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Diet of five anuran species in a forest remnant in eastern Acre
state, Brazilian Amazonia
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Abstract. The diet of anuran species is based on a large variety of prey items, which may be related to the availability of
prey in the environment. In Amazonia, studies on the diet of anurans have occurred mainly in primary forests. Because forest
fragmentation promotes changes in the environment, it is expected that the diet of anuran species will also be affected. Here
we describe the diet composition of anurans captured in a forest remnant at Fazenda Amoty, municipality of Placido de Castro,
state of Acre, Brazil. Stomach contents of 34 specimens of Allobates femoralis (Aromobatidae), Adenomera hylaedactyla,
Engystomops freibergi (Leptodactylidae), Rhinella sp. (Bufonidae), and Elachistocleis muiraquitan (Microhylidae) had 877 prey
items belonging to 19 prey categories. The diet of most species were arthropods. Myrmicinae ants (Hymenoptera, Formicidae)
was the most abundant and frequent item in 4. hylaedactyla, Rhinella sp. and A. femoralis stomachs. Termitidae (Isoptera)
was the second most abundant taxon in Rhinella sp. and A. hylaedactyla, and the only taxon found eaten by E. freibergi and E.
muiraquitan. Most studied species showed generalist diet, which is the habit for most anuran species. Contrarily, E. freibergi
and E. muiraquitan are likely specialized in Isoptera.
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Introduction that syntopic species may have similar niche amplitude,
but share prey of different sizes (Menin et al., 2005).
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of species found in forest remnants are scarce (Silva and
Rossa-Feres, 2010; do Couto et al. 2018). The process
of forest fragmentation changes the environment,
causing variations in some ecological factors and
affecting biodiversity (Laurance and Vasconcelos,
2009). Furthermore, forest fragmentation, along with
habitat loss, are among the major factors threatening
amphibian populations in the world (Cushman, 2006).
Moreover, forest fragmentation can also lead to the
presence of species that occur in the matrix surrounding
the fragment. Anuran species from open areas may use
forest fragments as shelter during the day, as well as
possibly for foraging (Silva and Rossa-Feres, 2007).
Consequently, there may be changes in the composition
of the anuran assemblage structure and in species eaten
by the anurans, resulting, overall, in changes to the
feeding habits of amphibian species. On the other hand,
the small set of studies available on anuran species in
forest remnants indicates that they have diets similar to
those in preserved forests (do Couto et al., 2018), or to
that described for the same species in other localities in
Brazil, suggesting that the diet may be a conservative
characteristic for each species (Silva and Rossa-Feres,
2010).

In the current study we aimed to describe the diet
composition of species of anurans in a forest remnant
located in a pasture area in the eastern region of the state
of Acre, western Amazonia, Brazil. In order to determine
the diet composition, we analyzed the stomach content
of 49 individuals belonging to four families and five
species; we also determined the breadth and overlap
of the trophic niche to the most abundant species. The
species of terrestrial anurans found in the study area
are typical of regional terra firme forests (4. femoralis,
Rhinella sp., and E. freibergi; Duellman, 1978, 2005;
Parmelee, 1999; von May et al., 2009) or open areas
(4. hylaedactyla and E. muiraquitan; Lima et al. 2012;
Ramalho et al., 2016), and are commonly found in
the leaf litter in such respective habitats. The latter
two species could potentially use the forest remnant
as diurnal shelter and foraging area, as reported by
Silva and Rossa-Feres (2007) for anuran species in
southeastern Brazil. This is the first study to evaluate the
diet of anurans in a rural forest fragment in Amazonia.

Material and Methods

Study area.— Individuals used in this study were
collected in a terra firme forest fragment at the Fazenda
Amoty (10.338694° S, 67.485056° W; DATUM =
WGS84), AC-90 highway, in the municipality of

Brenda C. Almeida et al.

Placido de Castro, Acre state, Brazil. The region’s
climate is tropical monsoonal (Am from the K&ppen-
Geiger system), with precipitation in the driest month >
100 mm (Peel et al., 2007). The studied forest fragment
covers eight hectares and has a lotic water body. The
surrounding matrix is composed of pasture.

Data collection.—Individuals were captured from
August 2014 to August 2015 in pitfall traps placed in
two transects. Each transect had 11 traps composed
of 500 mL plastic cups. Traps were separated by five
meters apart and were situated at least 200 meters inside
from the forest border. Transects were 10 meters apart.
Specimens were retrieved from traps every 15 days,
with a total of 22 samples and 396 days of summed
effort. The pitfall traps used in this study were installed
to capture edaphic insects, and so are much smaller than
those generally used in herpetological field studies.
Thus, we captured only juveniles and adults of small-
size anurans.

The individuals were fixed with 10% formalin,
preserved in 70°GL alcohol, identified with specialized
literature (Duellman, 2005; Funk et al., 2008; Nunes-
de-Almeida and Toledo, 2012), and deposited (as
accession numbers UFAC 6463 to 6495, 6497 to 6514)
in the Herpetological Collection of the Universidade
Federal do Acre (UFAC), municipality of Rio Branco,
Acre state, Brazil. Species nomenclature follows Frost
(2019). For each individual, we measured snout-vent
length using digital callipers.

To determine diet composition, 49 specimens were
dissected and had their stomach content identified to
Order and/or Family level, following the identification
keys of Triplehorn and Johnson (2011). Ants were
identified to subfamily level following Baccaro et al.
(2015). We measured the length and width of each prey
item using an ocular micrometer mounted on a Zeiss
Stemi SV 11 stereomicroscope.

Data analysis.—We estimated the volume of each
item according to spheroid volume formulae: V = (m.
length.width?)/6 (Colli et al., 1992). Breadth and overlap
of the trophic niche for more abundant species was
estimated using the Shannon-Wiener diversity index
(H’, logarithm at the base 10, decits/individual) and the
Morisita-Horn index (C,), respectively (Krebs, 1999).
We used a linear regression to test the relation between
the snout-vent length of the most abundant anuran
species and stomach contents volume (total volume
of preys consumed for each individual), prey richness
(total number of different prey categories consumed for



Diet of five anuran species in a forest remnant in eastern Acre state, Brazil

each individual) and prey abundance (total number of
preys in the stomach of each individual). All analyses
were made using Systat 12.0 software.

Results

Forty-nine anuran individuals were captured,
representing four families (Aromobatidae, Bufonidae,
Leptodactylidae and Microhylidae) and five species
[Allobates femoralis (Boulenger, 1884), Rhinellla sp.,
Adenomera hylaedactyla (Cope, 1868), Engystomops
freibergi (Donoso-Barros, 1969), and Elachistocleis
muiraquitan Nunes-de-Almeida and Toledo, 2012].
Adenomera hylaedactyla was the most abundant species
representing 57% (N = 28) of the captured individuals
(Table 1).

Thirty-four (69.4%) individuals had stomach content.
Two (4.1%) individuals of Rhinella sp., eight (16.3%) of
A. hylaedactyla and five (10.2%) of E. fieibergi (Table
1) had empty stomachs. In total, we recorded 877 prey
items belonging to 19 categories (Table 2). The anuran
species preyed mostly on arthropods (Table 2). The
number of prey items per stomach varied from one to
nine for A. hylaedactyla, one to 404 for E. freibergi,
eight to 55 for Rhinella sp., two to five for 4. femoralis
and only one prey item for E. muiraquitan.

Myrmicinae (Hymenoptera, Formicidae) was the
most abundant and frequent item in the stomachs of 4.
hylaedactyla, Rhinella sp. and A. femoralis (Table 2).
Termitidae (Isoptera) was consumed in high abundance
by four studied species, and was the second most
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abundant prey category in the diet of Rhinella sp. and
A. hylaedactyla, and the only prey item found in the
stomachs of E. freibergi and E. muiraquitan (Table 2).

Termitidae (Isoptera) was the taxon with the highest
volume (15.7%) consumed by A. hylaedactyla,
followed by Coleoptera larvae (9.3%), unidentified
insects (8.6%) and Dermaptera (7.7%). Ponerinae
(Hymenoptera, Formicidae) (18.7%) was the item with
highest volume consumed by Rhinella sp., followed by
Termitidae (Isoptera) (10.9%). Unidentified immature
insects (39.3%) were the most voluminous item in the
A. femoralis diet.

Niche breadth was highest for 4. hylaedactyla (H=
1.03), followed by Rhinella sp. (H* = 0.629). Niche
overlap was high among these species (C,, = 0.705).

There was no relationship between sizes of A.
s = 0079 p =
115 = 0.214; p = 0.649) and prey
abundance (F . =0.044; p=0.836). The size of Rhinella
sp. was significantly correlated to prey abundance (F,
=6.305; p=0.046), but not to prey volume (F, (=2.735;
p = 0.149) or prey richness (F, , = 0.004; p = 0.952).

hylaedactyla and the prey volume (F
0.781), prey richness (F

Discussion

The diet of studied species was composed mostly by
arthropods. Myrmicinae ants was the most abundant
and frequent item in A. hylaedactyla, Rhinella sp. and
A. femoralis stomachs, while Termitidae (Isoptera) was
the second most abundant taxon in Rhinella sp. and
A. hylaedactyla, and the only taxon found eaten by E.

Table 1. Number of individuals and snout-vent length (SVL; in mm) of five anuran species captured monthly in a forest remnant

in Fazenda Amoty, municipality of Placido de Castro, Acre state, Brazil. Values in brackets are the number of empty stomachs.

Values of SVL are means + standard deviation and range (in parenthesis), except for species with one or two individuals only, for

which individual values are given.

Family/Species Sep/2014 Oct/2014 Nov/2014 Dec/2014  Jan/2015 Feb/2015 Mar/2015  Total N of SVL (mm)
individuals
Aromobatidae
Allobates femoralis - 1 1 2 20.13-20.69
Bufonidae
Rhinella sp. 6[1] 3[1] 1 10 28.94+4.55
(20.47-35.27)
Leptodactylidae
Adenomera hylaedactyla 4 3[1] 6[1] 4[2] 2 6[3] 3011 28 22.2442.22
(17.03-27.02)
Engystomops freibergi 31[2] 1[1] 2[1] 1 1[1] 8 30.04+3.87
(25.54-35.45)
Microhylidae
Elachistocleis muiraquitan 1 1 38.24
TOTAL 14 8 9 2 8 4 49
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Table 2. Prey items of five anuran species in a forest remnant at Fazenda Amoty, municipality of Placido de Castro, Acre state,
Brazil. N: number of items; N(%): numerical percentage; F: frequency; F(%): occurrence-frequency percentage; V: volume;
V(%): volumetric percentage.

Prey Category/Species N N(%) F F(%) V (mm?) V(%)
AROMOBATIDAE
Allobates femoralis (N = 2)
Diplopoda 1 14.29 1 50.00 32.15 33.66
Diptera 1 14.29 1 50.00 5.07 5.31
Hymenoptera
Formicidae - Myrmicinae 3 42.86 2 100.00 4.42 4.62
Unidentified insects (fragments) 2 28.57 1 50.00 53.88 56.40
TOTAL 7 95.52
BUFONIDAE
Rhinella sp. (N = 8)
Araneae 4 1.71 3 37.50 371.44 4.46
Coleoptera
Bostrichidae 1 0.43 1 12.50 6.30 0.08
Ceratocanthidae 1 0.43 1 12.50 13.85 0.17
Lampyridae 1 0.43 1 12.50 35235 423
Unidentified adults 5 2.14 4 50.00 40.73 0.49
Unidentified larvae 3 1.28 3 37.50 346.06 4.15
Diplopoda 1 0.43 1 12.50 24.94 0.30
Diptera 6 2.56 1 12.50 602.61 7.23
Hemiptera 1 0.43 1 12.50 1.10 0.01
Heteroptera 1 0.43 1 12.50 3.11 0.04
Hymenoptera
Formicidae - Ectatomminae 4 1.71 4 50.00 494.76 5.93
Formicidae - Myrmicinae 124 52.99 6 75.00 1254.59 15.05
Formicidae - Ponerinae 32 13.68 5 62.50 3012.61 36.13
Isoptera
Termitidae 50 21.37 3 37.50 1812.88 21.74
TOTAL 234 8337.33
LEPTODACTYLIDAE
Adenomera hylaedactyla (N = 20)
Araneae 3 4.84 3 15.00 539.09 7.78
Coleoptera
Unidentified adults 5 8.06 5 25.00 106.05 1.53
Unidentified larvae 4 6.45 3 15.00 1286.72 18.56
Dermaptera 1 1.61 1 5.00 1059.69 15.29
Diplopoda 5 8.06 2 10.00 73.88 1.07
Diptera
Unidentified adults 2 3.23 1 5.00 7.13 0.10
Unidentified larvae 3 4.84 1 5.00 193.72 2.79
Hemiptera 1 1.61 1 5.00 1.10 0.02
Hymenoptera
Formicidae - Ectatomminae 4 6.45 3 15.00 12.76 0.18
Formicidae - Myrmicinae 13 20.97 7 35.00 106.60 1.54
Formicidae - Ponerinae 2 3.23 2 10.00 141.60 2.04
Isoptera

Termitidae 13 20.97 7 35.00 2176.67 31.40
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Table 2. Continued.
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Prey Category/Species N N(%) F F(%) V (mm?) V(%)
Orthoptera 1 1.61 1 5.00 30.87 0.45
Unidentified insects (fragments) 4 6.45 2 10.00 1188.83 17.15
Mollusca

Gastropoda 1 1.61 1 5.00 6.30 0.09
TOTAL 62 6931.01
Engystomops freibergi (N = 3)

Isoptera

Termitidae 573 100 3 100 12452.73 100
MICROHYLIDAE
Elachistocleis muiraquitan (N = 1)

Isoptera
Termitidae 1 100 1 100 0.66 100

freibergi and E. muiraquitan. Diet composition of A.
hylaedactyla, Rhinella sp. and A. femoralis indicate
generalist and opportunistic feeding strategy. This is
reported for most anuran species (Duellman and Trueb,
1994; Parmelee, 1999). Adenomera hylaedactyla had
the largest niche breadth, probably due to the larger
number of specimens analyzed in comparison to the
other species studied here. However, we did not find
a relationship between A. hylaedactyla size and the
variables prey volume, abundance and richness. Identity
of prey item found in the diet of 4. hylaedactyla, Rhinella
sp. and 4. femoralis were similar to those reported from
other regions in Amazonia, and for species of the same
genera in other Brazilian biomes. Species of Adenomera
consume predominantly Formicidae, Isoptera, Araneae,
Coleoptera and insect larvae (Duellman, 1978, 2005;
Parmelee, 1999; Almeida-Gomes et al., 2007; Astwood-
Romero et al., 2016). Studies in Peru (Parmelee, 1999;
Duellman, 2005), Ecuador (Duellman, 1978) and
Colombia (Astwood-Romero et al., 2016) have reported
that, in terms of abundance and volume, Formicidae and
Coleoptera were the most important prey items in the
diet of R. margaritifera species group. This includes
the consumption of ants belongs to the subfamilies
Ecitoninae and Myrmicinae (Fajardo-Martinez et al.,
2013). Prey abundance was proportional to individual
size for Rhinella sp. in our study: with the largest
individuals consuming a higher number of prey,
probably due to demands of energy uptake.

We found seven prey items in the stomachs of only
two individuals of 4. femoralis. The diet of A. femoralis
from Peru (Parmelee, 1999) was more diversified than
that found in our study due to the greater number of

analyzed specimens; Formicidae and Acari gave the
largest number of prey items, while larval insects,
Formicidae and Araneae provided the largest volumes
(Duellman, 2005). In general, in Allobates cepedai
(Morales, 2002), Allobates hodli Simdes, Lima and
Farias, 2010, Allobates juanii (Morales, 1994), Allobates
sumtuosus (Morales, 2002), and Allobates trilineatus
(Boulenger, 1884) studied in different regions of
Amazonia, Formicidae, Isoptera and Coleoptera had the
highest abundance and volume across preys (Duellman,
1978,2005; Parmelee, 1999; Juncé and Eterovick, 2007,
Simdes et al., 2010; Astwood-Romero et al., 2016).
According to Clarke (1974), Coleoptera and
Formicidae play an important role in the diet of anurans,
being the most frequent prey worldwide. Coleoptera
consumption (both larva and adult) is advantageous for
anurans because they are generally larger than other
arthropods and have a high protein content in all parts, so
offering more sustenance to feeding anurans (Anderson
and Smith, 1998). Formicidae form potential prey for
anurans mostly due their abundance and richness in
different sites in arboreal and terrestrial habitats, so that
their availability is generally greater than potential prey
from other invertebrate groups. Moreover, Myrmicinae
is the most diverse Formicidae subfamily, with wide
distribution, immense morphological diversity and
generally generalist habit, and so easily occupying
disturbed areas such as forest fragments (Carvalho and
Vasconcelos, 1999; Fernidndez 2003; Baccaro et al.,
2015). Therefore, Myrmicinae represent an important
prey base for A. hylaedactyla, Rhinella sp. and A.
femoralis. Also, ants from the Ponerinae subfamily
are an important prey for Rhinella sp. These ants are
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predators and they are the biggest ants found in forests
being a well-known item prey for anurans (Baccaro et
al., 2015).

Engystomops freibergi may be Isoptera specialists, but
the small sample size prevents further conclusion. In Peru,
E. freibergi (as Physalaemus petersi in Parmelee, 1999)
preyed almost exclusively on Isoptera (except by one
Coleoptera). Indeed, E. freibergi, Engystomops petersi
Jiménez de la Espada, 1872, Engystomops pustulosus
(Cope, 1864) and species of the genus Physalaemus
are considered to be specialists in Termitidae (Isoptera)
(Duellman, 1978, 2005; Ryan, 1985; Parmelee, 1999;
Giaretta and Menin, 2004; Silva and Rossa-Feres, 2010;
Menin et al., 2015). On the other hand, Engystomops
pustulatus (Shreve, 1941) has a generalist diet, a
characteristic that is attributed to the presence of teeth
in the species (Narvdez and Ron, 2013). Because
termites are decomposers in tropical systems, termites
are abundant in forests, both in natural landscapes and
forest remnants, building their nests mostly in the leaf
litter. Termitidae is the commonest family of Isoptera,
representing 85% of Brazilian termite fauna living in
large colonies with complex nests, which explain their
extensive consumption by anuran species (Constantino,
1992, 2012). Only one specimen of E. muiraquitan
was analyzed and it had consumed a single individual
termite. However, information on diet composition of
Elachistocleis species in other biomes, indicate that
Formicidae and Isoptera are the main items in the diet
(Solé et al., 2002; Berazategui et al., 2007; Lopez et al.,
2007), suggesting phylogenetic relationship may have
an influence on the diet of the species in this genus
(Marques-Pinto et al., 2018).

The extensive niche overlap observed between the
studied species may be the result of species behavioral
and morphological characteristics.
hylaedactyla and Rhinella sp. are predominantly diurnal

Adenomera

leaf litter-living species (Lima et al., 2012) and, in our
study, we found captured individuals of these species
overlapped in the size (see Table 1). Additionally,
the wide overlap in the use of food resources can be
related to the high availability in the environment of the
exploited prey base types (Menin et al., 2005; Oliveira et
al., 2018), or the overall absence of competition because
these resources are not in short supply (Pianka, 1994).
In conclusion, most of the species studied had a
generalist diet and showed broad overlap in the use of
food resources, probably consuming resources according
to their availability in the environment. Additionally,
we did not detect any differences in diet composition
when compared to other areas, including pristine areas,
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suggesting a conservative diet for each species (Silva
and Rossa-Feres, 2010). However, based on our results
and information in the literature, we suggest that E.
freibergi and E. muiraquitan are specialized in Isoptera.
Specializations in the use of resources can reduce the
potential competition in sympatric species, permitting
their coexistence (Pianka, 1974), and contributing to
species resilience to live in forest fragments.

Acknowledgements. We are grateful to Conceigéo P. B. Rufino
and Clemeson S. Souza for fieldwork assistance; Lidia Aguiar da
Silva for assistance in laboratorial activities and for suggestions
made on early version of the manuscript; Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) for granting
an undergraduate fellowship to BCA and a Research Productivity
grant to MM. Additional thanks are given to Adrian Barnett for
helping edit the English language version and an anonymous
reviewer by suggestions.

References

Almeida-Gomes, M., Sluys, M.V., Rocha, C.F.D. (2007): Ecological
observations on the leaf-litter frog Adenomera marmorata in an
Atlantic rainforest area of southeastern Brazil. Herpetological
Journal 17: 81-85.

Anderson, J.T., Smith, L.M. (1998): Protein and energy production
in playas: implications for migratory bird management. Wetlands
18: 437-446.

Astwood-Romero, J.A., Alvarez-Perdomo, N.A., Parra-Torres,
M.E.,, Rojas-Pena, J.I., Nieto-Vera, M.T., Ardila-Robayo,
M.C. (2016): Contenidos estomacales de espécies de anuros
em reservas naturales del municipio de Villavicencio, Meta,
Colombia. Caldasia 28: 165-181.

Attademo, A.M., Peltzer, PM., Lajamanovich, R.C. (2005):
Amphibians occurring in soybean and implications for biological
control in Argentina. Agriculture, Ecosystems and Environment
106: 389-394.

Baccaro, F.B., Feitosa, R.M., Fernandez, F., Fernandes, 1.0., 1zzo,
T.J., Souza, J.L.P.,, Solar, R. (2015): Guia para os géneros de
formigas do Brasil. Manaus, Editora INPA.

Batista, R.C., De-Carvalho, C.B., Freitas, E.B., Franco, S.C.,
Batista, C.C., Coelho, W.A., Faria, R.G. (2011): Diet of Rhinella
schneideri (Werner, 1894) (Anura: Bufonidae) in the Cerrado,
Central Brazil. Herpetology Notes 4: 17-21.

Berazategui, M., Camargo, A., Maneyro, R. (2007): Environmental
and seasonal variation in the diet of Elachistocleis bicolor
(Guérin-Méneville 1838) (Anura: Microhylidae) from Northern
Uruguay. Zoological Science 24: 225-231.

Carvalho, K.S., Vasconcelos, H.L. (1999): Forest fragmentation
in Central Amazonia and its effects on litter-dwelling ants.
Biological Conservation 91: 151-157.

Clarke, R.D. 1974. Food habits of toads, genus Bufo (Amphibia:
Bufonidae). American Midland Naturalist 91: 140—147.

Colli, G.R., Aratijo, A.F.B., Da Silveira, R., Roma, F. (1992): Niche
partitioning and morphology of two syntopic Tropidurus (Sauria:
Tropiduridae) in Mato Grosso, Brazil. Journal of Herpetology
26: 66—69.



Diet of five anuran species in a forest remnant in eastern Acre state, Brazil

Constantino, R. (1992): Abundance and diversity of termites
(Insecta: Isoptera) in two sites of primary rain forest in Brazilian
Amazonia. Biotropica 24: 420-430.

Constantino, R. (2012): Isoptera. In: Insetos do Brasil: diversidade
e taxonomia, p. 312-321. Rafael, J.A., Melo, G.AR., de
Carvalho, J.B., Casari, S.A., Constantino, R., Ed., Ribeirdo
Preto, Editora Holos.

do Couto, A.P., Da Silveira, R., Soares, A.M.V.M., Menin,
M. (2018): Diet of the Smoky Jungle Frog, Leptodactylus
pentadactylus, (Anura, Leptodactylidae) in an urban forest
fragment and in a preserved forest in Central Amazonia, Brazil.
Herpetology Notes 11: 519-525.

Cushman, S.A. (2006): Effects of habitat loss and fragmentation on
amphibians: A review and prospectus. Biological Conservation
128: 231-240.

Duellman, W.E. (1978): The biology of an equatorial herpetofauna
in Amazonian Ecuador. University of Kansas Museum of
Natural History, Miscellaneous Publications 65: 1-352.

Duellman, W.E. (2005): Cusco Amazodnico: the lives of amphibians
and reptiles in an Amazonian rainforest. Ithaca, Cornell
University Press.

Duellman, W.E., Trueb, L. (1994): Biology of amphibians.
Baltimore, The Johns Hopkins University Press.

Fajardo-Martinez, S., Fajardo-Patifio, A., de la Ossa, J. (2013):
Habitos alimentarios del complejo Rhinella margaritifera
(Laurenti, 1768) (Amphibia: Bufonidae), Amazonas, Colombia.
Revista Colombiana de Ciencia Animal 5: 301-312.

Fernandez, F. (Ed.). (2003): Introduccion a las hormigas de la
region Neotropical. Bogota, Instituto de Investigacion de
Recursos Bioldgicos Alexander von Humboldt.

Funk, W.C., Angulo, A., Caldwell, J.P., Ryan, M.J., Cannatella,
D.C. (2008): Comparison of morphology and calls of two cryptic
species of Physalaemus (Anura: Leiuperidae). Herpetologica
64:290-304.

Frost, D.R. (2019): Amphibians Species of the World: an online
reference. Version 6.0. Available at: http:/research.amnh.
org/herpetology/amphibia/index.html. Accessed on 01 August
2019.

Giaretta, A.A., Menin, M. (2004): Reproduction, phenology
and mortality sources of a species of Physalaemus (Anura:
Leptodactylidae). Journal of Natural History 38: 1711-1722.

Hoyos-Hoyos, J.M., Isaacs-Cubides, P., Devia, N., Galindo-Uribe,
D.M., Acosta-Galvis, A.R. (2012): An approach to the ecology
of the herpetofauna in agroecosystems of the Colombian coffee
zone. South American Journal of Herpetology 7: 25-34.

Junca, F.A., Eterovick, P.C. (2007): Feeding ecology of two
sympatric species of Aromobatidae, Allobates marchesianus
and Anomaloglossus stepheni, in Central Amazon. Journal of
Herpetology 41: 301-308.

Krebs, C.J. (1999): Ecological Methodology. Second Edition. New
York, Benjamin/Cummings.

W.F, H.L. (2009):
ecologicas da fragmentacdo florestal na Amazonia. Oecologia
Brasiliensis 13: 434-451.

Lima, A.P. (1998): The effects of size on the diet of six sympatric
species of postmetamorphic litter anurans in Central Amazonia.
Journal of Herpetology 32: 392-399.

Lima, A.P., Magnusson, W.E. (1998): Partitioning seasonal time:

Laurance, Vasconcelos, Conseqiiéncias

951

interactions among size, foraging activity and diet in leaf-litter
frogs. Oecologia 116: 259-266.

Lima, A.P., Magnusson, W.E., Menin, M., Erdtmann, LK.,
Rodrigues, D.J., Keller, C., Hodl, W. (2012): Guia de Sapos
da Reserva Adolpho Ducke, Amazonia Central (= Guide to the
frogs of Reserva Adolpho Ducke, Central Amazonia). Second
Edition. Manaus, Editora INPA.

Lopez, J.A., Ghirardi, R., Scarabotti, P.A., Medrano, M.C. (2007):
Feeding ecology of Elachistocleis bicolor in a riparian locality
of the middle Parana River. Herpetological Journal 17: 48-53.

Maragno, F.P., Souza, F.L. (2011): Diet of Rhinella scitula (Anura,
Bufonidae) in the Cerrado, Brazil: the importance of seasons and
body size. Revista Mexicana de Biodiversidade 82: 879-886.

Marques-Pinto, T., Barreto-Lima, A.F., Albuquerque Brandao, R.
(2018): Dietary resource use by an assemblage of terrestrial
frogs from the Brazilian Cerrado. North-Western Journal of
Zoology e181502.

Menin, M., Santos, R.S., Borges, R.E., Piatti, L. (2015): Notes
on the diet of seven terrestrial frogs in three agroecosystems
and forest remnants in Northwestern Sdo Paulo State, Brazil.
Herpetology Notes 8: 401-405.

Menin, M., Rossa-Feres, D.C., Giaretta, A.A. (2005): Resource use
and coexistence of two syntopic hylid frogs (Anura, Hylidae).
Revista Brasileira de Zoologia 22: 61-72.

Narvéaez, A.E., Ron, S.R. (2013): Feeding habits of Engystomops
pustulatus (Anura: Leptodactylidae) in Western Ecuador. South
American Journal of Herpetology 8: 161-167.

Nunes-de-Almeida, C.H.L., Toledo, L.F. (2012): A new species of
Elachistocleis Parker (Anura, Microhylidae) from the state of
Acre, northern Brazil. Zootaxa 3424: 43-50.

Oliveira, R.M., Schilling, A.C., Sol¢, M. (2018): Trophic ecology
of two Pithecopus species (Anura: Phyllomedusidae) living in
syntopy in southern Bahia, Brazil. Studies on Neotropical Fauna
and Environment 54: 10-21.

Parmelee, J.R. (1999): Trophic ecology of a tropical anuran
assemblage. Scientific Papers of Natural History Museum, The
University of Kansas 11: 1-59.

Peel, M.C., Finlayson, B.L., McMahon, T.A. (2007): Updated world
map of the Koppen-Geiger climate classification. Hydrology
and Earth System Sciences Discussions 4: 439-473.

Pianka, E.R. (1974): Niche overlap and diffuse competition.
Proceedings of the National Academy of Science of USA 71:
2141-2145.

Pianka, E.R. (1994): Evolutionary Ecology. Fifth Edition. Nerw
York, Harper Collins College Publishers.

Ramalho, W.P., Andrade, M.S., Matos, L.R.A., Vieira, L.J.S. (2016):
Amphibians of varzea environments and floating meadows of
the oxbow lakes of the Middle Purus River, Amazonas, Brazil.
Biota Neotropica 16: 1-15.

Ryan, M.J. (1985): The tingara frog: a study in sexual selection
and communication. Chicago and London, The University of
Chicago Press.

Sabagh, L.T., Carvalho-e-Silva, AM.P.T., Rocha, C.F.D. (2012):
Diet of the toad Rhinella icterica (Anura: Bufonidae) from
Atlantic Forest Highlands of southeastern Brazil. Biota
Neotropica 12: 258-262.

Santana, A.S., Junca, F.A. (2007): Diet of Physalaemus cf. cicada
(Leptodactylidae) and Bufo granulosus (Bufonidae) in a



952

semideciduous forest. Brazilian Journal of Biology 67: 125—
131.

Silva, F.R., Rossa-Feres, D.C. (2007): Uso de fragmentos florestais
por anuros (Amphibia) de area aberta na regido noroeste do
Estado de Sdo Paulo. Biota Neotropica 7: 141-148.

Silva, F.R., Rossa-Feres, D.C. (2010): Diet of anurans captured
in forest remnants in southeastern Brazil. Revista Espafiola de
Herpetologia 24: 5-17.

Simdes, P.I., Lima, A.P., Farias, I.P. (2010): The description of a
cryptic species related to the pan-Amazonian frog Allobates
sumtuosus (Morales, 2002) (Anura: Aromobatidae). Zootaxa
3746: 401-402.

Solé, M., Ketterl, J., Di-Bernardo, M., Kwet, A. (2002): Ants and
termites are the diet of the microhylid frog Elachistocleis ovalis
(Schneider, 1799) at an Araucaria forest in Rio Grande do Sul,
Brazil. Herpetological Bulletin 79: 14-17.

Toft, C.A. (1980): Feeding ecology of thirteen syntopic species
of anurans in a seasonal tropical environment. Oecologia 45:
131-141.

Triplehorn, C.A., Johnson, N.F. (2011): Estudo dos insetos. Sao
Paulo, Cengage Learning.

von May, R., Siu-Ting, K., Jacobs, J.M., Medina-Miiller, M.,
Gagliardi, G., Rodriguez, L.O., Donnelly, M.A. (2009): Species
diversity and conservation status of amphibians in Madre de
Dios, Southern Peru. Herpetological Conservation and Biology
4:14-29.

Brenda C. Almeida et al.

Accepted by Clarissa Canedo



