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Abstract. The diet of fifty Leptodactylus pentadactylus individuals collected through active nocturnal searches at a terra firme forest
and Amazonian savanna were assessed using stomach flushing. We revealed 129 prey items, where Hemiptera (IRI = 14.63),
Orthoptera (13.94), and Araneae (13.06) were the most important prey items in the forest, and Orthoptera (46.66), Araneae (26.58),
and Coleoptera (22.06) were the most important prey items in the savanna. The dietary composition of L. pentadactylus in the
savanna was more diverse (16 prey types, Shannon-Wiener index: H" =2.56) than in the forest (14 prey types, H" = 2.36). A significant
correlation was found between the SVL and the number of prey from the savanna (rs = 0.25, p = 0.019), but there was no relationship
in the forest. Overall, the diet of the L. pentadactylus follows a generalist and opportunistic pattern resembling other medium- or

large-sized Leptodactylus species.
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Introduction

The genus Leptodactylus Fitzinger, 1826 is a species-rich clade
of Neotropical frogs ranging in size from medium to large
(20-250 mm snout-vent length), where some species are
active foragers in the leaf-litter, whereas other species are sit-
and-wait predators found around ponds or sit outside
burrows they occupy permanently (Lima et al. 2012, de Sa et
al. 2014). Leptodactylus species consume small invertebrate
prey (Santana et al. 2019, Baia et al. 2020, Oliveira-Souza et
al. 2021). Still, they can also predate on anurans and other
small vertebrates (Castro et al. 2011, Sousa et al. 2016, Ceron
et al. 2018).

Leptodactylus pentadactylus (Laurenti, 1768) is a large-
sized neotropical frog (snout-vent length 133.9-174.2 mm in
females and 100.2-195.0 mm in males, de Sa et al. 2014),
nocturnal and terrestrial, usually found along forest stream
banks (Faria da Costa et al. 2013) that feeds on a variety of
invertebrates and occasional vertebrates prey items (do
Couto & Menin 2014, do Couto et al. 2018, Santana et al.
2018). Previous studies have examined the diet of adults L.
pentadactylus in Central Amazonia areas and found them to
be generalist and opportunistic predators (do Couto et al.
2018). The species distribution includes the Amazon basin in
Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guyana,
Peru, Suriname, and Venezuela (Barrio-Amorés et al. 2019).
In Eastern Amazonia, populations of L. pentadactylus occur
both in primary forests (Silva e Silva & Costa-Campos 2018)
and in the Amazonian savanna (Costa-Campos & Freire
2019).

Considering the lack of natural history information on L.
pentadactylus from less-explored regions, such as north
Brazil, precludes a better understanding of the diet
composition of this species in a population from the
Amazonian domain. The specific aims of this study were to
(i) identify the most important prey items present in L.
pentadactylus diet; (ii) evaluate whether there are similarities

in prey composition between two habitats (terra firme forest
and Amazonian savanna).

Material and Methods

The study was conducted in two habitats located in the Amazonian
domain. The first area, a ferra firme forest, was located on the Reserva
Extrativista Municipal Beija-Flor Brilho de Fogo (0°47'30.6” N,
51°58'42.1” W; elev. 115 m a.s.l), municipality of Pedra Branca do
Amapari. The second area in the Amazonian savanna was located on
the Campo Experimental da Empresa Brasileira de Pesquisa
Agropecuaria-EMBRAPA (00°23’5” N, 51°02"2” W; elev. 34 m a.s.]).
Both regions are characterized by Am (rainy tropical climates with
short dry periods) according to the Képpen-Geiger classification. The
mean annual temperature is approximately 27 °C, and the mean
annual rainfall is 2850 mm, with the rainy season lasting from
January-July and the dry season lasting from August-December
(Alvares et al. 2013).

The terra firme forest is characterized by a well-drained forest
without seasonal flooding, with emergent trees and a closed canopy,
and the floodplain areas called virzea and igapo (Menin et al. 2017),
with the Amapari River its main watercourse (Drummond et al.
2008). The Amazonian savanna is characterized by a mosaic of areas
with open woody vegetation, areas with a denser woody shrub
layer, open grassy areas with sparser shrubs and trees, and
seasonally flooded areas in the transition zone with floodplains
(Lima et al. 2017, Mustin et al. 2017) including the presence of
grassland, scrub grassland, parkland and open woodland savanna
(for details see Melém-Junior et al. 2003, Costa-Campos & Freire
2019).

Frogs were collected manually at night (19:30 to 21:00 h) during
weekly field trips in the Amazonian savanna between November
2010 and March 2013 and in the forest during September 2021. We
obtained the diet samples by stomach-flushing, following the
methodology proposed by Solé et al. (2005), with specimens being
released at the capture site on the following day. Stomach contents
in 70% analyzed under a
stereomicroscope. We standardized prey identification to order or
family level (e.g., Araneae, Coleoptera, Diptera), following the
identification key by Rafael et al. (2012).

The volume of each prey item was then calculated using an
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ellipsoid formula (Griffiths & Mylotte 1987):
V =4/3m (L/2) (W/2)?

with L = prey length and W = prey width. We determined the index
of relative importance (IRI), as proposed by Pinkas et al. (1971), for
each category using the formula:

IRI=F% (N“o + Vuo)

where N is the numerical percentage of prey items belonging to a
certain category; V is the volumetric percentage of the volume
occupied by prey items of that category; and F is the frequency of
occurrence percentage of occurrence of each item in relation to the
total samples.

To analyze the dimension of the trophic niches breadth, we
calculated the Levin’s Niche Breadth Index (B) (Krebs 2004), defined
as

B =1/2pi?
where p is the individual proportion of a given resource i (taxon)
found in the diet. To facilitate comparisons between species/area,

the Standardized Index of Levins (Bsta) was calculated using the
following equation:

Bsta = (B-1)/(n-1)

where 1 represents the number of resources recorded. Values close
to zero are attributed to a specialist diet, while values close to one are
attributed to a generalist diet.

To analyze if the trophic niche overlaps between the
areas/species, with regards to the degree of similarity between their
diets, we used the Trophic Niche Overlap Index of Pianka (Oj)
(Pianka 1974):

Ojk = Y Pij Pi /NY P2 Y P

where Ojis the niche overlap index between the species j and k; Pjis
equivalent to the proportion of the resource type i relative to the total
of resources used by the species j; Pi is the proportion of resource i
relative to the total of resources used by the species k, and n is the
total number of resource categories used by the species j and k. The
index ranges from Oj > 0.70 (high), Ojx = 0.4 — 0.7 (intermediate), and
Ojk < 0.40 (low) when there is overlap complete or no between the
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species diets, respectively. We used the niche overlap module from
the EcoSim program (version 7.72) (Gotelli & Entsminger 2005) with
1,000 randomizations.

To determine the sampling efficiency, we plotted the prey
category accumulation curve in relation to the number of stomachs
flushed with the Estimates 9 software (Colwell 2013). In addition, we
used the Shannon Diversity Index to quantify diet diversity

H'=-73 pilnpi,
in which pi is the numeric proportion of prey i in the total number of
individuals of n prey types. To determine the relationship between
the size (SVL) of frogs with the abundance of prey, we used
Spearman's non-parametric correlation coefficient (rs; Zar 2010) with
a = 0.05 using PAST 3.02 software (Hammer et al. 2001).

We performed a permutational multivariate analysis of variance
(PERMANOVA) to test if diet composition in terms of prey volume
varies between the forest and savanna, using Euclidean distance and
999 permutations (Anderson 2001). Then we executed a Principal
Component Analysis (PCA) to check which prey category most
contributed to the differentiation. All statistical analyses were
conducted in the R software v.4.0.2 (R Development Core Team,
2020) using the vegan package (Oksanen et al. 2015).

Results

We collected 50 individuals of L. pentadactylus, 18 in the terra
firme forest, and 32 in the Amazonian savanna. Among the
analyzed stomachs (n = 50), only three stomachs in the
savanna were empty. Stomach flushing revealed a total of
129 prey items present in the stomachs (37 items from the
forest and 92 from the savanna), whereby a mean of 2.85
(min =1; max =8; SD = 2.12) and 6.13 (min = 3; max = 20; SD
= 4.45) prey items were found per specimen from the forest
and savanna, respectively. The diet of L. pentadactylus was
mainly composed of arthropods, including 15 categories
(Table 1).

Table 1. Comparison of the diet of Lepfodactylus pentadactylus between forest and savanna

in the Amazonian domain, state of Amap4, Brazil. N = number of individuals, F = prey
category’s frequency of occurrence, V = total volume (in mm3) occupied by prey
category, IRI = Index of Relative Importance, (%) = percentage values over the total.

Amazonian savanna

Forest area

Prey category N% E% V% IRI N% E% V% IRI
Anura - - - 2.38 3.70 207 272
Lizards - - - - 238 370 059 223
Araneae 778 1039 2524 2658 1429 1852 637 13.06
Blattodea - - - 952 1481 612 1015
Chilopoda - - - - 476 741 932 716
Coleoptera 778 1039 11.68 2206 1190 1111 774 1025
Curculionidae 8.73 9.78 471  20.08 - - - -
Crustaceae 5.62 5.81 555 13.28 - - - -
Pseudothelphusidae - - - - - - - -
Fredius reflexifrons - - - - 238 370 2199 936
Diplopoda - - - - 238 370 472  3.60
Diptera 1076 390 027 1475 - - - -
Tabanidae 8.80 6.54 148 15.83 - - - -
Hemiptera 392 260 278 745 1905 370 2114 14.63
Coridae 2.76 2.90 1.35 6.11 - - - -
Pentatomidae 2.76 2.90 1.75 6.24 - - - -
Hymenoptera 784 419 624 1411 952 741 099 598
Formicidae 348 3.18 5.62 8.53 - - -
Vespidae 3.48 318 502 833 - - - -
Oligochaeta 0.60 140 380 327 - - - -
Opiliones 360 798 250 1241 476 741 120 446
Orthoptera 1873 20.68 21.74 4666 1429 1111 1641 13.94
Nematoda 336 419 027 764 - - - -
Scorpiones - - - - 238 370 132 247




186

Based on the index of relative importance (Fig. 1),
individuals from the forest consumed Hemiptera (IRI =
14.63), Orthoptera (IRI = 13.94), and Araneae (IRI = 13.06). In
contrast, the diet of savanna individuals was composed of
Orthoptera (IRI = 46.66), Araneae (IRI = 26.58), and
Coleoptera (IRI = 22.06). One anuran and one lizard were
consumed by one of the frogs in the forest, accounting for
2.66% of the overall volume in the diet of the frogs from this
area. In the savanna area, the most important categories
(Orthoptera, Araneae, and Coleoptera) represent more than
58.66% of the overall volume.

In relation to the use of food resources by the species, L.
pentadactylus of the savanna area showed the largest trophic
breadth (Bsta = 0.66) relative to that of L. pentadactylus of the
forest area (Bsta = 0.63). The analysis of trophic niche overlap
in relation to the type of items consumed was 0.51%.
Pianka’s overlap index between frog diet was medium (Oj =

C.J. Santos-Souza et al.

0.51) but statistically higher than expected by chance (mean
of simulated indexes: Oy = 0.43; p[observed>expected] =
0.24; p[observed<expected] = 0.76).

The prey category accumulation curve, in relation to the
number of stomachs flushed, did not reach the asymptote
and indicated a higher taxonomic richness in the diet of L.
pentadactylus (Fig. 2). The dietary composition of L.
pentadactylus in the savanna was more diverse (16 prey
types, Shannon-Wiener index: H” = 2.56) than in the forest
(14 prey types, H" = 2.36). The relationship between the SVL
of the frogs and the number of prey was not significant in
the forest (rs = - 0.09, p = 0.071), but it was positive and
significant in the savanna (rs = 0.25, p = 0.019; Fig. 3). Diet
composition differs between the forest and savanna site
types (F = 1.91; df = 49; p = 0.05; Fig. 4). Individuals from
savanna consumed a larger diversity of prey types (see Table
1) than those from the forest.

Anura
Aranae
Blattodea
Chilopoda
Coleoptera
Curculionidae
Crustaceae
Diplopoda
Diptera
Tabanidae
Hemiptera
Coridae
Pentatomidae
Hymenoptera
Formicidae
Vespidae
Oligochaeta
Opiliones
Orthoptera
Nematoda
Scorpiones
Squamata

Savanna

Forest

Figure 1. Diet of Leptodactylus pentadactylus in the forest and savanna areas in the Amazonian domain, Amapa, Brazil. Bars

represent the Index of Relative Importance (IRI).
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Figure 2. Accumulation curve showing the number of prey
categories in relation to the number of stomachs flushed in the
forest and savanna areas in the Amazonian domain, state of
Amapa, Brazil.

Figure 3. Relationship between snout-vent length (mm) of L.
pentadactylus in the forest (open circles) and savanna (solid circles)
in the Amazonian domain, state of Amapa, Brazil, and the number
of preys. Line of tendency in a significant relationship (savanna).
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Figure 4. Principal components
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Discussion Regional dietary differences observed in L. pentadactylus

Leptodactylus pentadactylus fed on a wide variety of
invertebrates, including arthropods, crustaceans,
vertebrates, but its diet consisted predominantly of insects
(e.g., Orthoptera). Similarly to our results, Duellman (1978)
in Santa Cecilia (Ecuador), Galatti (1992) in Reserva Adolpho
Ducke, a periurban area of Manaus (Brazil), and do Couto et
al. (2018) in an urban forest fragment and preserved forest,
reported L. pentadactylus consuming of
invertebrates, mainly arthropods, and occasional vertebrates.

and

a variety

Vertebrates (i.e., anuran and lizard) were found only in
the diet of forest species. This record in our study, as well as
two small anurans in Ecuador (Duellman 1978), a small
lizard (Alopoglossus angulatus) in Central Amazonia, Brazil
(do Couto et al. 2018), (Rhinella  gr.
margaritifera) in Eastern Amazon, Brazil (Santana et al. 2018)
are the only known instances of L. pentadactylus preying

and one toad

vertebrates, which suggests that they are not a common part
of its diet, and apparently, they result from opportunistic
predation. The presence of vertebrates in the diet of
Leptodactylus species has been previously reported for L.
macrosternum (Sousa et al. 2016, Esteves-Silva et al. 2018), L
mystaceus (Figueiredo et al. 2018, Moreira-Brito et al. 2020)
and L. podicipinus (Ceron et al. 2018).

Leptodactylus pentadactylus presented a broad trophic
niche, composed of large, mobile preys as hemipterans,
coleopterans, and spiders, with a tendency towards a sit-
and-wait strategy suggested by Toft (1980, 1981) for the
family Leptodactylidae. The foraging strategy reported here
for L. pentadactylus was similar for other species like L.
labyrinthicus (Ganci et al. 2018), L. ocellatus (Sanabria et al.
2005, Solé et al. 2009), L. podicipinus (Rodrigues et al. 2004), L.
spixi (Solé et al. 2019) and L. natalensis (Santos et al. 2004).

(e.g., the richness of prey taxa and abundance of each prey
taxon) may be related to the climatic and vegetation
characteristics of the areas (e.g., Drummond et al. 2008,
Costa-Campos & Freire 2019). In the savanna area, L.
pentadactylus consumed a wide variety of food items
indicating a more generalist opportunistic feeding behavior.
In this case, it is noteworthy that L. pentadactylus presumably
experience less competition in the savanna as most
congeneric species in this region are restricted to the forest
area. Moreover, larger frogs have greater energy uptake
demand and consume a higher variety and number of prey
categories (Mageski et al. 2018, Le et al. 2020). In addition,
there was no significant correlation between SVL and the
number of prey items consumed for L. pentadactylus in the
forest area, and a positive and significant correlation for the
savanna area. In this case, changes from forest to savanna
provide a gradient in prey composition among different
areas; in the forest, there are more habitats for arthropod
communities, which can make it difficult for the search by
the frogs, while in savanna, prey can be more vulnerable to
predators, influencing predator-prey size relationships
between populations.

Finally, our study suggests differences in the diet
composition of L. pentadactylus between forest and savanna
areas. Besides having a greater demand for energy uptake,
larger frogs can also consume a wide array of prey of
different sizes. This may be crucial to settling in contrasting
environments, including urbanized landscapes. Further
research investigating dietary patterns of anurans in
ecological gradients must be encouraged, given that such
studies help us to understand how environmental variation
alters biological traits of anurans, such as feeding
specialization and predator-prey size relationship.



188

Acknowledgments

We are grateful to Samuel Farias and Edgar Farias (Edgarzinho) for
fieldwork assistance. We thank Raimundo Nonato Picango Souto
(ArthroLab) for helping in the identification of prey items. Secretaria
Municipal do Meio Ambiente of Pedra Branca do Amapari for the
logistical support. We thank Fillipe Pedroso-Santos and Karoline
Ceron for their many useful recommendations on the initial drafts of
this manuscript. Collections permits (#48192-5) were provided by
Instituto Chico Mendes de Conservacao da Biodiversidade (ICMBio).
JSCA received a fellowship from Conselho Nacional de Desen-
volvimento Cientifico e Tecnologico (CNPq) during this study.

References

Alvares, C.A,, Stape, J.L., Sentelhas, P.C., Gongalves, ].L.M., Sparovek, G. (2013):
Koppen's climate classification map for Brazil. Meteorologische Zeitschrift
22:711-728.

Anderson, M.J. (2001): A new method for non-parametric multivariate analysis
of variance. Austral Ecology 26 (1): 32-46.

Bafa, R.R.J., Sanches, P.R., Pedroso-Santos, F., Florentino, A.C., Costa-Campos,
C.E. (2020): Diet overlap of three sympatric species of Leptodactylus Fitzinger
(Anura: Leptodactylidae) in a protected area in the Brazilian Amazon.
Cuadernos de Herpetologia 34: 175-184.

Barrio-Amoroés, C.L., Rojas-Runjaic, F.J.M., Sefaris, J.C. (2019): Catalogue of the
amphibians of Venezuela: Illustrated and annotated species list, distribution,
and conservation. Amphibian & Reptile Conservation 13(1) [Special Section]:
1-198 (e180).

Castro, LJ., Silva, CR., Da Costa, AJ.S.,, Martins, A.CM. (2011): Predaciao
oportunista de Artibeus planirostris (Spix, 1823) e Carollia perspicillata
(Linnaeus, 1758) (Chiroptera, Phyllostomidae) por marsupiais e anuro na
APA do Rio Curiat, Amap4, Brasil. Acta Amazonica 41: 171-174.

Ceron, K., Moroti, M.T., Benicio, R.A., Balboa, Z.P., Marcola, Y., Pereira, L.B.,
Santana, D.J. (2018): Diet and first report of batracophagy in Leptodactylus
podicipinus (Anura: Leptodactylidae). Neotropical Biodiversity 4: 69-73.

Colwell, RK. (2013): EstimateS: Statistical estimation of species richness and
shared species from samples. Version 9.1.0. User's Guide and application.
URL: http:/ /purl.oclc.org/ estimates.

Costa-Campos, C.E., Freire, EM.X. (2019): Richness and composition of anuran
assemblages from an Amazonian savanna. ZooKeys 843: 149-169.

de S4, R.O., Grant, T., Camargo, A., Heyer, W.R,, Ponssa, M.L., Stanley, E.
(2014): Systematics of the Neotropical genus Leptodactylus Fitzinger, 1826
(Anura: Leptodactylidae): phylogeny, the relevance of non-molecular
evidence, and species accounts. South American Journal of Herpetology 9: 1-
128.

do Couto, A.P., Menin, M. (2014): Predation on the lizard Alopoglossus angulatus
(Squamata: Gymnophthalmidae) by the Smoky Jungle Frog, Leptodactylus
pentadactylus (Anura: Leptodactylidae) in Central Amazonia. Herpetology
Notes 7: 37-39.

do Couto, A.P., 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.

Drummond, J.A., Dias, T.C.A.C., Brito, D.M.C. (2008): Atlas das Unidades de
Conservagdao do Estado do Amapi. MMA/IBAMA - AP, GEA/SEMA.
Macapa, AP.

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

Esteves-Silva, P.H., Pedroso-Santos, F., Tavares-Costa, L.F.S., Avelar, Y.K.S.,
Santana, M.M.S., Costa-Campos, C.E. (2018): Natural History Notes.
Leptodactylus fuscus (Rufous frog). Predation. Herpetological Review 49(2):
303-304.

Faria da Costa, N.M., Rojas-Ahumada, D.P., Da Silveira, R., Menin, M. (2013):
Notes on abundance, size and calling activity of the South American
bullfrog, Leptodactylus pentadactylus (Anura, Leptodactylidae), in pristine and
fragmented forests in Central Amazonia, Brazil. Herpetology Notes 6: 317-
322.

Figueiredo, V.AM.B., Reis, T.S., Santana, M.M.S., Guedes-Lima, P.H., Costa-
Campos, C.E. (2018): Natural History Notes. Leptodactylus mystaceus
(Amazonian white-lipped frog). Diet. Herpetological Review 49(2): 304-305.

Galatti, U. (1992): Population biology of the frog Leptodactylus pentadactylus in a
Central Amazonian rainforest. Journal of Herpetology 26: 23-31.

Ganci, C.C,, Silva, L.A., Pacheco, E.O., Nogueira, T.M., Santana, D.J. (2018): Diet

dimorphism  of  Leptodactylus  labyrinthicus — (Anura,

Leptodactylidae) in a Cerrado area in Central Brazil. North-Western Journal

of Zoology 14: €172502.

and  sexual

C.J. Santos-Souza et al.

Gotelli, N.J., Entsminger, G.L. (2005): EcoSim: Null models software for ecology.
Version 7.72. URL: http:// together.net/~gentsmin/ecosim.htm.

Griffiths, R.A., Mylotte, V.J. (1987): Microhabitat selection and feeding relations
of smooth and warty newts, Triturus vulgaris and T. cristatus, at an upland
pond in mid-Wales. Holarctic Ecology 10: 1-7.

Hammer, O., Harper, D.A.T., Ryan, P.D. (2001): PAST: Paleontological statistics
software package for education and data analysis. Palaeontologia Electronica
4:1-9.

Krebs, C.J. (2004): Ecological Methodology. Second Edition. New York,
Benjamin/ Cummings.

Le, D.T.T., Rowley, J.J., Tran, D.T.A., Hoang, H.D. (2020): The diet of a forest-
dependent frog species, Odorrana morafkai (Anura: Ranidae), in relation to
habitat disturbance. Amphibia-Reptilia 41(1): 29-41.

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. Second Edition. Manaus, Editora INPA.

Lima, J.RF., Lima, ]J.D., Lima, S.D., Silva, R.B.L.,, Andrade, G.V. (2017):
Amphibians found in the Amazonian Savanna of the Rio Curiat
Environmental Protection Area in Amapa, Brazil. Biota Neotropica 17:
€20160252.

Mageski, M.M., Ferreira, R.B., Jesus, P.R., Teixeira, R.L. (2018): Diet and
fecundity of Physalaemus crombiei (Anura: Leptodactylidae) from a sandy
coastal plain of southeastern Brazil. North-Western Journal of Zoology 14(2):
247-249.

Melém-Janior, N.J., Farias-Neto, J.T., Yokomizo, G.K.I. (2003): Caracterizacao
dos Cerrados do Amapa. Comunicado Técnico Embrapa 105: 1-5.

Menin, M., Carvalho, V.T., Almeida, A.P., Gordo, M., Oliveira, D.P., Luiz, L.F.,
Campos, J.V., Hrbek, T. (2017): Amphibians from Santa Isabel do Rio Negro,
Brazilian Amazonia. Phyllomedusa 16: 183-199.

Moreira-Brito, T., Dias-Souza, M.R., Melo, E.S., Soeiro, A.L.S., Costa-Campos,
C.E. (2020): Batrachophagy on the leptodactylid frogs in eastern Amazon:
napo tropical bullfrog Adenomera hylaedactyla and the basin white-lipped frog
Leptodactylus mystaceus. Alytes 37(3-4): 53-56.

Mustin, K., Carvalho, W.D., Hilario, R.R.,, Costa-Neto, S.V., Silva, CR.,
Vasconcelos, .M., Castro, L., Eilers, V., Kauano, E.E., Mende-Jtanior, R.N.G.,
Funi, C., Fearnside, P.M., Silva, ].M.C., Euler, AM.C,, Toledo, J.J. (2017):
Biodiversity, threats and conservation challenges in the Cerrado of Amapa,
an Amazonian savanna. Nature Conservation 22: 107-127.

Oliveira-Souza, A.E., Santana, M.M.S,, Sanches, P.R., Costa-Campos, C.E. (2021):
Diet of two sympatric species of the Leptodactylus fuscus group: Leptodactylus
longirostris (Boulenger, 1882) and Leptodactylus mystaceus (Spix, 1824) in the
Brazilian Amazon rainforest. Cuadernos de Herpetologia 35(2): 245-251.

Oksanen, J.F., Blanchet, G., Kindt, R., Legendre, P., Minchin, P.R., O’hara, R.B.,
Wagner, H. (2015): Vegan: community ecology, R package. Available from:
http:/ /CRAN.R-project.org/ package=vegan.

Pianka, E.R. (1974): Niche overlap and diffuse competition. Proceedings of the
National Academy of Sciences 71(5): 2141-2145

Pinkas, L., Oliphant, M.S., Iverson, .L.K. (1971): Food habits of albacore, bluefin
tuna, and bonito in Californian waters. Fisheries Bulletin 152: 11-105.

R Development Core Team (2020): A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
Available at: https:/ /www.R-project.org/.

Rafael, J.A., Melo, G.A.R,, Carvalho, CJ.B. de, Casari, S.A., Constantino, R.
(2012): Insetos do Brasil: Diversidade e taxonomia. Ribeirdo Preto, Holos
Editora.

Rodrigues, D.J., Uetanabaro, M., Prado, C.P.A. (2004): Seasonal and ontogenetic

in diet composition of Leptodactylus podicipinus (Anura,
Leptodactylidae) in the southern Pantanal, Brazil. Revista Espafiola de
Herpetologia 18: 19-28.

Sanabria, E.A., Quiroga, L.B., Acosta, J.C. (2005): Dieta de Leptodactylus ocellatus
(Linnaeus, 1758) (Anura: Leptodactylidae) en un humedal del oeste de
Argentina. Revista Peruana de Biologia 12: 472-477.

Santana, D.J., Ferreira, V.G., Crestani, G.N., Neves, M.O. (2019): Diet of the
rufous frog Leptodactylus fuscus (Anura, Leptodactylidae) from two
contrasting environments. Herpetozoa 32: 1-6.

Santana, M.M.S., Guedes-Lima, P.H., Figueiredo, V.A.M.B., Reis, T.S., Cardoso,
N.M.C., Costa-Campos, C.E. (2018): Natural History Notes. Leptodactylus
pentadactylus (South American bull-frog). Diet. Herpetological Review 49(2):
305.

Santos, EM., Almeida, A.V. Vasconcelos, S.D. (2004): Feeding habits of six
anurans (Amphibia: Anura) species in a rainforest fragment in northeastern
Brazil. Iheringia, Série Zoologia 94(4): 433-438.

Silva e Silva, Y.B., Costa-Campos, C.E. (2018): Anuran species composition of
Cancdo Municipal Natural Park, Municipality of Serra do Navio, Amapa
state, Brazil. ZooKeys 762: 131-148.

Solé, M., Beckmann, O., Pelz, B., Kwet, A, Engels, W. (2005): Stomach-flushing
for diet analysis in anurans: an improved protocol evaluated in a case study

variation

in Araucaria forests, southern Brazil. Studies on Neotropical Fauna and
Environment 40: 23-28.
Sol¢, M., Dias, LR, Rodrigues, E.AS, Marciano-Jr, E., Branco, SM].,



Leptodactylus pentadactylus (Anura, Leptodactylidae) diet 189

Cavalcante, K.P., Rédder, D. (2009): Diet of Leptodactylus ocellatus (Anura: predation and cannibalism by Lepfodactylus macrosternum. Cuadernos de

Leptodactylidae) from a cacao plantation in southern Bahia, Brazil. Herpetologia 30(1): 25-27.

Herpetology Notes 2: 9-15. Toft, C.A. (1980): Feeding ecology of thirteen syntopic species of anurans in a
Solé, M., Dias, 1.D., Rodrigues, E.A.S., Marciano-Jr, E., Branco, S.M.J., Rédder, D. seasonal tropical environment. Oecologia 45: 131-141.

(2019): Diet of Leptodactylus spixi (Anura: Leptodactylidae) from a cacao Toft, C.A. (1981): Feeding ecology of Panamanian litter anurans: patterns in diet

plantation in southern Bahia, Brazil. North-Western Journal of Zoology 15: and foraging mode. Journal of Herpetology 15: 139-144.

62-66. Zar, ].H. (2010): Biostatistical Analysis. Five Edition. Upsaddler Road, Prentice
Sousa, J.C., Baia, RRJ.,, Costa-Campos, C.E. (2016): Rhinella major (Anura: Hall.

Bufonidae) and Leptodactylus macrosternum (Anura: Leptodactylidae):




