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Amphibians are the most primitive vertebrates amongst
the tetrapods, but they are also the most successful animals
which still have larva and present free living embryos (IZECKSONH

& CARVALHO-E-SILVA 2001). Of the three orders of amphibians,
the larvae of anurans are the ones that differ the most from
their adult form, being also the most specialized DUELLMAN &
TRUEB (1994). The morphological diversity of tadpoles is quite

great, especially when one considers their short lifecycle (ALTIG

& MCDIARMID 1999). The variations in the diverse types of tad-
pole bodies are apparently correlated to their phylogeny and
ecology.

In aquatic tropical ecosystems, the study of the natural
diet of resident species is an important tool in understanding
the biotic and abiotic interrelationships existing not only in the
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ABSTRACT. Scinax angrensis (Lutz, 1973) is an endemic species, which occurs in low altitude hillside forests, distrib-
uted from the municipalities of Mangaratiba to Parati in the south of the state of Rio de Janeiro, Brazil. The aim
of this study was to compare the morphology of S. angrensis tadpoles in two different stages of development, and
verify their feeding spectrum. The mouth morphology of the two stages studied (27 and 37) appeared similar, with
a difference in the size of the oral opening as well as an increase in the dimensions of the body. The examined
species presented a trophic spectrum comprised of algae, protozoan, rotifers, microcrustaceans, nematodes, vegeta-
tion and invertebrate remains, fungus hyphae, and sand grains. Significant differences were found between dimen-
sions of the two stages, but not between diets, although a differentiated preference with regards to planktonic items
has been verified. The results suggest that the partitioning of feeding resources is not only related to morphology
and occupation of different microhabitats but also to the feeding behaviour of tadpoles. The relevance of impor-
tant food items to the natural diet of S. angrensis tadpoles, especially the diatoms and filamentous algae, reveal the
importance of the periphytic community to the conservation of this species in the Atlantic Forest.
KEY WORDS. Amphibian; natural diet.

RESUMO. DietaDietaDietaDietaDieta dedededede girgirgirgirgirinosinosinosinosinos dedededede ScinaxScinaxScinaxScinaxScinax angrensisangrensisangrensisangrensisangrensis (((((LLLLLutz)utz)utz)utz)utz) nanananana FlorFlorFlorFlorFlorestaestaestaestaesta AtlânticaAtlânticaAtlânticaAtlânticaAtlântica (Mangar(Mangar(Mangar(Mangar(Mangaratibaatibaatibaatibaatiba, RioRioRioRioRio deJdeJdeJdeJdeJaneiraneiraneiraneiraneiro)o)o)o)o)
(Amphibia(Amphibia(Amphibia(Amphibia(Amphibia, AnAnAnAnAnurururururaaaaa, Hylidae).Hylidae).Hylidae).Hylidae).Hylidae). Scinax angrensis (Lutz, 1973) é uma espécie endêmica ocorrendo em florestas de
encosta de baixa altitude, no sul do Estado do Rio de Janeiro, Brasil. O objetivo do presente estudo foi o de
comparar a morfologia e verificar o espectro alimentar de girinos de S. angrensis de dois estágios diferenciados de
desenvolvimento. A morfologia bucal dos dois estágios (27 e 37) apresentou-se similar, havendo diferença de
tamanho da abertura oral, bem como aumento das dimensões do corpo e da cauda. A espécie examinada
apresentou um espectro trófico integrado por algas, protozoários, rotíferos, microcrustáceos, nematódeos, restos
de vegetais e de invertebrados, hifas de fungo e grãos de areia. Foram verificadas diferenças significativas entre
as dimensões dos dois estágios, embora não se tenha encontrado uma diferença significativa entre as dietas,
apesar de se ter observado uma preferência diferenciada por itens planctônicos. Os resultados sugerem que a
partilha de recursos alimentares está relacionada não só com a morfologia e ocupação de diferentes microhábitats,
mas também ao comportamento alimentar dos girinos. A relevância de itens importantes para a dieta natural
dos girinos de S. angrensis, especialmente as algas diatomáceas e filamentosas, revela a importância da comunida-
de perifítica para a conservação desta espécie de anuro na Mata Atlântica.
PALAVRAS-CHAVE. Anfíbios; dieta natural.
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aquatic environment but also in the water-land ecotone, subsi-
dizing therefore the management and environmental protec-
tion of these areas. On the other hand, specifically, the study of
the feeding spectrum of aquatic vertebrates has reflected not
only the availability of food in the environment, but also the
choice of the most appropriate feeding item to fulfill nutritional
necessities to metamorphosis such as in anurans (KUPFERBERG

1997a) or ontogenetic differences as in fish (AGUIARO & CARAMASHI

1995). The analyses of the natural diet of a species indicates its
role in the local trophic web, possibly revealing narrow links
between communities and delineating the regulatory effect of
the predator/grazer over its prey/primary producer. Further, this
knowledge also indicates the susceptibility of the species in ques-
tion in light of current environmental changes.

Tropical regions harbor a great richness of amphibian
species due to specific characteristics of their habitats. The study
of KOPP & ETEROVICK (2006) on the factors influencing anuran
assemblages in southeastern Brazil enhanced the importance
of environmental and stochastic factors on the observed pat-
terns of species distribution over biotic interactions. The avail-
ability of food and the strategies for it acquisition can also be
considered important factors responsible for the spatial and
temporal distribution of anuran populations in these areas. The
destruction of tropical forests, especially remnants of Atlantic
Forest, has the direct consequence of the disappearance of natu-
ral habitats, but also the erosion, and build-up of sediments,
and the complete alteration of water quality of natural springs,
streams, and rivers. These modifications alter completely the
availability of food items used by larval and adult anurans,
both in qualitative and quantitative terms.

Tadpole ecology is complex and reflects a majority of the
processes that govern the dynamics of a population and com-
munity. The morphology of a tadpole’s mouth makes it mainly
a highly specialized filterer, capable of living in assemblages in
diverse habitats since among species there is a diversity of mouth
parts specialized in food capture. Generally, tadpoles are consid-
ered herbivorous filterers, but can ingest planktonic items, mos-
quito larva, organic sediments from the bottom of lakes and riv-
ers, pollen, graze on the periphyton, leaves and animal remains
in decomposition, and even consume amphibian eggs, other
tadpoles, and benthic macroinvertebrates (DUELLMAN & TREUB

1994, ARIAS et al. 2002, DUTRA & CALLISTO 2005). Some authors
have used the mouth and body morphology of tadpoles in di-
verse stages of development in order to suggest the type of food
ingested by these individuals and their feeding behavior (ALTIG

& MCDIARMID 1999). Besides these general considerations, stud-
ies on natural diets of tadpoles in tropical forests are still rare.

Scinax angrensis was described by LUTZ (1973) and its larva
was described by CARVALHO-E-SILVA et al. (1995). According to
these last authors it is considered a medium sized, endemic
species occurring in low altitude hillside forests up to approxi-
mately 1300 m, reproducing in perennial or temporary
streamlets, as well as in small temporary clear small ponds as-

sociated with brooks inside the forests and, more rarely in rocky
pools, and distributed from the municipalities of Mangaratiba
to Parati, in the Rio de Janeiro State.

The objective of the present study was to verify the feed-
ing spectrum of the Scinax angrensis tadpole in two different
stages of development. Our hypothesis is that the stages stud-
ied, due to morphological similarities, should explore similar
food items in the aquatic environment.

MATERIAL AND METHODS

Study area
The Atlantic Forest borders the coast of Brazil, from the

northeast to south, in the State of Rio Grande do Sul. The entire
area is within the tropical zone and is marked by a maritime
climate with high precipitation and humidity. This high pre-
cipitation in the southern of the Rio de Janeiro State is brought
on by maritime winds which, encountering the Serra do Mar
mountain range causes a steady occurrence of rain throughout
the year together with elevated temperatures. These factors con-
verge to create one of the most complex ecosystems in the world,
with a large diversity of anurans. The Fazenda Goiabal, is a farm
known more commonly as the Reserva Rio das Pedras (ReRP), a
special class of private protected area called “Reserva Particular
do Patrimônio Natural” (RPPN). The farm is located at km 55 on
the BR 101 highway (Rio-Santos), in the Municipality of
Mangaratiba, in the coordinates 22°59’S-44°05’W. It encompasses
an area of 1361 ha and has an altitude ranging from a maxi-
mum of 1150m to a minimum of 20 m. The region possesses a
tropical hot and very humid climate with an average annual
temperature of 22°C and an average annual rainfall of 1900 mm,
October and January being the rainiest months.

Collection and preparation of samples
The field work was undertaken 27-29 April of 2002, dur-

ing the rainy season in the Rio Borboleta, ReRP, Municipality
of Mangaratiba, State of Rio de Janeiro. We collected 60 larvae
of S. angrensis from a permanent pool using a fine mesh net.
The tadpoles were immediately fixed following collection, by
direct immersion in 10% formalin, in order to avoid the regur-
gitation of contents in the digestive tract. Afterwards, in the
laboratory, a triage was conducted, separating individuals of
the 27 and 37 stages according to Gosner system GOSNER (1960),
which were subsequently preserved in 5% formalin. Body and
tail lengths, height, total body length, and mouth width were
taken according to ALTIG & MCDIARMID (1999) from individuals
of both stages with a pachymeter.

In order to analysis diet, 15 individuals were randomly
selected from both the 27 and 37 stages. All the digestive tracts
of these individuals were removed, dried and homogenized in
1 ml of distilled water, after which the material was placed in a
Sedgewick-Rafter counting chamber and analyzed using an
optical microscope. The food items were identified according
to guides for the identification of algae (BICUDO & MENEZES 2005),
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protozoans (KUDO 1985, FOISSNER & BERGER 1996) and inverte-
brates (KOSTE 1978, THORP & COVICH 2001). For each feeding item,
the numeric frequency (%NF) and the frequency of occurrence
(%FO) were calculated with the percentage based on the num-
ber of total feeding items and the total number of digestive
tracts analyzed. To evaluate the existence of significant differ-
ences between the dimensions of the two stages and their diets
the nonparametric Mann-Whitney test (ZAR 1996) available in
the software Statistica vers. 6.0 was used.

RESULTS

The tadpoles of S. angrensis were observed spending most
of their time attached to some sort of substrate, below detritus,
eventually swimming freely. They were found both in pools
which are shaded and in direct sunlight. They do not appear to
demonstrate a preferred time of day as they are found to be
active both during the day as well as the night. Their color is
quite similar to the substrate found at the bottom of these pools,
making them harder to observe.

The average dimensions of the stages 27 and 37 of S.
angrensis are found in table I. The stages 27 and 37 display a
similar mouth structure, only differing in size. Among the
morphological data measured in the two stages, the dimen-
sion of the mouth opening was the measurement that increased
the most (65%) from one stage to other. Although one mea-
sured 2.0 mm (stage 27) and the other 3.3 mm (stage 37), it
could be argued that this relatively larger opening could facili-
tate the ingestion of larger sized microscope items.

Other morphological differences detected between the

played the presence of diminutive limbs. Coloration was also
slightly different between both stages.

According to the Mann-Whitney test there was no sig-
nificant difference between the dimensions obtained for the
two stages (U = 9, P = 0.464703). Despite of this result, from
the 27 to the 37 stage, there was an increase of between 32 and
46% in the dimensions of the body and tail and a 65% increase
in the opening of the mouth.

Diet Analysis
The examined species displayed a trophic spectrum made

up of euglenophytes algae, diatoms mainly of the genera
Achananthes, Navícula, Pinullaria, Tabellaria, Fragillaria, Diatoma,
Surirella, Nitzschia, Meridion, filamentous algae (most chlorophy-
tes), protozoan of the genus Opalina, testacean amoebae of the
genera Difflugia, Centropyxis, Lesqueuresia, Arcella, Euglypha,
unidentified ciliates, rotifers of the genera Platyas and Lecane,
microcrustaceans from the cladoceran group, nematodes, veg-
etation debris, invertebrate debris, eggs of unidentified inver-
tebrates, fungus hyphae, and sand grains. The 31 items were
grouped into 13 categories (Tab. II). According to the Mann-
Whitney test there was no significant difference was found
between the diets of the two stages, with respect to the grouped
items (U = 47.50, P = 0.157214). Although, when analyzing
separately the abundance of the genera of the algae and inver-
tebrates, a significant difference in consumption was found
between these two stages according to the same test for zoop-
lankton (U = 31.50, P = 0.000220) and phytoplankton (U =
38.00, P = 0.049599).

For the stage 27 (Fig. 1) the most representative items in

two stages were relative to tadpole body and tail size and the
development of the posterior side of the body, with stage 27
containing only limb buds while in stage 37 individuals dis-

terms of frequency of occurrence were diatoms, filamentous
algae, vegetation debris and sand grains with a 100% frequency
of occurrence, followed by testaceans (73.3%), ciliate protozo-
ans and euglenophytes with 26.7%. The items: rotifers,
opalinids and cladocerans were not present. For the stage 37
the most representative items in terms of frequency of occur-
rence were sand grains, testaceans, opalinids and vegetation
debris with a 100% frequency of occurrence, followed by nema-
todes and rotifers with 93.3%; others (eggs and fungus hyphae),
animal and diatoms remains with 86.7%, cladocerans (66.7%),
protozoans and filamentous algae with 60.0%. The least sig-
nificant item was the euglenophytes with 33.3%.

Table I.  Average value of the density of feeding items found in
each individual for the stages 27 and 37 of S. angrensis.

Items Stage 27 (n = 15) Stage 37 (n = 15)

Euglenophytes  2.0  1.8

Diatoms  116.8  23.1

Filamentous algae  18.0  73.0

Testaceans  5.3  26.5

Opalinids  0.0  11.7

Ciliates  9.0  9.0

Rotifers  0.0  5.0

Cladocerans  0.0  2.6

Nematodes  26.1  45.4

Invertebrate debris  0.9  6.5

Vegetation debris  0.1  3.1

Others  0.8  8.5

Sand grains  38.3  23.5

Table II. Dimensions (mm) of the 27 and 37 stages of S. angrensis
as well as the relative growth from one stage to the other.

Parameters Stage 27 Stage 37 % of increase

Body length  7.0  9.8 40

Tail length  11.7  16.3 39

Tail height  3.1  4.1 32

Total body length  18.5  27.1 46

Mouth width  2.0  3.3 65
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For the stage 27 (Fig. 2) the most representative items in
terms of numeric frequency were diatoms (53.8%), vegetation
debris (17.6%), sand grains (12.0%) and filamentous algae
(8.3%). For the stage 37 the most representative items in terms
of numeric frequency were sand grains (26.3%), testaceans
(15.3%), vegetation debris (13.6%), diatoms (13.4%), opalinids
with 6.8% and other protozoans with 5.3%.

DISCUSSION
Amphibian larvae may constitute an important link in

the trophic web of fresh water environments, acting upon com-
munities of periphytic, epilitic, and epibenthic algae and also
removing suspended particles by filtration and apprehension
strategies through the production of mucus (WASSERSUG 1972).
In a general sense, anurans can also act as a link between the
aquatic and terrestrial ecosystems, since the material consumed
by the larvae in the aquatic habitat will be taken to the terres-
trial environment by the adult. According to SEALE & BECKVAR

(1980) the ingestion of nitrogen-fixing algae by tadpole takes
this element, by an exotic form, from the aquatic to the terres-
trial food web.

Feeding in tadpoles is related to the type of mouth appa-
ratus they have, availability of feeding items and even indi-
vidual preferences with regards to microhabitat utilization, the
latter associated as much with ontogenetic characteristics as
inter-specific competition (HEYER 1976). The mouth apparatus
of S. angrensis, with its innumerous tooth and keratinized jaw
sheath is adapted for scraping its food from surfaces and frag-
menting larger particles before ingesting them.

Ontogenetic differences in aquatic organisms can result
in different behaviors in the water and, as a consequence, re-
sulting individuals residing in distinct niches. A relative in-
crease in tadpole body size from one stage to the next may
imply a greater conspicuousness, as well as a greater swimming
capacity which aids not only in exploration of other niches,
escape from predators, but also in the increase of nutritional
necessities. The former, capable of being enhanced during the
following stages of metamorphose.

Since the stages 27 and 37 of S. angrensis show diets that
do not appear to be different with respect to the main feeding

item categories, the initial hypothesis of this study was cor-
roborated. Besides this, upon further analysis of the major food
items found between the two stages, a significant difference
was observed between the genera of algae and invertebrates
consumed by both stages. Although it is widely known that
scraper tadpoles should have low selectivity with regards to
the specificity of ingested items, some authors have already
found such tadpoles feeding behavior selection in favor of co-
nifer pollen (WAGNER 1986) and algae with a greater energetic
value (KUPFERBERG 1997a).

The diet of S. angrensis in the stage 27 was based on dia-
toms, chlorophytes, and filamentous algae and vegetation de-
bris. The nutritional variation within the algae routinely con-
sumed by the tadpoles could influence metamorphose in sev-
eral ways. According to KUPFERBERG (1997a), the natural diet of
anuran larva can vary widely in terms of quantity of proteins,
carbohydrates, and lipids, factors that influence the function
of thyroid hormones, which are essential in order for meta-
morphosis to occur. In experimental situations, tadpoles fed
with filamentous algae with epiphytic diatoms developed more
rapidly and metamorphosed with larger body size than tad-
poles submitted to a diet of commercially processed food
(KUPFERBERG et al. 1994). Both filamentous algae as well as dia-
toms are considered important sources of nutrients since the
periphytic community, where they occur in abundance, is well
explored by the aquatic fauna both invertebrates and verte-
brates. The importance of diatoms as a food source has also
been seen in other anuran genera such as Lithobates,
Dendropsophus, Eupemphix and other species of Scinax (HENDRICKS

1973, KUPFERBERG 1997b, ROSSA-FERES et al. 2004). Diatoms can
be richer in calories, mainly as a form of lipids, than the
clorophytes and they are more easily accessible for consump-
tion than filamentous algae (KUPFERBERG et al. 1994). It is worth
to note that the clorophyte algae store the products of photo-
synthesis as a form of carbohydrates (BOLD & WYNNE 1985),
which is also an important food resource.

The pronounced presence of vegetation debris in the tad-
pole diet indicated that tadpoles in the stage 27 and 37 fed
actively by scraping the surface of aquatic macrophytes. These
results are in accordance with the behavior of S. angrensis tad-
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Figures 1-2. (1) Frequency of occurrence of items in the stages 27 and 37; (2) numeric frequency of items in the composition of the diet
for stages 27 and 37.
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poles as described by CARVALHO-E-SILVA et al. (1995) who observed
that tadpoles remained attached to the substrate, scraping it in
order to feed, eventually, going to the surface. This habit of
scraping and consuming periphyton could explain the pres-
ence of testaceans and ciliates commonly found in the periph-
ytic community (KUDO 1985, BÉRZINS & STENSDOTTER 1990) in the
tadpoles’ diet.

Many benthic tadpoles feed on debris and organisms
found in the sediment in addition to the periphyton (KUPFERBERG

1997b, ALTIG & MCDIARMID 1999), which can result in the acci-
dental presence of sand grains, as was found in both 27 and 37
stages. On the other hand, it can be supposed that the inges-
tion of sand grains could be a more active process done in or-
der to take advantage of the bacterial film present on the grains
or even in order to aid in the breakdown of vegetation cells in
the digestive tract.

Nematodes, the other food item common in tadpoles of
both stages, were found with the greatest frequency and abun-
dance in the stage 37. Nematodes were also observed in the
digestive tract of a majority of the 17 species of anurans stud-
ied by HEYER (1973) in diverse tropical aquatic habitats in Thai-
land. Although this author did not distinguish between free-
living or parasitic nematodes by way of their abundance and/
or behavior in the intestinal tract, he did consider most to be
parasitic, determining that those nematodes that numbered 1
to 4 individuals per intestine had been ingested. The densities
of nematodes encountered in the present study, for both stages,
suggest the existence of parasitism.

Comparing the natural diet of the two stages of S.
angrensis, it was observed that the feeding of the stage 37
changed as much in numeric frequency as in the number of
different items encountered, in comparison with that for the
stage 27. However, in general terms, both stages presented
greater abundances of the same feeding categories (diatoms,
filamentous algae, testaceans, ciliates, nematodes, and sand
grains), which resulted in no significant statistical difference
between the diets when tested with a Mann-Whitney test.

Because of the greater frequency of occurrence of a higher
number of feeding items observed in the stage 37, we concluded
that this stage has a wider feeding spectrum. Since the only
ontogenetic difference found between the oral morphology of
the two stages was restricted to the size of the mouth opening,
it is probably not responsible for the differences found between
their diets, with the exception of different sizes of ingested food.

Tadpoles in the stage 37 reduced numerically their con-
sumption of diatoms, filamentous algae, and vegetation while
increasing their intake of zooplankton (rotifers and cladocer-
ans) and other invertebrates, which could be a strategy to in-
crease the amount of protein ingested. It should be pointed
out that the larger mouth opening in the stage 37 allows for
the entrance of larger items into the digestive tract, items such
as cladoceran, predisposing individuals at this stage towards a
diet richer in proteins.

According to KUPFERBERG (1997a), the tadpole development
and metamorphosis could be limited by the protein content of
their diet. STEINWACHSER & TRAVIS (1983) observed that growth and
development of tadpoles of the species Hyla chrysoscelis COPE,
1880 was proportional to the protein/carbohydrate rate in their
diet while NATHAN & JAMES (1972) observed that the addition of
protozoan to a diet of cooked lettuce decreased the metamor-
phosis time of tadpoles of the Chaunus (Wagler, 1828) genus.

Zooplankton items were also verified in tadpole diets from
the species Scinax fuscovarius (Lutz, 1925), S. similis (Cochran,
1925), and S. fuscomarginatus (Lutz, 1925) (ROSSA-FERES et al. 2004)
and Scinax machadoi (Bokermann & Sazima, 1973) (DUTRA &
CALLISTO 2005). According to the first authors, the presence of
ciliates as well as other soft-bodied animals, such as testacean
amoebae and rotifers could be an important finding, because
they could be a valid source of nutrients for tadpoles. The dif-
ficulty in distinguishing such items inside the digestive tract
and the presence of already digested material in the analysis
has resulted in a lack of understanding the role these organ-
isms play in the natural diet of tadpoles.

The increase in zooplankton predation by tadpoles of stage
27 to the 37 reveals also a different swimming behavior between
the two stages, inferring, as observed in the field, a visit to the
water surface in the latter. Morphological differences between
the two stages such as the increase in tail length and height may
allow different locomotion strategies in the water as well as more
agility in movements, contributing to the access of a greater
number of food items and corroborating the occurrence of more
kinds of feeding items in the stage 37. In addition, the slightly
darker coloration of the stage 27 would allow a better protec-
tion against the dark bottom, while the lack of light lunulas in
the stage 37 would make these individuals less conspicuous in
the water. As found by WARKENTIN (1992) and ROSSA-FERES et al.
(2004), these results demonstrate that the partitioning of feed-
ing resources is related not only to the occupation of diverse
microhabitats, but also the feeding behavior of tadpoles.

Another difference between the feeding items of the two
stages studied was in relation to the protozoan of the genus
Opalina. The species of this genus are endocommensal that live
inside the cloacal area of amphibians, but primarily in frogs
and toads (KUDO 1985). Opalinids colonize the intestinal tract
of tadpoles by way of cysts produced by adult anurans that are
released into the surrounding water which are subsequently
ingested by larvae. Opalins were not found in individuals in
the stage 27, while individuals in the stage 37 already possessed
these protozoans in their digestive tracts.

Summarizing, similar to other young forms of anurans,
tadpoles of S. angrensis show themselves to be herbivores, al-
though the stage 37 can be considered as omnivorous due to
the frequency of occurrence of items with animal origin. In a
general sense, the young forms of S. angrensis can actively have
an influence on the microhabitat in which they live, grazing
and controlling the periphytic community, transforming algal
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content, cycling nutrients, and also competing for food with
other communities, such as aquatic insects.

The relevance of some food items to the natural diet of
tadpoles of S. angrensis, especially the diatoms and filamen-
tous chlorophytes, reveals the importance of the periphytic
community for the feeding of this species of anuran. The en-
demism of S. angrensis means that alterations in the amount of
sediments and nutrients, as well as decrease of streams flow in
the area of its occurrence that may change the composition
and biomass of periphyton, surely will impair the success of
the tadpoles, the ending of metamorphose and the continued
success of the species at this location.
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