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Abstract. In this study we analyze the diet of a population of Dendropsophus branneri from a cocoa plantation
in southern Bahia, Brazil. Frogs were captured monthly from August 2010 to July 2011. Stomach contents
were retrieved through stomach-flushing and later identified to order level. Our results show that D. branneri
feeds mainly on arthropds, such as Diptera, larval Lepidoptera and Araneae. Based on the identified food
items and the low number of prey per stomach we conclude that the studied population of D. branneri uses a
“sit and wait” strategy. We further conclude that stomach flushing can be successfully applied to frogs from a

size of 14.4mm.
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Introduction

The Brazilian Atlantic Forest is a recognized bio-
diversity hotspot (Myers et al. 2000). Within this
hotspot several amphibian "hotpoints" have been
identified, such as the region of Santa Tereza in
the State of Espirito Santo (Rédder et al. 2007) and
recently the Serra Bonita Mountain in Southern
Bahia (Dias et al. 2014). While most parts of the
Atlantic Forest have suffered rapid reductions in
their extension due to logging and transformation
into pasture lands, southern Bahia still maintains
some of the largest rainforest remnants in the
northern part of this endangered forest, some of
them representing the richest areas in tree diver-
sity on the planet (Martini et al. 2007). Carnaval et
al. (2009) identified three pleistocenic refuges in
the Atlantic Forest of which the one in Bahia is by
far the largest and the one with the largest genetic
diversity.

Cocoa cultivation on a large scale was estab-
lished in the southern Bahia region during the
mid-nineteenth century. In the traditional planting
system called "cabruca" the cocoa trees are set out
in the shadow of thinned-out native forests or in-
troduced trees such as Jackfruit tree ( Artocarpus
heterophyllus ), Yellow mombin ( Spondias mombin )
and Mountain Immortelle ( Erythrina poeppigiana )
(Sambuichi et al. 2003). This system extends over
an area larger than 70% of the remnants of the At-
lantic Forest of southern Bahia (Aradjo et al. 1998).

Despite providing low-quality habitat for ferns,
these "cabrucas" represent intermediate quality for
birds and high quality for many species of bats,
lizards and frogs (Faria et al. 2007).

While a large number of studies on bioacous-
tics (Forlani et al. 2013, Juncé et al. 2012, Mendes et
al. 2013), taxonomy (Pimenta et al. 2007) and the
description of new species (Caramaschi et al. 2013,
Lourengo-de-Moraes et al. 2012, Napoli et al. 2011,
Recorder et al. 2010) from southern Bahia have
been published recently, only a few studies deal
with the trophic interactions of amphibians and
their environments (Rebougas et al. 2013, Solé et
al. 2009).

Dendropsophus branneri (Cochran, 1948) is one
of the smallest hylids from Brazil and can be
found from the State of Maranhédo southwards to
the state of Rio de Janeiro (Baracho et al. 2014). As
it shows a prolonged breeding season this, tree
frog can easily be found in large numbers in tem-
porary and permanent ponds.

The only available data on diet of Dendropso-
phus cf. branneri is from 28 individuals collected at
a temporary pond in a semi-deciduous rainforest
in Pernambuco State (Santos et al. 2004). Despite
this, nothing is known about the diet of this small
frog and its position in the trophic web of the At-
lantic Rainforest biome. Thus we want to describe
the diet of D. branneri and correlate morphometric
aspects of frogs with the ingested prey volume as
well as assess the trophic niche amplitude of the
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species.

Material and methods

We studied a population of Dendropsophus branneri (Fig. 1)
at a temporary pond inside a 5 ha large "cabruca" on the
Campus of the Universidade Estadual de Santa Cruz (14°
47'45" S and 39° 10'20" W), Ilhéus, Bahia, Brazil (Fig. 2).
With annual average temperatures ranging between 22 °C
and 25 °C and rainfall of 1.299 mm per year, this region
shows a typical tropical hot and humid climate without a
well-defined dry season (Sambuichi et al., 2003).

Frogs were captured manually from 18:00 to 20:00
during 27 nights in the months of August 2010 and July
2011 at their reproductive site. After capturing they were
transferred to the nearby laboratory of “Vertebrate Zool-
ogy” at the Universidade Estadual de Santa Cruz, located
about 300 m from the pond, where they were weighted
with a digital electronic scale with an accuracy of 0.1 g
and had their snout-vent length (SVL) measured with a
digital caliper with an accuracy of 0.1 mm. After that, a
stomach flushing procedure was performed on the frogs,
following the methodology described in Solé et al. (2005).
After the procedure the frogs were released at the pond
where they were originally captured. Between sampling
nights a minimum interval of three days without collect-
ing frogs was established in order to allow frogs to feed
normally. The retrieved stomach contents were stored in
microcentrifuge tubes containing 70% ethanol and ana-
lyzed with the use of a stereo microscope. Invertebrates
were identified to order level following Triplehorn and
Johnson (2011), except for Hymenoptera, that were cate-
gorized as “ants” or “no ants”.

The length and width of well preserved food items
were measured using a digital caliper with a precision of
0.1 mm in order to calculate the approximate volume. We
measured highly chitinized body parts of partially di-
gested invertebrates as elytra in beetles or prosoma in
spiders and applied the regression formulas proposed by
Hirai and Matsui (2001) to estimate the original length of
prey. Later the estimated original volume (V) was calcu-
lated using the formula for ellipsoid bodies (Dunhan
1983): V=411/3-L/2-(W/2)2 where V = volume, L = length
and W = width of prey.

The index of relative importance (IRI) was calculated
to reduce bias in the description of diet as suggested by
Pinkas et al. (1971): IRI; = (POy)~(Pl: + PVy), where POxis
the percentage of occurrence (100x the number of stom-
achs containing t item/total number of stomachs), Pl
represents the percentage of individuals (100x the total
number of individuals of t in all stomachs/total number
of individuals of all taxa in all stomachs), and PV is the
volumetric percentage (100x the total volume of indi-
viduals of t present in all stomachs/total volume of all
taxa in all stomachs).

We used a Pearson correlation test (p < 0.05) to ana-
lyze the correlation between body mass, SVL and mouth
width with volume of ingested preys. Niche breadth was
calculated using the index proposed by Levins (1968):
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Figure 1 Male D. branneri calling in a "cabruca", Ilhéus,
Bahia, Brazil.

Figure 2 Pond located in a "cabruca" of the Campus of
Universidade Estadual de Santa Cruz, Ilhéus, Bahia,
Brazil, where frogs were sampled.

Ba=(1/) p%) -1/ nj-1, where BA = Levins’ index, with
an interval of 0 to 1; pj = proportion of individuals found
using the resource j, nj = number of individuals using the
resource j. All analyzes were performed with R 3.01 soft-
ware (R Core Team 2015).

Results

Out of 170 individuals that were submitted to the
flushing procedure 100 revealed stomach contents.
The average length of the studied frogs measured
was 18.3 mm (SD = 1.6, min =
23.6mm). Mouth width was on average 5.86 mm
(SD = 0.58, min = 4.6mm, max = 7.7mm) and mean
body mass was 0.448 g (SD = 0.19, min = 0.228g,
max = 2.028g).

The items with the highest relative frequencies
of occurrence in stomachs were Diptera (F% =
14.96), followed by Araneae (F% = 11.02) and lar-
val Lepidoptera (F% = 11.02). The items that made
up for the largest volumes were larval Lepidop-
tera (V = 228.68 mm?, V% = 53.89), Araneae (V =
100.65 mm?®, V% = 23.72) and Diptera (V = 69.21

14.4mm, max =
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Table 1 Prey consumed by D. branneri (N=170) in a "cabruca" area in southern Bahia Brazil (N = number of items
from all stomachs; N% = percentage of each item from all stomachs; F = number of stomachs from which each
item was retrieved; F% = percentage of occurrence of each item from all stomachs; V = total volume of item from
all stomachs; V% = volumetric percentage per item; IRI = Index of Relative Importance).

Prey category N N% F F% |4 V% IRI
Arachnida
Acari 4 2.78 2 1.57 0.01 0 0.01
Araneae 17 11.81 14 11.02 100.65 23.72 153.84
Insecta
Blattaria 2 1.39 2 1.57 12.46 2.94 512
Diptera 27 18.75 19 14.96 69.21 16.31 296.81
Hemiptera 9 6.25 8 6.3 9.44 222 41.59
Hymenoptera (Formicidae) 7 4.84 7 5.51 0.51 0.12 26.91
Hymenoptera (non Formicidae) 4 2.78 3 2.36 2.07 0.49 7.05
Lepidoptera 1 0.69 1 0.79 0.26 0.06 0.61
Lepidoptera (larvae) 16 11.11 14 11.02 228.68 53.89 176.34
Orthoptera 3 2.08 3 2.36 1.35 0.32 5.24
Not identified animal content 26 18.06 26 20.47 - - -
Not identified plant content 17 11.81 17 13.39 - - -
Skin 11 7.64 11 8.66 - - -
Total 144 100 127 100 424.36 100 713.52
mm?, V% =16.31). o
The Index of Relative Importance (IRI) re- <7 - N -
vealed that the most important diet elements were - - " -
Diptera (IRI = 296.81), Lepidoptera (IRI = 176.34), i .
Araneae (IRl = 153.8) and Hemiptera (IRI = 4159) § & - S .
(Table 1). é ]
We did not find a significant positive correla- g g ] - . J ..,_,,,,/"//
tion between frog body mass and ingested volume E.’: - Ll
. £ 24 —aw s " L] =
(t = 0.8333, p = 0.2042) (Fig. 3) nor between SVL & ™ | . Y .
and ingested volume (t = 0.508, p = 0.3068) (Fig. 4) o, - "
or between mouth width and volume of the larg- ‘ -
est ingested prey per frog (t = 0.7971, p = 0.2145) I 4 .
(Fig. 5). We calculated a niche breadth (Ba) for D. ‘ = ‘ ‘
branneri of 0.491 and an average of 1.5 items per -5 0 5 10

stomach.

Discussion

On one hand most research on amphibians under-
taken in Brazil deals with taxonomical issues, but
studies on behavioral ecology such as assessment
of trophic niches used by frogs also comprise a
large part of the scientific efforts performed in this
country (Campos et al. 2014). On the other hand
there is a short-come of approaches focusing on
habitat use, dispersal ability and home range of
frogs. This applies especially to hylid frogs, of
which a large majority are seldom encountered by
researchers outside their breeding territories. We
know virtually nothing about what these frogs do
when they are not calling and reproducing at

log(Body Weight)

Figure 3 Relation between frog body mass and ingested
prey volume per individual (R2 = 0.034).

ponds or rivulets. They may be feeding high up in
the trees or hiding in swamps or may even use the
marginal vegetation of their breeding ponds as
feeding grounds. But approaches in this direction
require individual marking of frogs which are
time expensive and involve costly material as elas-
tomer tags (Molina-Zuluaga et al. 2014), radio-
transmitter (Pizzato et al. 2014) or methodologies
that despite having been successfully employed
during decades are now regarded as controversial,
such as toe clipping (Guimaraes et al. 2014). This
lack of life history data trammels studies that aim
to find the position tree frogs occupy in tropical
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Figure 4 Relation between snout-vent length (SVL) and
ingested prey volume per individual (R2 = 0.108).
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Figure 5 Relation between mouth length of D. branneri
and volume of the largest retrieved prey item (R2 =
0.126).

environments, as no accurate assessment of avail-
able potential prey is possible. This is the main
reason why most diet studies on tree frogs do not
provide an assessment of available prey (Solé &
Pelz 2007). This tendency is not restricted to Brazil,
it applies also to diet studies on tree frogs per-
formed all over the world (Kovéacs et al. 2007;
Mahan & Jhonson 2007; Luria-Manzano & Gutiér-
rez-Mayen 2014). The few studies that provide
such kinds of data mostly sample the environment
that surrounds the breeding localities (Lopez et al.
2009), but they can't guarantee that frogs were ac-
tually feeding at these places before they were
captured for diet analysis. Most studies that in-
clude an assessment of potential prey availability
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are performed with species that inhabit leaf litter
or are fossorial as most leptodactylids, bufonids
and eleutherodactylids that can be easily found ac-
tively feeding on the ground (Heise-Pavlov &
Longway 2011), but exceptions exist (Maneyro &
Rosa 2004).

Foraging habits in amphibians are influenced
by several factors as prey availability and competi-
tion (Duellman & Trueb 1986; Sucea et al. 2014;
Pop et al. 2015). Adult anurans generally prey on
arthropods and their feeding behaviors are mostly
described as a "sit and wait" or an "active forag-
ing" strategy (Ovaska 1991). The strategy of most
species may lie somewhere in-between the contin-
uum between these two strategies (Caldart et al.
2012). Toft (1980, 1981) distinguishes two patterns
in the diet of amphibians: Those that feed on ar-
thropods with strongly chitinized bodies and slow
movements as ants, termites and mites called "ant
specialists" and those that ingest a varied spec-
trum of less chitinized arthropods such as spiders
and grasshoppers called "non-ant specialists".

We found Diptera, larval Lepidoptera and
Araneae to be the prey categories with the highest
relative frequency and the largest IRI in the diet of
Dendropsophus branneri. Our results are very simi-
lar to those, registered by Santos et al. (2004), for
28 individuals of D. cf. branneri from a semi-
deciduous forest in the state of Pernambuco,
which revealed Diptera and larval Lepidoptera as
the most frequent prey in the stomachs. Dipterans
were also the most consumed prey by other two
very small hylid frogs, Dendropsophus nanus and
D. sanborni from three ponds in Sdo Paulo State
(Menin et al. 2005) and a lake in Corrientes, Ar-
gentina (Macale et al. 2008).

Araneae were the most frequent prey in 15
stomachs of D. minutus sampled by (Van Sluys &
Rocha 1998) in Serra Norte, Carajas, while Ara-
neae and larval Diptera showed the largest IRl in a
study performed by Randall and Bolafios (2012) in
La Selva, Costa Rica with stomach contents of 135
D. phlebodes. In this same study, 60 stomachs of D.
ebraccatus were also examined revealing Lepidop-
tera, larval Diptera and Araneae as principal prey.

Lima et al. (2010) conducted a study at the
same pond as our study, on the diet of two species
of Phyllomedusa: P. rohdei and P. burmeisteri. For the
60 analyzed stomachs of P. rohdei they found lar-
val Lepidoptera, Orthoptera and Araneae to hold
the largest IRI values, while the 77 P. burmeisteri
that revealed stomach contents had fed on larval
Lepidoptera, Araneae and Coleoptera. These two
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hylid species are much larger than D. branneri and
consequently also have larger mouths. The impor-
tance of Orthoptera and Coleoptera for their diets
may be related to the generally larger size of the
representatives of these arthropod orders, thus
representing prey too large for the small D. bran-
neri mouth. Other studies (Labanick 1976; Lopez et
al. 2009; Moreno-Barbosa & Hoyos-Hoyos 2014;
Solé & Pelz 2007; Vaz-Silva et al. 2005) also re-
vealed Diptera, Lepidoptera and Araneae as fre-
quent items in the diet of hylid frogs, but we can
not affirm that they showed a preference for these
items because available prey in the environment
was not assessed.

Diet of adult frogs is usually composed of ar-
thropods, but plant parts are also frequently re-
trieved from stomachs (Solé & Rodder 2009). We
retrieved vegetable parts from 13.39% of the
flushed stomachs. In most cases this vegetable part
of diet is interpreted as accidentally ingested by
the frog while capturing arthropod prey, but due
to the absence of ethological studies covering the
whole food ingestion process we can not rule out
that frogs may ingest leaves or fruits on purpose,
as already suggested for other species (Das 1996;
Silva & Britto-Pereira 2006).

Based on the identified food items and the low
number of prey per stomach we conclude that the
studied population of D. branneri uses a "sit-and-
wait" strategy. Although eating ants, they do not
represent a high IRI value, suggesting that they
are "non ant specialists" (Toft 1980), ingesting few
items per time unit and a larger variety of soft-
chitinized prey as Diptera, Araneae and larval
Lepidoptera.

Our study showed once again that stomach-
flushing is an efficient method to study the diet of
amphibians, as showed by Zheng-Ju et al. (2007).
So far, this approach has never been applied in
studies targeting frogs with a SVL under 19 mm.
The smallest species studied by Solé et al. (2005)
were Dendropsophus minutus (SVL 21-28 mm) and
Physalaemus lisei (SVL 21-33 mm). Dietl et al. (2009)
applied the method to individuals of the species
Ischnocnema henselii with a SVL of 20-35 mm),
while Caldart et al. (2012) studied the diet of juve-
niles of the species Crossodactylus schmidti with
SVL ranging from 19.04 to 23.91 mm. In our study
we could show that stomach flushing can be suc-
cessfully applied to frogs with a SVL of 14.4 mm.
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