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Abstract

The understanding of feeding habits is important for anurans in general, both from an ecological and a phylogenetic
perspective. For diurnal poison frogs belonging to the Dendrobatidae family, diet aspects play a crucial role in their
defense and survival. Herein, we investigated feeding habits, foraging behaviour, and overall effects of habitat, sex,
and body size on the diet of individuals of Ameerega braccata, a poorly known dendrobatid species. Specimens were
observed and collected in the type-locality, Chapada dos Guimardes, and in the neighbouring municipality of Cuiabd,
both in the State of Mato Grosso, Midwestern Brazil. The most important prey categories for A. braccata were
Formicidae, Isoptera, and Acari, whose representatives were caught during active foraging. Individuals from Chapada
dos Guimaraes population consumed more Acari but fewer Isoptera than individuals from Cuiaba. Despite this, niche
breadth values were narrow and similar for the two populations. Individuals from two distinct habitats (campo sujo and
cerrado stricto sensu) showed differences in their diet, probably as an effect of differential prey availability. Females
consumed more Isoptera than males. The number of prey categories used as food was not influenced by the variation of
body size of the target species. However, the abundance and the volume of consumed Acari were statistically correlated
with body size. The main results suggest that Ameerega braccata has a narrow niche breadth, as well as a specialised
diet in ants, termites, and mites, which reinforces the hypotheses of close association between Acari consumption and
the presence of skin toxic alkaloids, already found in other species of Dendrobatidae. Although differences in prey
consumption between sexes are uncommon among poisonous frogs, differences in the diet composition between age
classes, which probably reduce intraspecific competition, are frequently reported.
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Dieta de Ameerega braccata (Steindachner, 1864) (Anura: Dendrobatidae)
de Chapada dos Guimariaes e Cuiaba, Estado do Mato Grosso, Brasil

Resumo

A compreensao de hdbitos alimentares € de relevancia ecoldgica e filogenética para espécies de anuros em geral. Para
sapos diurnos da familia Dendrobatidae, aspectos da dieta exercem papel crucial na defesa e, consequentemente, na
sobrevivéncia. No presente trabalho, investigamos a composi¢do alimentar, comportamento de obtencdo de presas, o
efeito do tipo de habitat, sexo e tamanho do corpo sobre a dieta de individuos de Ameerega braccata, uma espécie da
familia Dendrobatidae ainda pouco conhecida. Os espécimes foram observados e coletados na localidade tipo, Chapada
dos Guimardes e em Cuiabd, Mato Grosso, centro-oeste do Brasil. As categorias de presas mais importantes nos
estdmagos de A. braccata foram Formicidae, Isoptera e Acari, cujos representantes foram capturados por forrageamento
ativo. Os individuos da populagdo de Chapada dos Guimardes consumiram mais Acari € menos Isoptera do que os
individuos da populacdo de Cuiabd, mas os valores de amplitude de nicho foram estreitos e similares entre as duas
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populacdes. Individuos de diferentes tipos de habitat (campo sujo e cerrado stricto sensu) apresentaram diferencas
na dieta, como um provavel efeito da distinta disponibilidade de presas em cada um dos habitat. Fémeas consomem
mais [soptera do que os machos. A variagdo no tamanho do corpo nao exerce efeito sobre o nimero de categorias de
presas consumidas. Abundancia e volume de dcaros consumidos sdo significativamente relacionados com o tamanho
do corpo dos individuos. Os principais resultados sugerem que Ameerega braccata tem estreita amplitude de nicho e
dieta especializada em formigas, cupins e dcaros, corroborando a ideia de associac@o entre este tltimo item e a presenca
de alcaloides na pele de espécies da familia Dendrobatidae. Poucos autores encontraram diferencas entre sexos no
consumo de presas por anuros. Diferencas na composicio da dieta entre jovens e adultos, entretanto, sdo frequentes e
podem ser consideradas uma caracteristica conservativa, que impede a competi¢@o intraespecifica entre classes etdrias.

Palavras-chave: Ameerega braccata, largura de nicho, Anura, Dendrobatidae, dieta.

1. Introduction

Aspects of feeding habits of amphibians have been
intensively studied (e.g., Striissmann et al., 1984; Lima and
Magnusson, 1998; Lima, 1998; Van Sluys and Rocha, 1998;
Van Sluys et al., 2001; Lima et al., 2002; Vaz-Silva et al.,
2005; Jordao-Nogueira et al., 2006; Siqueira et al., 2006;
Almeida-Gomes et al., 2007a,b), which is certainly
related to the outstanding trophic role played by these
organisms in many ecological systems. The majority of
amphibian species is considered generalist regarding diet,
and opportunistic regarding prey selection (Duellman and
Trueb, 1994; Teixeira and Coutinho, 2002; Santos et al.,
2004). Therefore, for the majority of species, the spectrum
of dietary items is wide, and reflects the availability of prey
items in the environment (Giaretta et al., 1998; Santos et al.,
2004). However, many other features may influence prey
consumption, such as foraging strategies (wide foraging
versus ambush predation), spatial and temporal variations,
sex, ontogeny, and body size (Striissmann et al., 1984;
Biavati et al., 2004).

The Dendrobatidae family includes 169 recognised
species of mainly diurnal anurans distributed on the
Amazonian rain forest (Frost, 2009). These frogs are
poisonous, have specialised diets, mainly composed of
ants, termites, and mites (Toft, 1980; Caldwell, 1996;
Lima et al., 2002; Santos et al., 2003; Biavati et al.,
2004), and are species are characterised by their bright
colouration and potent skin toxins (Lotters et al., 2000).
In many species of dendrobatids, a close association has
been found between selected prey items and such skin
toxic substances, suggesting that they are sequestered from
diet (e.g., Dumbacher et al., 2004; Mortari et al., 2004;
Takada et al., 2005. See also Darst et al., 2005).

Ameerega braccata (Steindachner, 1864) is a colorful
dendrobatid distributed in the savannah-like Cerrado
ecosystem from Central and Midwestern Brazil, where
it is known from localities in the States of Mato Grosso,
Mato Grosso do Sul, and Goias (Frost, 2009). A few
aspects of the natural history of this species have already
been addressed (Haddad and Martins, 1994; Forti et al.,
2010).

The present study aims to investigate some aspects of the
diet of A. braccata in its natural environment, specifically:
1)- What are the most important dietary items for Ameerega
braccata from Chapada dos Guimardes (type-locality) and

Cuiabd, Midwestern Brazil? 2) Is this a specialised or a
generalised species regarding prey selection? 3) What
feeding strategies are employed in prey capture? 4) Are
there any effects of habitat type, sex, and body size on the
diet of A. braccata?

2. Material and Methods

2.1. Study area

The field work was conducted in two localities, only
9 km away from one another, but situated in two distinct
municipalities from the State of Mato Grosso, Midwestern
Brazil: Chapada dos Guimaries (approximately 15° 24 S
and 55° 50 W; 650 m a.s.1.) - the type-locality of the species,
and Cuiabd (approximately 15° 20’ S and 55° 53 W;
250 m a.s.l.). Data collection occurred in the wet season,
from October 2007 to March 2008. Forty-four individuals
were found in two open physiognomies of the Cerrado
ecosystem (Figure 1): campo sujo, mainly composed of
grasses and sparse tall shrubs, and cerrado stricto sensu,
where small trees are sparsely present in the landscape. For
a more detailed description of the sampled physiognomies
see Conceicao (2000).

The annual mean precipitation in Chapada dos Guimarées
ranges from 1,800 to 2,000 mm, and the mean temperature,
from 22.8 °C in July, to 27.2 °C, in October (Pinto and
Hay, 2005). In Cuiaba, the climate is nearly the same as
in Chapada, semi-humid (Aw in K6ppen’s classification,
see Nimer, 1979), with two well defined seasons: a
cold and dry season (from April to September), and a
warm and wet season, from October to March each year
(Diniz et al., 2008), with a mean temperature of 25 °C
(Schreiner et al., 2009).

2.2. Data collection

Feeding strategies, location, and the period of feeding
of individuals of Ameerega braccata were observed during
100 hours by using focal animal method (Altmann, 1974).
Dietary items from the stomachs of 44 individuals (28
from Cuiabd collected in cerrado stricto sensu and 16 from
Chapada dos Guimaries, of with 14 collected in cerrado
campo sujo and other two, in cerrado stricto sensu) were
removed and analysed in the Herpetological Laboratory
at Universidade Federal do Mato Grosso, Cuiaba, Brazil.
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Figure 1. General aspect of two distinct habitats in which
individuals of the anuran Ameerega braccata were studied
in Midwestern Brazil: a) campo sujo; and b) cerrado stricto
sensu.

All individuals were euthanised immediately after being
captured, by using standard protocols (Calleffo, 2002).
Dietary items were identified until order and family
level, whenever possible. Snout-vent length (SVL) of all
anurans was measured to the nearest 0.01 mm by using
a digital caliper (BTS®). The sex of individual frogs was
obtained either in the field (only for calling males) or in the
laboratory (by gonad inspection after dissection). Animals
were collected under IBAMA permit number 2075225,
and are presently housed in the Cole¢do Zoologica da
Universidade Federal de Mato Grosso (UFMT), Cuiaba,
Brazil, under the accession numbers UFMT 7695, 7696,
7698-7713, 7729-7735, 7749, 7751-7757, 7775-7785.

2.3. Data analyses

To describe the representativeness of the main prey
items consumed by individuals of A. braccata from the two
populations examined, each prey category was analysed
regarding its total frequency (F), relative frequency (F%),
total abundance (N), relative abundance (N%), total volume
(V), relative volume (V %), and importance index (I). We
also calculated the numeric mean (NM) and volumetric
mean (VM) of each prey category in each individual
stomach examined.
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The volume (in mm?) of each single prey item was
estimated by using the ellipsoid formula (V=4/3 x ® x
W?/4 x L/2, where L = prey width, and C = prey length,
both measurements in mm, by using a digital caliper). A
fragmented prey was counted only when a corresponding
head was found. Width and length of fragmented prey
were estimated based on intact specimens of the same
kind of prey.

The importance index of each prey category was calculated
by means of the formula: I = (F%+N%+V %)/3.

To correct for sample size the number of prey categories
consumed by the two populations for sample size, a
rarefaction curve with 1000 aleatorizations was constructed
to each locality. The species richness of preys was computed
using the software EcoSim 7.0 (Gotelli and Entsminger,
2009).

Niche breadth (B) for each population was calculated
by using Levin’s measure (Krebs, 1998), expressed as
follows: B = 1/X, pi> where i is the resource category,
and p is the proportion of the resource category i. For the
standardisation of the obtained values between zero and
one, we employed the formula: B, =B —1/n—1, where B,
is the standardised niche breadth and # is the total number
of prey categories found in the stomachs (Krebs, 1998).

The abundance and volume of prey were log-transformed
and graphs were generated to evaluate if there were
differences in the diet composition between sexes in
A. braccata (valid just for Cuiabd population) and between
individuals occupying distinct habitats (campo sujo and
cerrado stricto sensu). To evaluate if body size affects the
variety of consumed prey, a linear regression was run,
using SVL as the explanatory variable and the number of
prey categories (taxa) as the response/dependent variable.
Regression analyses were also performed to evaluate
potential changes in the consumption of selected prey types
by frogs of distinct body sizes. This was done by plotting
SVL as the explanatory variable, and the abundance and
volume of the prey categories with higher importance
indexes as dependent variables.

3. Results

Males of Ameerega braccata foraged mainly after
the end of their calling session, both in the morning
(approximately between 7:30 AM and 9:00 AM) and
in the afternoon (approximately between 6:30 PM and
7:30 PM). Males were first sighted when still vocalizing,
perched in vegetation as described in Forti et al. (2010).
Just after having stopped to call, they jump to the ground
and begin to feed on the leaf litter. Seven females observed
while feeding also foraged on the leaf litter.

A total of 1,746 prey items, in 13 categories (12 orders
and one family), were found in the stomachs of Ameerega
braccata. We found a mean of 39.7 £ 40.6 items in
each stomach. Mean volume of prey by stomach was
105.52 £ 166.00 mm?®. Most frequent prey items were
Formicidae, Acari (most of them belonging to the family
Oribatidae), Coleoptera, Isoptera, and Hymenoptera. When
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considering all stomachs together, Formicidae was the most
abundant prey, followed by Isoptera and Acari. Regarding
the volume of the prey, Formicidae also surpassed other
prey types, being followed by Isoptera and Coleoptera.

The rarefaction estimative indicated that individuals
from Cuiabd consumed 12 types of prey categories and
those from Chapada dos Guimaréaes consumed 9 (Figure 2).
Nevertheless, Formicidae was the most consumed prey
category in the two populations. Individuals from Cuiaba
consumed more Isoptera than individuals from Chapada
dos Guimardes, which in turn consumed higher numbers
of Acari (Table 1 and 2).

Based in prey abundance in the stomachs of A. braccata,
niche breadth for the species was 1.729 (or 0.091, in
a standardised scale from zero to one) in Chapada dos
Guimaries, and 1.954 (or 0.080, in a standardised scale
from zero to one) in Cuiabd. When volumetric data of
prey were considered, niche breadth was 1.136 (or 0.017,
in a standardised scale from zero to one) in Chapada dos
Guimaries, and 1.946 (or 0.079, in a standardised scale
from zero to one), in Cuiaba.

Similarly to the comparison between populations, both
species composition and prey abundance slightly differed
in stomachs of individuals of A. braccata occupying
distinct habitats (Figure 3a, b). Formicidae was the main
prey category for individuals in both kinds of habitats.
However, individuals from cerrado stricto sensu consumed
more Isoptera than individuals from phytophysiognomies
of campo sujo, which in turn consumed more Acari.
Volumetrically, individuals living in cerrado stricto sensu
consumed higher volume of Isoptera, while individuals
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Figure 2. Rarefaction curves of prey categories consumed
by individuals of Ameerega bracatta from two localities: a)
Chapada dos Guimaries; and b) Cuiaba. The black solid line
is the accumulation curve; broken line represents the aver-
age, calculated after 1000 aleatorizations, while grey lines
represent deviation from average.

Table 1. Diet composition of Ameerega braccata from Cuiaba, Mato Grosso state, Midwestern Brazil. (n) number of ana-
lysed specimens; (F) total frequency; (%F) relative frequency; (N) total abundance; (%N) relative abundance; (NM) numeric
mean; (V) total volume; (% V) relative volume; (VM) volumetric mean; (I) importance index.

Prey groups Frequency Abundance Volume Importance
(n=28) (n=28) n=27)

F % F N % N NM V(mm’) %V VM 1
Acari 11 39.29 39 4.69 1.39%2.51 7.57 0.28 0.27 £0.80 14.75
Araneae 5 17.86 0.96 0.28+0.81 11.19 041 040£1.16 6.41
Chilopoda 2 7.14 024  0.07£0.26 4.13 0.15 0.15+£0.47 2.51
Coleoptera (both 11 39.29 16 1.93  0.57£0.88 58.86 2.14 2.10+4.76 14.45
larvae and adults)
Collembola 3 10.71 10 120 035£1.52 0.35 0.01 0.01 £0.06 3.98
Diplopoda 1 3.57 2 024 0.07£0.37 X X X X
Diptera (both larvae 4 14.29 048 0.14+£0.35 329  0.12 0.11+£0.37 4.96
and adults)
Formicidae (both 26 92.86 571 68.71 20.40£35.13  799.17 29.08 28.54+48.74 63.55
larvae and adults)
Hemiptera 3 10.71 6 0.72  0.21£0.78 2.77 0.10 0.10£0.52 3.85
Hymenoptera* 6 21.43 8 096  0.28£0.60 424  0.15 0.15+£0.55 7.52
Homoptera 3 10.71 4 048 0.14£045 57.13 2.08 2.04+6.41 442
Isoptera 16 57.14 159 19.13  5.67£11.38 1799.06 6546 64.25+159.58 47.25
Thysanoptera 2 7.14 2 0.24  0.07+£0.26 0.59 0.02 0.02+0.11 247

*Excepting Formicidae
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Table 2. Diet composition of Ameerega braccata from Chapada dos Guimaraes, Mato Grosso State, Midwestern Brazil.
(n) number of analysed specimens; (F) total frequency; (%F) relative frequency; (N) total abundance; (%N) relative abun-
dance; (NM) numeric mean; (V) total volume; (%V) relative volume; (VM) volumetric mean; (I) importance index.

Prey groups Frequency Abundance Volume Importance
(n=16) (n=16) (n=15)
F % F N % N NM Vmm®) %V VM 1

Acari 14 87.5 140 15.30 8.75+12.31 7.79 0.463 0.55+0.70 34.42
Araneae 5 31.25 5 0.55 0.31+0.47 6.44 0.383 0.46 £ 1.21 10.73
Coleoptera (both 8 50 20 2.19 1.25+£1.52 60.99 3.623 4.35+£6.90 18.60
larvae and adults)

Collembola 3 18.75 4 0.44 0.25+0.57 0.91 0.054 0.06 £0.20 6.41
Diptera (both larvae 2 12.5 2 0.22 0.12+0.34 7 0.416 0.5+1.87 4.38
and adults)

Formicidae (both 16 100 679 7421 42.43+3852 1577.96 93.735 112.71+117.43 89.31
larvae and adults)

Hymenoptera* 5 31.25 10 1.09 0.62+1.08 9.63 0.572 0.68 £ 1.75 10.97
Homoptera 1 6.25 1 0.11 0.06 £0.25 0.1 0.006 0.01 £0.02 2.12
Isoptera 3 18.75 54 5.90 3.37+12.45 12.6 0.748 0.90 +2.52 8.47

*Excepting Formicidae

in campo sujo consumed a higher volume of Formicidae
(Figure 3c, d).

Males and females differed regarding the abundance
of consumed prey (Figure 3e, f). Volumetrically, however,
stomachs of male frogs contained a higher volume of
Formicidae, thus differing from the females who consumed
a higher volume of Isoptera (Figure 3g, h).

The regression analysis between the number of prey
categories and body size of the frogs (SVL) was not
statistically significant (r* = 0.08, p > 0.05, F = 3.86,
N =42).

Regression analysis between abundance of each prey
category and SVL (Table 3), and between the volume of
each prey category and SVL (Table 4) were only significant
for Acari.

4. Discussion

Considering the relative high frequency, high abundance,
and high volume of Formicidae among prey categories
consumed by A. braccata, this frog species can be regarded as
an ant specialist. Toft (1980) proposed some generalizations
on the feeding habits of amphibians and characterised
two guilds: 1) the ant specialists, which tend to be active
foragers, poisonous, and prey on many small items in a
feeding session, and 2) the non ant specialists, ambushing
and cryptic predators, which consume a few big prey
each day. The first guild typically includes many species
of the family Dendrobatidae (Taigen and Pough, 1983;
Caldwell, 1996; Lima, 1998). Active foraging behavior
leads to a longer exposition time outside shelter and to
an increased risk of predation. This may explain why
species employing this feeding strategy are usually more
toxic, more colorful, or even more cryptic than ambushing
species (Toft, 1980).

Braz. J. Biol., 2011, vol. 71, no. 1, p. 189-196

Toxic substances present in living organisms have two
possible origins: 1) they are synthesised by the organism
itself (endogenous route), or 2) they are aquired from
items in the diet (exogenous route) (Darst et al., 2005).
Results from experiments in which dendrobatids were
maintained in enclosures (genera Ameerega, Dendrobates,
Oophaga and others) suggest and corroborate the idea
that toxic alkaloids are sequestered from some specific
prey (Daly et al., 1994). Although there is no biosynthetic
evidence in support to this hypothesis (Takada et al., 2005),
the specialised diet in ants recorded for many dendrobatids
has been considered associated both with the presence of
skin alkaloids and with aposematic coloration, as defensive
strategies (Caldwell, 1996; Darst et al., 2005).

Acari (mainly of the family Oribatidae, which according
Takada et al., 2005, may also contain alkaloids that can be
sequestered by predators) were also frequently found in
the stomachs of individuals of A. braccata. Volumetricaly,
however, Isoptera was the most relevant prey category.
Biavati et al. (2004) argumented that termites (Isoptera)
are energetically worthwhile, as they contain fewer
amounts of sclerotised material and higher levels of
carbohidrates than ants. This may explain why females
of A. braccata consumed a higher volume of Isoptera
than males, due to the higher energetic demands during
reproduction. Nevertheless, Biavati et al. (2004) did not
find any difference in the composition of the diet of males
and females of A. flavopicta.

Formicidae has been the main prey of Ameerega bracatta
at both study sites (Chapada dos Guimaraes and Cuiaba),
however, there was a relevant difference in composition of
prey between these two populations. In the present study,
diet comparisons between populations can be considered
quite equivalent to comparisons between habitats, due to
the prevalence of cerrado stricto sensu in Cuiabd, while
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Figure 3. Log-transformed prey abundance in the stomachs of 44 individuals of Ameerega braccata captured in a) cerrado
stricto sensu (N = 30) and b) campo sujo (N = 14); Log-transformed prey volume in 42 individuals of A. braccata from
¢) cerrado stricto sensu (N = 30) and d) campo sujo (N = 12); Log-transformed prey abundance from e) males (N = 29)
and f) females (N = 8) of A. braccata; Log-transformed prey volume from g) males (N = 27) and (H) females (N = 8) of
A. braccata. Abbreviations for prey categories: Acari (AC), Araneae (AR), Coleoptera (CO), Collembola (CL), Diptera (DI),
Formicidae (FO), Hemiptera (HE), Homoptera (HO), Hymenoptera (HY), Isoptera (IS).

individuals from Chapada dos Guimarées were collected
mainly in cerrado campo sujo.

Differences in the abundance and volume of prey
consumed by individuals of A. braccata living in distinct
habitats may be associated with the structural peculiarities
of each surveyed site, such as soil type, microclimate,
vegetation structure, which possibly influence the local
distribution and availability of prey. In Cerrado environments
of Central Brazil, Biavati et al. (2004) recorded Isoptera
as the main food for A. flavopicta, and also as the most

abundant prey items available in those habitats where the
frogs were obtained.

Niche breadth values found for Ameerega braccata
populations were relatively low and similar to values
reported for other dendrobatid species, such as A. bilinguis,
A. flavopicta, A. hahneli, A. parvula, A. petersi, A. picta,
A. trivittata, Dendrobates auratus, Oophaga pumilio and
Ranitomeya ventrimaculata (Biavati et al., 2004; Darst et al.,
2005; Toft, 1980). All these species consume a small
variety of prey, being usually specialised in consuming a

Braz. J. Biol., 2011, vol. 71, no. 1, p. 189-196
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Table 3. Results of linear regression analysis between abun-
dances of the seven prey categories with higher importance
indexes in the diet of Ameerega braccata from Chapada
dos Guimaraes and Cuiaba (Mato Grosso, Brazil), and the
snout-vent length of 42 individuals.

Prey Intercept F r? p
Acari 2387 47774 533  <0.01%*
Araneae 0.47 0.04 0.11 >0.05
Coleoptera 1.14 0.08 021  >0.05
Collembola 2.38 2.46 5.8 >0.05
Formicidae 29.9 0.0008 0 >0.05
Hymenoptera 0.67 0.11 0.28  >0.05
Isoptera -8.98 1.25 3.05 >0.05

Table 4. Results of linear regression analysis between
volume of the seven prey categories with higher importance
indexes in the diet of Ameerega braccata from Chapada
dos Guimaraes and Cuiaba (Mato Grosso, Brazil), and the
snout-vent length of 33 individuals.

Prey Intercept F r? p
Acari 277 5.21 13.66  <0.05*
Araneae 0.63 0.006 0.02  >0.05
Coleoptera -1.22 0.33 1.01  >0.05
Collembola 0.14 0.34 1.04  >0.05
Formicidae 42.63 0.04 0.13  >0.05
Hymenoptera 0.27 0.004 0.01  >0.05
Isoptera -15.07 0.12 0.37  >0.05

single group of arthropodes, such as Formicidae or Isoptera
(Biavati et al., 2004; Darst et al., 2005; Toft, 1980).

Although body size did not affect the number of
prey categories consumed by individuals of A. braccata,
smaller individuals of this frog tend to consume more
representatives of Acari than larger individuals. As Acari
may be the main cumulative source of toxic sequesterable
alkaloids, it should be worthwhile to the froglets to consume
higher proportions of this prey item, as early as possible.
However, a gradual decrease in the number and volume
of Acari ingested by individuals of Ameerega braccata,
as they increase in size, may be merely a reflex of the
growing capacity of the frogs to ingest bigger prey. Acari
are very small items, and consequently they are suitable
for the young metamorphs, which consume them in higher
proportions.

Changes in the kind and size of prey in relation to
body size were already reported for six anuran species
occuring in the leaflitter of an Amazonian tropical rainforest
(Lima, 1998). Another alternative hypothesis to explain
ontogenetic changes in the diet of anurans involves changes
in the spectrum of prey sizes available to predators of
distinct body sizes (Giaretta et al., 1998). Nevertheless,
dietary ontogenetic changes might prevent intraspecific
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competition for feeding resources between froglets and
adult individuals (Lima, 1998). However, additional studies
must be conducted to assess whether ontogenetic changes
in the diet are usual for anurans.

Acknowledgements — We thank Luiz Antdnio Solino, Taina
Dorado and Derek Ito for their help in the fieldwork, and
Taran Grant and Domingos de Jesus Rodrigues for suggestions
and critical reading of an early version of the manuscript. We
thank CAPES-PRODOC for financial support and Jodo Bosco
Cajueiro for providing logistic support for this work. We thank
Jenifer Dunlap for English editting.

References

ALMEIDA-GOMES, M., HATANO, FH., SLUYS, M. van.
and ROCHA, CFD., 2007a. Diet and microhabitat use by two
Hylodinae species (Anura: Cycloramphidae) living in sympatry
and syntopy in a Brazilian Atlantic rainforest area. lheringia.
Série Zoologia, vol. 97, no. 1, p. 27-30.

ALMEIDA-GOMES, M., SLUYS, M. van. and ROCHA, CFD.,
2007b. Ecological observations on the leaf-litter frog Adenomera
marmorata in an Atlantic rainforest area of southeastern Brazil.
Herpetological Journal, vol. 17, no. 2, p. 81-85.

ALTMANN, J., 1974. Observational study of behavior: Sampling
methods. Behavior, vol. 49, p. 227-265.

BIAVATI, GM., WIEDERHECKER, HC. and COLLI, GR.,
2004. Diet of Epipedobates flavopictus (Anura:Dendrobatidae)
in a Neotropical Savana. Journal of Herpetology, vol. 38, no. 4,
p. 510-518.

CALDWELL, JP., 1996. The evolution of myrmecophagy and

its correlates in poison frogs (family Dendrobatidae). Journal of

Zoology, vol. 240, p. 75-101.

CALLEFFO, MEV ., 2002. Anfibios. in AURICCHIO, P. and
SALOMAO, MG. (Eds.). Técnicas de coleta e preparagdo de
vertebrados para fins cientificos e diddticos. Sao Paulo: Instituto
Pau Brasil de Histdria Natural, p. 45-74.

CONCEICAO, PN, 2000. Os hébitats da drea de influéncia
do APM Manso. In ALHO, CJR. (Coord.). Fauna Silvestre da
regido do rio Manso, MT. 268 p. Brasilia: Edi¢des IBAMA,
Ministério do Meio Ambiente, Centrais Elétricas do Norte do
Brasil, p. 31-127.

DALY, JW., SECUNDA, SI., GARRAFFO, HM., SPANDE, TF.,
WISNIESKI, A. and COVER Jr., JF., 1994. An uptake system
for dietary alkaloids in poison frogs (Dendrobatidae). Toxicon,
vol. 32, p. 657-663.

DARST, CR., MENENDEZ-GUERRERO, PA., COLOMA, LA. and
CANNATELLA, DC., 2005. Evolution of dietary specialization and
chemical defense in poison frogs (Dendrobatidae): A comparative
analysis. The American Naturalist, vol. 165, no 1, p. 56-69.

DINIZ, GL., FONSECA, M. and CAMPELO Jr., JH., 2008.
Anélise harmonica do regime de precipitacdo em duas localidades
da baixada cuiabana. Biomatemdtica, vol. 18, p. 37-48.

DUELLMAN, WE. and TRUEB, L., 1994. Biology of amphibians.
2 ed. New York: MacGraw-Hill, 670 p.

DUMBACHER, JP., WAKO, A., DERRICKSON, SR., SAMUELSON,
A.,SPANDE, TF. and DALY, JW., 2004. Melyrid beetles (Choresine):
a putative source for the batrachotoxin alkaloids found in poison-

195



196

Forti, LR. et al.

dart frogs and toxic passerine birds. Proceedings of the National
Academy of Sciences U.S.A., vol. 101, p. 15857-15860.

FORTI, LR., STRUSSMANN, C. and MOTT, T. 2010. Acoustic
communication and vocalization microhabitat in Ameerega braccata
(Steindachner, 1864) (Anura, Dendrobatidae) from Midwestern
Brazil. Brazilian Journal of Biology, vol. 70, no.1, p. 211-216.

FROST, DR., 2009. Amphibian Species of the World: an Online
Reference. Version 5.0. New York, USA: American Museum of
Natural History. Electronic Database. Available from: <http://
research.amnh.org/herpetology/amphibia/index.php>. Access
in: 21 Nov. 2008.

GIARETTA, AA., ARAUJO, MS., MEDEIROS, HF. and FACURE,
KG., 1998. Food habits and ontogenetic diet shifts of the litter
dwelling frog Proceratophrys boiei (Wied). Revista Brasileira
de Zoologia, vol. 15, no. 2, p. 385-388.

GOTELLI, NJ. and ENTSMINGER, GL., 2009. EcoSim: Null
models software for ecology. Version 7.0. Jericho, USA: Acquired
Intelligence & Kesey-Bear. Electronic Database. Available from:
<http://garyentsminger.com/ecosim.htm>.

HADDAD, CFB. and MARTINS, M., 1994. Four species of Brazilian
poison frogs related to Epipedobates pictus (Dendrobatidae):
Taxonomy and Natural history observations. Herpetologica,
vol. 50, no. 3, p. 282-295.

JORDAO-NOGUEIRA, T., VRCIBRADIC, D., PONTES, JAL.,
SLUYS, M. van and ROCHA, CFD., 2006. Natural history traits of
Crossodactylus aeneus (Anura, Leptodactylidae, Hylodinae) from
an Atlantic Forest area in Rio de Janeiro State, Southeastern Brazil.
South American Journal of Herpetology, vol. 1, no. 1, p. 37-41.

KREBS, CJ., 1998. Ecological methodology. 2 ed. Menlo Park,
USA: Addison-Wesley Longman, 620 p.

LIMA, AB., CALDWELL, JP. and BIAVATI, GM., 2002. Territorial
and reproductive behavior of an Amazonian Dendrobatid frog,
Colostethus caeruleodactylus. Copeia, no. 1, p. 44-51.

LIMA, AP. and MAGNUSSON, W., 1998. Partitioning seasonal
time: interactions among size, foraging activity and diet in leaf-
litter frogs. Oecologia, vol. 116, no. 1-2, p. 259-266.

LIMA, AP., 1998. The effects of size on the diets of six sympatric
species of postmetamorphic litter anurans in central Amazonia.
Journal of Herpetology, vol. 32, no. 3, p. 392-399.

LOTTERS, S., JUNGFER, KH. and WIDMER, A., 2000. A new
genus of aposematic poison frog (Amphibia: Anura: Dendrobatidae)
from the upper Amazon basin, with notes on its reproductive
behaviour and tadpole morphology. Jahreshefte der Gesellschaft
fiir Naturkunde in Wiirttemberg, vol. 156, p. 233-243.

MORTARI, MR., SCHWARTZ, ENF., SCHWARTZ, CA.,
PIRES Jr., OR., SANTOS, MM., BLOCH Jr., C. and SEBBEN, A.,
2004. Main alkaloids from the Brazilian dendrobatidae frog
Epipedobates flavopictus: pumiliotoxin 251D, histrionicotoxin
and decahydroquinolines. Toxicon, vol. 43, p. 303-310.

NIMER, E., 1979. Climatologia do Brasil. Rio de Janeiro:
IBGE, 422 p.

PINTO, JRR. and HAY, JV., 2005. Mudangas floristicas e estruturais
na comunidade arbérea de uma floresta de vale no Parque Nacional
da Chapada dos Guimardes, Mato Grosso, Brasil. Revista Brasileira
de Botanica, vol. 28, no. 3, p. 523-539.

SANTOS, EM., ALMEIDA, AV. and VASCONCELOS, SD.,
2004. Feeding habits of six anuran (Amphibia: Anura) species
in a rainforest fragment in Northeastern Brazil. Iheringia, Série
Zoologia, vol. 94, no. 4, p. 433-438.

SANTOS, JC., COLOMA, LA. and CANNATELLA, DC., 2003.
Multiple, recurring origins of aposematism and diet specialization
in poison frogs. Proceedings of the National Academy of Sciences
U.S.A,, vol. 100, no. 22, p. 12792-12797.

SCHREINER, S., VASCONCELOS, LCS. and ZEILHOFER, P.,
2009. Técnicas de geoprocessamento para modelacdo de anomalias
de temperatura nos perimetros urbanos de Cuiaba e Varzea
Grande — MT. Anais XIV Simpdsio Brasileiro de Sensoriamento
Remoto. Natal: INPE, p. 4371-4376.

SIQUEIRA, CC., SLUYS, M. van, ARIANI, CV. and ROCHA,
CFD., 2006. Feeding ecology of Thoropa miliaris (Anura:
Cycloramphidae) in four areas of Atlantic Rain Forest, Southeastern
Brazil. Journal of Herpetology, vol. 40, no. 4, p. 520-525.

SLUYS, M. van and ROCHA, CFD., 1998. Feeding habits and
microhabitat utilization by two syntopic Brazilian amazonian
frogs (Hyla minuta and Pseudopaludicola sp. (gr. falcipes).
Revista Brasileira de Biologia = Brazilian Journal of Biology,
vol. 58, no. 4, p. 559-562.

SLUYS, M. van, ROCHA, CFD. and SOUZA, MB., 2001. Diet,
reproduction and density of the leptodactylid litter frog Zachaenus
parvulus in an Atlantic Rain Forest of southeastern Brazil. Journal
of Herpetology, vol. 35, no. 2, p. 322-325.

STRUSSMANN, C., VALE, MBR., MENEGHINI, MH. and
MAGNUSSON, WE., 1984. Diet and foraging mode of Bufo
marinus and Leptodactylus ocellatus. Journal of Herpetology,
vol. 18, no. 2, p. 138-146.

TAIGEN, TL. and POUGH, FH., 1983. Prey preference, foraging
behavior, and metabolic characteristics of frogs. The American
Naturalist, vol. 122, no. 4, p. 509-520.

TAKADA, W., SAKADA, T., SHIMANQO, S., ENAML, Y., MORI,
N., NISHIDA, R. and KUWAHARA, Y., 2005. Scheloribatid mites
as the source of pumiliotoxins in dendrobatid frogs. Journal of
Chemical Ecology, vol. 31, no. 10, p. 2403-2415.

TEIXEIRA, RL. and COUTINHO, ES., 2002. Hébito alimentar de
Proceratophrys boiei (Wied) (Amphibia, Anura, Leptodactylidae)
em Santa Teresa, Espirito Santo, sudeste do Brasil. Boletim do
Museu de Biologia Mello Leitdo, vol. 14, p. 13-20.

TOFT, CA., 1980. Feeding ecology of thirteen syntopic species
of anurans in a seasonal tropical environment. Oecologia, vol. 45,
p.- 131-141.

VAZ-SILVA, W., FROTA, JG., PRATES-JUNIOR, PH. and
SILVA, JSB., 2005. Dieta de Lysapsus laevis Parker, 1935 (ANURA:
HYLIDAE) do médio rio Tapajos, Pard, Brasil. Comunicagées
do Museu de Ciéncias e Tecnologia da PUCRS, Série Zoologia,
vol. 18, no. 1, p. 3-12.

Braz. J. Biol., 2011, vol. 71, no. 1, p. 189-196



