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This study describes the diet of Melanophryniscus
devincenzii based on the analysis of stomach contents
of 46 specimens from the Parque Municipal de Sertao,
south Brazil. We found 935 items belonging to 33 prey
categories (excluding plant material). The most important
prey categories were Acari, ants (subfamilies Myrmicinae
and Ponerinae) and beetles (mainly Polyphaga). These
taxonomic categories showed the highest percentage by
volume (Acari: 3.94%, Myrmicinae: 16.32%, Ponerinae:
12.17%, undetermined Polyphaga: 13.83%) and the highest
index of relative importance (5810.05; 1871.06; 756.47 and
784.57, respectively). The rarefaction curves indicated that
females have richer diets than males. According to dietary
composition, M. devincenzii may be considered a specialist
species, as expected for an active forager.
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he genus Melanophryniscus is widespread in Brazil

and Bolivia, Paraguay, Uruguay and north Argentina
(Kwet et al., 2005). To date, 25 species are known,
belonging to three phylogenetic groups: stelzneri,
tumifrons and moreirae (Cruz & Caramaschi, 2003;
Frost, 2011). Melanophryniscus devincenzii is included
in the tumifrons group, which comprises eight species
with distributions in Paraguay, Argentina and Brazil
(Caramaschi & Cruz, 2002; Brusquetti & Lavilla, 2006).
It is known from localities in Argentina, Paraguay and
Uruguay (Maneyro & Carreira, 2012), as well as from Rio
Grande do Sul, Brazil (Zanella et al., 2007).

In amphibians, diets are usually related to prey
availability in the environment (Duellman & Trueb,
1994), largely consisting of arthropods, molluscs and
occasionally small vertebrates (Diaz-Pdez & Ortiz, 2003;
Maneyro et al., 2004). Prey selection can be influenced by
intrinsic factors such as demand for nutrients at different
life stages (ontogeny), or by extrinsic factors such as
abundance of food and/or presence of competitors

(Duellman & Trueb, 1994). Therefore, knowing the
food habits of amphibians is one of the priorities for
understanding their natural history, life cycles and
population fluctuations (Wells, 1978).

Although the genus Melanophryniscus currently
receives significant conservation attention (see Maneyro
& Angulo, 2009; Silvano & Garcia, 2010) we have only
limited knowledge about the diet of individual species
(but see Bokermann, 1967; Felipello & Crespo, 1994;
Mebs etal., 2005; Bonansea & Vaira, 2007). The aim of the
present study is to determine the diet of M. devincenzii
on the basis of the relative importance of prey types, to
evaluate the relationship between predator size and prey
size, and to describe possible sex-related differences in
diet.

The study was carried out in the Parque Municipal
de Sertdo (28°02°31°S, 52°13°28°W), located in the
municipality of Sertdo, north of Rio Grande do Sul, Brazil.
Specimens were captured in December 2010 at night
(n=46), weighed, and measured for snout vent length
(SVL), head width (HW), and jaw width (JW). Immediately
after capture, stomach contents were extracted by
stomach flushing. Stomach contents were analyzed
in the laboratory with a binocular microscope (Solé et
al., 2005). Each prey item was identified to the lowest
possible taxonomic level (order and family). The volume
(V) of each prey was calculated using the formula for an
ellipsoid: V=4/3r(L/2)(W/2)?), where L is the maximum
length and W the maximum width. For fragmented
prey that could be identified, the length was estimated
using regression equations (for example ants: Y=4.75
X-0.62, where X is head width; see Hirai & Matsui, 2001).
Trophic diversity was analyzed for the whole sample, and
for males and females separately with the standardized
Shannon-Weaver indexJ=H/log(s), where H=3[p.*log(p )],
p, is the proportion of type of prey i in a sample, and s is
the total number of prey items. Rarefaction curves were
plotted to compare the expected richness of food items
consumed by males and females (Magurran, 1988). The
index of relative importance (Pinkas et al., 1971) was
calculated as: IRI= %FO*(%V+%N), where %FO is the
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percentage of occurrence (number of stomachs that have
the same type of prey/total number of stomachs*100),
%V is the volumetric percentage (total volume of prey i/
total volume*100) and %N is the numerical percentage
(number of individuals of prey i/total number of
prey*100).

Of 46 M. devincenzii (8 females and 38 males), 34
(73.9%) had content in their stomachs (8 females and 26
males). A large number of arthropods (n=935) belonging
to 33 different taxonomic categories were found (Table
1). The mean volume of prey per stomach was X =
8.5%£13.23 mm? (minimum of 0.02 and maximum of 48.94
mm?3). Acari, Myrmicinae, Ponerinae and Polyphaga
showed the highest frequency (FO=91.17%; FO=61.76%;
FO=41.18% and FO=44.12% respectively). Moreover,
these four taxa had the highest volumetric percentage
(Acari V=13.94%; Myrmicinae V=16.32%; Ponerinae
V=12.17% and Polyphaga V=13.83%) and the highest
index of relative importance (IRI=5,810.05; IRI=1,871.6;
IRI=756.47; IRI=784.57, respectively; Table 1).

The general diversity of prey was J=0.79 (J=0.80 for
females and J=0.76 for males). The rarefaction curves
indicated that females have a higher trophic diversity
than males (Fig. 1). A significant relationship was found
between SVL and HW (F=16.4; p=0.0004), SVL and mean
length of the prey (F=11.4623; p=0.0019), as well as JW
and mean length of the prey (F=8.8; p=0.005). However,
SVL did not show a significant relationship with minimum
(p=0.660) and maximum prey length (p=0.5914). Males
consumed a higher number of prey items than females
(males: X =22.68+73.39; females: X =4.02+11.39)
(t=1.75; p=0.04).

Females (SVL X =25.84+2.76 mm; 32.53-23.07 mm)
were significantly larger than males (SVL =23.33+1.15
mm; 27.39-17.70 mm; t=2.5; P=0.02). Mean length of
prey items differed significantly between sexes (males:
X =1.22+0.44; females: X =1.84+0.38) (t=2.04; P=0.03).

Many authors consider bufonid toads as specialists
that feed on ants (Toft, 1980; Da Rosa et al., 2002),
while some regard them as generalists as demonstrated
by the number and type of food items consumed
(Duellman & Trueb, 1994; Sabagh & Carvalho-e-Silva,
2008). High plasticity among bufonid species has also
been demonstrated (for example Rhinella gr. granulosa
changes the composition of its diet according to season:

Richness

0 20 40 60 80 100 120 140
Abundance

FEMALES ——MALES

Fig. 1. Rarefaction curve for the richness of the diet
of Melanophryniscus devincenzii males and females
captured in Sertdo, Rio Grande do Sul, Brazil.
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Da Rosa et al., 2002). Bokermann (1967) observed that
Formicidae, Orbatidae and Coleoptera are the main food
items in the diet of M. moreirae (FO: 94%, 66% and 35%,
respectively). Filipello & Crespo (1994) obtained similar
results for M. stelzneri, with a higher occurrence of ants,
mites, and beetles (92%, 70% and 65%, respectively).
Although Bonansea & Vaira (2007) found geographic
variability in the diet of M. rubriventris, the three groups
of arthropods mentioned above are almost always the
dominant prey.

Beetles and ants play the most important role in the
diet of anurans (Clarke, 1974). Data from this study
corroborate, in part, the results found by other studies.
The large quantities of mites in the diet of M. devincenzii
may have been due to opportunistic feeding on items
abundant in the environment. Also, dendrobatids
consume a large number of mites (Cajade et al., 2010;
Staudt et al., 2010) which have been identified as a
source of alkaloids (Takada et al., 2005; Saporito et al.,
2007), and ants may be associated with toxins produced
by mantellids (Clark et al., 2005; Mebs et al., 2010). The
diet of M. devincenzii may also be a potential source of
the pumiliotoxins described for this species (Mebs et al.,
2005; 2007).

Additionally, plant parts were found in the stomachs,
but were not quantified in the present study. Guiurca
& Zaharia (2005) found that 29.82% of the stomachs of
Bombina variegata contained plant remains, suggesting
accidental consumption. Anderson et al. (1999)
considered that the ingestion of plant material aids in
the elimination of intestinal parasites, in addition to
contributing nutritionally and acting as an additional
water resource to avoid dehydration. The presence of
plant remains in the stomachs of M. devincenzii was
considered accidental. Bufonids are known as active
foragers (Duellman & Trueb, 1994), consuming large
amounts of small and less mobile prey, which was also
observed for M. devincenzii (Maragno & Souza, 2011).

Studiesonintersexual differencesinthe diet of anurans
are scarce, due to the difficulty in capturing females of
many species (Lopez et al., 2009). Melanophryniscus
devincenzii females had a higher diversity of food
items, and ate bigger and fewer prey items than males,
suggesting a possible tendency towards specialization.
When large prey is scarce, females feed on food items
such as ants. Studies on Rana arvalis also showed
that the food items of males and females differ in
their composition (Sas et al., 2005), and Maneyro et
al. (2004) also observed that the diet of Leptodactylus
latrans females is more diverse than that of males. The
diet of juveniles, adult males and females of Litoria
nannotis further showed significant differences in
numerical composition, size, and selectivity of preys
(Hodgkison & Hero, 2003). Active predators feed mainly
on small and slow animals, especially those that can
be captured from aggregations such as nests of ants
and termites (Dietl et al., 2009). The variation in the
diet of male and female anurans may reflect different
requirements of each sex (Donnelly, 1991; Maneyro et
al., 2004) or different foraging strategies (Brasileiro et
al., 2010), since males need more energy for vocalization
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and territory defence (Woolbright, 1982; Taigen & Wells,
1985), while females need energy for egg production
(Gilbert, 2005; Maneyro & Kwet, 2008).

A proportionally higher number of Acari,
Hymenoptera-Formicidae and Coleoptera in the diet
of M. devincenzii resulted in a narrow prey niche and a
low diversity index, which reflects a strategy of active
foraging. In comparison, Ophaga pumilio presented a
diversity of 0.47 and Dendrobates auratus a diversity of
0.36 (values recalculated to the level of order from Cajade
et al.,, 2010). Standardized Shannon-Weaver index values
vary depending on whether prey items are identified
to order or to family level, which in the present study
would lead to an enlarged niche (J=0.79). Different sizes
of prey in the diet may be related to ontogenetic factors
(Strissman et al., 1984; Lima & Moreira, 1993; Maneyro
et al., 2004; Rodrigues et al., 2004); as organisms grow,
they can eat larger prey (Hodgkison & Hero, 2003). The
size of the head determines the maximum size of prey
that can be eaten (Duellman & Trueb, 1994).

Acknowledgements: We acknowledge the permits
granted by the municipality of Sertdo and the
Universidade de Passo Fundo for the logistical support.
We are indebted to the students of the Biological
Sciences Program and with the Laboratory of Herpetology
for their help during fieldwork. Dr. Zulema Coppes
has helped us to improve the English version of the
manuscript. FAC and RM acknowledge CSIC and
ANII, respectively, for partial financial support and,
NZ to Instituto Chico Mendes de Conservagdao da
Biodiversidade/Sistema de Autorizag¢do e Informagdo em
Biodiversidade (ICMBio/SISBIO) for the licence granted.

REFERENCES

Anderson, A.M., Haukos, D.A. & Anderson J. (1999). Diet
composition of three Anurans from the playa Wetlands of
Northweast Texas. Copeia 2, 515-520.

Bokermann, W.C.A. (1967). Observagdes sobre
Melanophryniscus moreirae (Mir. Rib.) (Amphibia-
Brachycephalidae). Anais da Academia Brasileira de
Ciéncias 2, 301-306.

Bonansea, M.I. & Vaira, M. (2007). Geographic variation of the
diet of Melanophryniscus rubriventris (Anura: Bufonidae)
in Northwestern Argentina. Journal of Herpetology 41,
231-236.

Brasileiro, C.A., Martins, M. & Sazima, . (2010). Feeding ecology
of Thoropa taophora (Anura: Cycloramphidae) on a rocky
seashore in southeastern Brazil. South American Journal of
Herpetology 5, 181-188.

Brusquetti, F. & Lavilla E.O. (2006). Lista comentada de los
anfibios de Paraguay. Cuadernos de Herpetologia 2, 1-79.

Cajade, R., Schaefer E.F., Duré, M.l. & Kehr, A.l. (2010).
Trophic and microhabitat niche overlap in two sympatric
dendrobatids from La Selva, Costa Rica. Cuadernos de
Herpetologia 2, 81-92.

Caramaschi, U. & Cruz. C.A.G. (2002). Taxonomic status of
Atelopus pachyrhynus Miranda-Ribeiro, 1920, redescription
of Melanophryniscus tumifrons (Boulenger, 1905), and
descriptions of two new species of Melanophryniscus

118

from the State of Santa Catarina, Brazil (Amphibia, Anura,
Bufonidae). Arquivos do Museu Nacional 60, 303—-314.

Clark, V.C., Raxworthy, C.J., Rakotomalala, V., Sierwald, P.
& Fisher, B.L. (2005). Convergent evolution of chemical
defense in poison frogs and arthropod prey between
Madagascar and the neotropics. Proceedings of the
National Academy of Sciences 102, 11617-11622.

Clarke, R.D. (1974). Food habitats of toads, genus Bufo
(Amphibia: Bufonidae). America Midland Naturalist 91,
140-147.

Cruz, C.A.G. & Caramaschi, U. (2003). Taxonomic status of
Melanophryniscus stelzneri dorsalis (Mertens, 1933) and
Melanophryniscus stelzneri fulvoguttatus (Mertens, 1937)
(Amphibia, Anura, Bufonidae). Boletim do Museu Nacional
500, 1-11.

Da Rosa, I., Canavero, A., Maneyro, R., Naya, D.E. & Camargo,
A. (2002). Diet of four Sympatric Anuran species in a
temperate environment. Boletin de la Sociedad Zooldgica
del Uruguay 13, 12-20.

Diaz-Paez, H. & Ortiz, J.C. (2003). Habitos alimentarios de
Pleurodema thaul (Anura, Leptodactylidae), en Concepcion,
Chile. Gayana 67, 25-32.

Dietl, J., Engels, W. & Solé, M. (2009). Diet and feeding
behaviour of the leaf-litter frog Ischnocnema henselii
(Anura:Brachycephalidae) in Araucaria rain forests on the
Serra Geral of Rio Grande do Sul, Brazil. Journal of Natural
History 23-24, 1473-1483.

Donnelly, M.A. (1991). Feeding patterns of the strawberry
poison frog, Dendrobates pumilio (Anura: Dendrobatidae).
Copeia 1991, 723-730.

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

Filipello, A.M. & Crespo, F.A. (1994). Alimentacién en
Melanophryniscus stelzneri (Anura: Bufonidae). Cuadernos
de Herpetologia 8, 18-24.

Frost, D.R. (2011). Amphibian Species of the World: an Online
Reference. Version 5.5. Electronic Database accessible
at http://research.amnh.org/vz/herpetology/amphibia/
American Museum of Natural History, New York, USA.
Accessed on 30 January 2012.

Guiurca, D. & Zaharia, L. (2005). Data regarding the trophic
spectrum of some population of Bombina variegata from
Bacau conty. North-Western Journal of Zoology 1, 15-24.

Gilbert, S.F. (2005). Developmental Biology. Massachusetts:
Sinauer Associates Inc. Publishers.

Hirai, T. & Matsui, M. (2001). Attempts to estimate the original
size of partly digested prey recovered from stomachs of
japanese anurans. Herpetological Review 32, 14-16.

Hodgkison, S. & Hero, J.M. (2003). Seasonal, sexual and
ontogenetic variations in the diet of ‘declining’ frogs Litoria
nannotis, Litoria rheocola and Nyctimistes dayi. Wildlife
Research 30, 345-354.

Kwet, A., Maneyro, R., Zillikens, A. & Mebs, D. (2005).
Advertisement calls of Melanophryniscus dorsalis (Mertens,
1933) and M. montevidensis (Philippi, 1902), two parapatric
species from southern Brazil and Uruguay, with comments

on morphological variation in the Melanophryniscus
stelzneri group (Anura: Bufonidae). Salamandra 41, 3—-20.
Lima, A.P. & Moreira, G. (1993). Effects of prey size and
foraging mode on the ontogenic change in feeding niche
of Colostethus stepheni (Anura: Dendrobatidae). Eocologia


http://research.amnh.org/vz/herpetology/amphibia/

1, 93-102.

Lopez, J.A., Scarabotti, P.A., Medrano, M.C. & Ghirardi, R.
(2009). Is the red spotted green frog Hypsiboas punctatus
(Anura: Hylidae) selecting its preys? The importance of prey
availability. Revista de Biologia Tropical 3, 847-857.

Magurran, A.E. (1988). Ecological Diversity and its
Measurement, Princeton: Princeton University Press.

Maneyro, R. & Angulo, A. (2009). Melanophryniscus langonei.
In ITUCN 2012. IUCN Red List of Threatened Species.
Version 2012.2. <www.iucnredlist.org>. Downloaded on 06
December 2012.

Maneyro, R. & Carreira, S. (2012). Guia de Anfibios del Uruguay.
Ediciones de la Fuga. Montevideo. 207 pp.

Maneyro, R. & Kwet, A. (2008). Amphibians in the border
region between Uruguay and Brazil: updated species list
with comments on taxonomy and natural history (Part I:
Bufonidae). Stuttgarter Beitrége zur Naturkunde 1,95-121.

Maneyro, R., Naya, D.E., Da Rosa, |., Canavero, A. & Camargo,
A. (2004). Diet of the South American frog Leptodactylus
ocellatus (Anura, Leptodactylidae) in Uruguay. lheringia 94,
57-61.

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 Biodiversidad
82, 874-886.

Mebs, D., Pogoda, W., Maneyro, R. & Kwet, A. (2005). Studies on
the poisonous skin secretion of individual red bellied toads,
Melanophryniscus montevidensis (Anura, Bufonidae), from
Uruguay. Toxicon 1, 641-650.

Mebs, D., Maneyro, R. & Pogoda, W. (2007). Further studies
on the pumiliotoxin 251D and hydroquinone content of
the skin secretion of Melanophryniscus species (Anura,
Bufonidae) from Uruguay. Toxicon 50, 166—169.

Mebs, D., Jansen, M., Kohler, G., Pogoda, W. & Kauert, G.
(2010). Myrmecophagy and alkaloid sequestration in
amphibians: a study on Ameerega picta (Dendrobatidae)
and Elachistocleis sp. (Microhylidae ) frogs. Salamandra 1,
11-15.

Pinkas, L., Oliphant, M.S. & lIverson, Z.L. (1971). Food habits
of albacore bluefin, tuna and bonito in California waters.
California Department of Fish and Game Bulletin, La Jolla
152, 1-350.

Rodrigues, D.J., Uetanabaro, M. & Prado, C.P.A. (2004).
Seasonal and ontogenic variation in diet composition of
Leptodactylus podicipinus (Anura, Leptodactylidae) in the
southern Pantanal, Brazil. Revista Espafiola de Herpetologia
18, 19-28.

Sabagh, LT. & Carvalho-e-Silva, A.M.PT. (2008). Feeding overlap
in two sympatric species of Rhinella (Anura: Bufonidae) of

Diet of Melanophryniscus devincenzii

119

the Atlantic Rain Forest. Revista Brasileira de Zoologia 2,
247-253.

Saporito, R.A., Donnelly, M.A., Norton, R., Garraffo, H.M.,
Spande, T.F. & Daly, J.W. (2007). Oribatid mites as a new and
significant source of alkaloids in poison frogs. Proceedings
of the National Academy of Sciences 104, 8885—-8090.

Sas, |., Covaciu-Marcoy, S.D., Cupsa, D., Cicort-Lucaciu, A.S. &
Antal B. (2005). Food habits of Rana lessonae and Rana
arvalis in Covasna County (Romania). Environment &
Progress 4, 359-365.

Silvano, D. & Garcia, P. (2010). Melanophryniscus
macrogranulosus. In: ITUCN 2012. IUCN Red List of
Threatened Species. Version 2012.2. <www.iucnredlist.
org>. Downloaded on 06 December 2012.

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 in Araucaria
forests, southern Brazil. Studies on Neotropical Fauna and
Environment 40, 23-28.

Staudt, K., Meneses-Ospina, S., Mebs, D. & Prohl, H. (2010).
Foraging behaviour and territoriality of the strawberry
poison frog (Oophaga pumilio) in dependence of the
presence of ants. Amphibia-Reptilia 31, 217-227.

Strissmann, C., Vale, M.B.R., Meneghini, M.H. & Magnusson,
W.E. (1984). Diet and foraging mode of Bufo marinus and
Leptodactylus ocellatus. Journal of Herpetology 18, 138—
146.

Taigen, T. & Wells, K. (1985). Energetics of vocalization by an
anuran amphibian (Hyla versicolor). Journal of Comparative
Physiology B: Biochemical, Systemic, and Environmental
Physiology 2, 163—-170.

Takada, W., Sakata, T., Shimano, S., Enami, Y., Mori, N., Nishida,
R. & Kuwahara, Y. (2005). Scheloribatid mites as the source
of pumiliotoxins in dendrobatid frogs. Journal of Chemical
Ecology 31, 2403-2415.

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

Wells, K.D. (1978). Territoriality in the green frog (Rana
clamitans): Vocalizations and agonistic behavior. Animal
Behaviour 26, 1051-1063.

Woolbright, I.1. (1982). Sexual selection and size dimorphism in
anuran amphibia. American Naturalist 1, 115—-199.

Zanella, N., Busin, C.S., Giusti, A. & Crestani, L. (2007). Amphibia,
Anura, Bufonidae, Melanophryniscus devincenzii: First
record for Brazil, Check List 3, 2.

Accepted: 7 January 2013


http://www.iucnredlist.org
http://www.iucnredlist

