & Rocha 1998  Duré 2002  Dias et al. 2018 Silva et al. 2018 This study

seasons. We found no ontogenetic changes in diet with
respect to both JJ and JW (p > 0.05). The rarefaction
and extrapolation analyses estimated a maximum of 13
prey categories (Figure 3(a)) and the sample complete-
ness curve reached 99.1% of efficiency (Figure 3(b)).

Discussion

According to our results, Pseudopaludicola restinga
shows sexual size dimorphism with the females being
larger than males. This sexual size dimorphism is

Our rarefaction analyses showed that this work is
representative of the P. restinga diet, covering almost
100% of the prey possibilities. The diet of P. restinga
includes a wide range of prey categories, similar to the
diets of P. boliviana (Duré et al. 2004) and P. falcipes
from Brazil (Dias et al. 2018). Despite the same number
of categories as P. boliviana, P. restinga has larger By
(IRI) than P. boliviana, which represents to be more
generalist food habits. The population of P. falcipes
from Brazil (Dias et al. 2018) is the only one with
a broader trophic niche (Bg(IRI) = 0.35) than seen in
P. restinga, despite its same number of prey categories
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Figure 2. Non-metric multidimensional scaling of Pseudopaludicula restinga diet from a sandy coastal environment in southeastern
Brazil grouped by sex (geometric forms) and season (color). Stress = 0.05408.

(Table 4). Pseudopaludicola canga is the species with
fewest prey categories, there only being six (Van Sluys
& Rocha 1998).

Considering the dietary evidence for the genus,
Pseudopaludicola species seem to have a plastic inter-
specific diet composition, consisting of a range of 20
prey categories considered together. Dietary plasticity
among Pseudopaludicola species is also evident by the
exclusive prey categories ingested as Ephemeroptera
(P. pocoto, Silva et al. 2018); Trichoptera and
Siphonaptera (P. falcipes, Duré 2002 and Dias et al.
2018, respectively); and two non-arthropod prey items:
Annelida ingested by P. falcipes (Dias et al. 2018) and
Gastropoda preyed upon by P. boliviana (Caldwell &
Vitt 1999). Such interspecific plasticity is present as
well at the intraspecific level, as is now known for
three populations of P. falcipes (Table 3). Only for
the population from Brazil (Dias et al. 2018),
Formicidae was the most important prey item, and
ants are not in the first most important items in the
diet of the two other populations already studied
(Duré 2002; Loépez et al. 2005). Besides the wide
range of prey items, Pseudopaludicola species have
a main category that differs between species (Table

3). Pseudopaludicola pocoto ingested mainly
Coleoptera (IRI% = 77.75); P. boliviana seems to
prefer Diptera (IRI%: 53.82); and Collembola is
the most important item in two populations of
P. falcipes (Duré 2002; Lopez et al. 2005). For the
third population of P. falcipes already studied,
Formicidae represents IRI = 36.21%. The same
level of importance of Formicidae in the diet was
observed for P. restinga, whose ants IRI% = 43.90
(Table 3).

Despite the dominant contribution of ants in its
dietary composition, P. restinga is probably
a generalist predator, as indicated by its large
trophic niche breadth, the second highest for the
genus (Table 3). The variety of prey categories sug-
gests that P. restinga is an opportunistic predator
similar to their known congeners, which have also
been examined in previous studies (Van Sluys &
Rocha 1998; Duré 2002; Duré et al. 2004; Dias
et al. 2018; Silva et al. 2018). According to Toft
(1981), the number of consumed prey items by an
opportunistic predator is relatively large and the
prey items are frequently small. We have evidence
of this for the P. restinga dietary composition. Only
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would it be possible to verify if individuals are  prey items. But the evidence of high IRI% of
generalists that eat prey items at the same frequency = Formicidae supports a less generalist dietary
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composition in P. restinga, an opportunistic preda-
tor that engages in active search while foraging for
prey.

Pseudopaludicola restinga is the third Leiuperinae
to ingest its own skin shed, as dermatophagy has
been reported in Pleurodema bufonina (Pincheira-
Donoso 2002) and Edalorhina perezi (Weldon et al.
1993). Dermatophagy (or keratophagy) is the inges-
tion of skin sheds by amphibians and reptiles
(Weldon et al. 1993). There exists a hypothesis
about the function of this ingestion of skin sheds.
The ingestion of skin could be a way to recycle skin
proteins, control ectoparasites, and eliminate olfac-
tory cues that could attract potential predators
(Mitchell et al. 2006). The presence of plant remains
and small minerals in the digestive tract of
P. restinga likely represent accidental ingestions dur-
ing predation events, as reported for several other
anurans (e.g. Lopez et al. 2005; Sabagh et al. 2012).

The absence of seasonality on diet composition was
unexpected since Pseudopaludicola restinga occupies
mainly temporary ponds that disappear in the dry
season (pers. obs.). It could indicate that P. restinga
did not feed in the same microhabitat that they occu-
pied during their reproductive activities. These results
indicate a temporal consistency in diet and a no
resource-limited habitat for the species. There is evi-
dence that mean arthropod abundance decreases only
slightly in the dry season in one Peruvian Amazon area
(Toft 1980). However, the dry season is much more
marked in the Restinga than in Amazonian Forest and
it is surprising that arthropods preyed upon by
P. restinga do not seem to change their abundance in
response to this seasonality.

Considering the prey types consumed by
Pseudopaludicola restinga, which were mainly small
and slow prey items but also some small and fast
items, it was expected that their gape was not an
important morphological trait (Emerson 1985). The
diet composed mainly by ants, which are small prey,
is not constrained by the size of the gape and then the
absence of a relationship between the JW and the size
of ingested prey is not unexpected. It is consistent with
the predictions proposed by Emerson (1985). In the
same way, the similarity in the size of prey ingested by
females and males reinforces that P. restinga did not
prey upon items as large as possible. Instead of it,
P. restinga seems to be an active searching with
a foraging strategy predator (as suggested for
P. falcipes by Lopez et al. 2005), consuming several
small prey items, and, although it is a generalist, it
tends to be at the ant-specialist end of the continuum
proposed by Toft (1980).

In conclusion, we emphasize that data brought here
provide a better understanding of ecology and life history
aspects of Pseudopaludicola restinga. These information
hence guide the development of effective conservation
strategies for this poorly known species. Since the habi-
tats of many of the Pseudopaludicola species, especially in
the morphoclimatic domain of the Atlantic Forest,
increasingly becoming fragmented and degraded at
a rapid rate, the development of such studies provides
essential information to fill gaps in knowledge about the
most diverse ecological aspects of dwarf swamp frogs.

Geolocation Information

This study was carried out in Parque Nacional da
Restinga de Jurubatiba (PNR]), a sandy coastal envir-
onmentin the municipality of Carapebus (22.2708°S,
41.6469°W), state of Rio de Janeiro, southeastern
Brazil.
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