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Abstract

Leptodactylus labyrinthicus tadpoles reach a large size in the nest through consumption of trophic eggs. We previously
suggested that the trophic eggs are laid just after amplexus has finished, but our new data do not support this hypoth-
esis. We also present further details on the natural history of the species with regard to breeding activity, spawning
site, retreats and the ability of tadpoles in preying upon fully-growth heterospecific tadpoles. We also show that the
tadpoles are mainly nocturnal and take diurnal refuges. We collected the data in Brazil in three localities within the
Cerrado Biome. We examined burrows used by L. labyrinthicus males, verified if females still contained mature eggs
just after released from amplexus, and tested the ability of tadpoles in preying fully-growth heterospecific tadpoles.
Field observations and experiments were conducted on tadpole activity time, hiding behaviour and level of susceptibil-
ity to predation by the bird leaf-scrapers in four sheltering situations. Reproduction could start before the first rains;
this may be advantageous by allowing the tadpoles to exploit eggs of other frogs. We found one floating nest built in a
temporary pool. The nest of the species is normally circumscribed in an excavated basin beside the water body. Adult
males were found during the day with their head-out of the entrance of underwater burrows, which were perforations
through dense root mats beside calling/spawning sites. Probably, these burrows in permanently water-filled soil are
actively excavated by males. Females released all their eggs during the amplexus, so trophic eggs are not produced
by the currently-accepted mechanism. Fully-grown heterospecific tadpoles were not preyed upon by L. labyrinthicus
tadpoles, which can prey only slow-moving newly hatched ones. Field tadpoles took shelter under mud/dead leaves
during daylight and became exposed on the bottom at night. Free-ranging leaf-scrapers removed dead leaves from a
pool with their beaks and preyed upon tadpoles. In the experiments, the tadpoles sheltered under gravel/leaves during
daylight, but they were exposed at night. Leaf-scrapers ate all exposed tadpoles, but no tadpole of the gravel/leaves
trays was consumed. Hence the nocturnal habits and use of diurnal refuges may protect the tadpoles from visual preda-
tors, such as the leaf-scrapers.

Keywords: Leptodactylus pentadactylus group, reproduction, retreats, trophic eggs, tadpoles.

Notas complementares sobre a histéria natural da ra-pimenta sul-americana,
Leptodactylus labyrinthicus (Anura, Leptodactylidae)

Resumo

Girinos de L. labyrinthicus crescem parcialmente no ninho consumindo ovos tréficos. Sugerimos anteriormente
que os ovos troficos seriam postos logo ap6s o amplexo, porém nossos novos dados ndo corroboram esta hipdtese.
Apresentamos também mais detalhes da histéria natural da espécie relacionados a estacio reprodutiva, local de desova,
abrigos e capacidade dos girinos em predar girinos heteroespecificos plenamente desenvolvidos. Demonstramos ainda
que os girinos sdo noturnos e se utilizam de reftigios diurnos. Coletamos os dados no Brasil em trés locais no Bioma
Cerrado. Determinamos o formato e dimensdes de buracos utilizados por machos, verificamos se fémeas liberadas do
amplexo ainda portavam évulos maduros e testamos a capacidade dos girinos em predar girinos heteroespecificos ple-
namente desenvolvidos. Realizamos observagdes naturalisticas e experimentais com girinos para descrever o horario
de atividade, comportamento de refiigio e grau de suscetibilidade a predacgdo pela ave sabid-poca em diferentes tipos
de substratos. Desovas podiam ocorrer antes das primeiras chuvas, possibilitando aos girinos explorar ovos de outros
anuros no meio da esta¢do chuvosa. Encontramos um ninho construido na superficie da 4gua de uma poca tempordria.
Os ninhos da espécie geralmente s@o circunscritos em bacias escavadas as margens do corpo d’agua. Machos adultos
foram encontrados durante o dia em buracos subaqudticos, os quais eram perfuracdes adjacentes aos sitios de vocali-
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zacdo/desova. Provavelmente, esses buracos em solos encharcados sdo ativamente escavados pelos machos. As fémeas
liberam todos os 6vulos durante o amplexo, portanto, os ovos tréficos ndo sdo produzidos pelo mecanismo aceito
presentemente. Os girinos oferecidos nos testes ndo foram consumidos pelos girinos de L. labyrinthicus, os quais
conseguem predar apenas recém-eclodidos. No campo, os girinos se refugiavam entre o lodo ou folhas mortas durante
o dia, porém ficavam expostos sobre o fundo a noite. Dois sabids-poca removeram folhas de uma poga e predaram
girinos. Nos experimentos, os girinos se escondiam entre o cascalho/folhas no periodo diurno, mas tornavam-se ex-
postos a noite. As aves predaram todos os girinos expostos, mas nenhum girino nos recipientes com cascalho/folhas foi
consumido. Portanto, o hdbito noturno e a utilizacdo de refigios diurnos devem proteger os girinos da espécie contra

predadores visualmente orientados, como as aves.

Palavras-chave: grupo de Leptodactylus pentadactylus, reprodugdo, abrigos, ovos tréficos, girinos.

1. Introduction

Severalspeciesof Leptodactylusofthe L. pentadactylus
group (sensu Heyer, 1979; 2005) build their foam nests
on land in excavated basins and have oophagous tad-
poles (Muedeking and Heyer, 1976; Cardoso and Sazima,
1977; Hero and Galatti, 1990; Hodl, 1990; Gascon, 1991;
Aichinger, 1992; Gibson and Buley, 2004; Prado et al.,
2005; Silva et al., 2005). Leptodactylus labyrinthicus tad-
poles reach a large size within the nest through consump-
tion of trophic eggs, but complete their metamorphosis in
water, where they prey upon anuran eggs and tadpoles or
feed on carrion (Cardoso and Sazima, 1977; Agostinho
et al., 2002; Prado et al., 2005; Shepard and Caldwell,
2005; Silva et al., 2005; Silva and Muniz, 2005; Zina and
Haddad, 2005).

Prado et al. (2004) did not find differences in the
morphology and staining pattern between ovarian and
developing eggs in L. labyrinthicus. In a previous study
(Silva et al., 2005), we suggested that the trophic eggs of
this species are produced by females releasing eggs im-
mediately after the male finished amplexus and left the
foam nest. However, herein we present data that do not
support this hypothesis. We also present new data on the
natural history of this species with regard to seasonality
in reproduction, nest building site, diurnal retreats and
the ability of the tadpoles in preying upon fully-grown
tadpoles of other species. Furthermore, we describe that
the tadpoles are mainly nocturnal and take shelter during
the day probably to avoid visually-orientated predators.

2. Material and Methods

We carried out the present study (2003-5) in the
Brazilian municipalities of Uberlandia (18° 55° S and
48°17"W),Araguari(18°29’Sand48°30°W)(Minas Gerais
State), and Caldas Novas (17° 43* S and 48° 40’ W)
(Goias State). All localities are in the Cerrado Biome
(Central South America savanna) with a wet/hot season
from September to April, a dry/mild season from May to
August, and with an annual mean precipitation of around
1,500 mm (Oliveira and Marquis, 2002; Giaretta and
Kokubum, 2004).

We looked for wintering (June 2003) tadpoles in wa-
ter bodies (n = 3) often used for reproduction through
stovepipe (a metal ring of 45 cm height and 56 cm diam-
eter) sampling (Shaffer et al., 1994) and with the aid of

a sieve (3 mm mesh). We examined underwater burrows
used by adults by extending an arm into them to deter-
mine their shape and estimate their length/diameter. We
removed rotting grass and superficial mud from drying
ponds (n = 3) in winter months to look for buried trans-
formed individuals. A clustering behavior of the tadpoles
observed in recently dried pools was described.

To test if females still contained mature eggs just
after release from amplexus (Silva et al., 2005), we dis-
sected two of them preserved just after the males had left
the foam nests (<30 seconds). The egg-clutch of one of
these females was examined five days later in order to
determine the proportion of eggs and tadpoles. On anoth-
er occasion, we kept a just-released (amplexus) nesting
female under observation until she left the foam nest.

Because we found large-sized tadpoles in an old aged
egg clutch, we suspected that tadpoles could complete
metamorphosis within the basin. To test this hypothesis
we kept individual one-week-old egg clutches (n = 10)
in containers (3 L; glass or clay) with 1-2 L of dechlorin-
ated tap water in outdoor experimental conditions. These
nests were covered with a fine nylon mesh and kept in
a partially-shaded place under ambient temperature
(25-29 °C) and photoperiod. We checked for tadpole size
twice a week for at least three months. The references to
larval stages follow Gosner (1960).

Leptodactylus labyrinthicus tadpoles are known to prey
newly-hatched tadpoles of Physalaemus cuvieri Fitzinger,
1826 (Cardoso and Sazima, 1977). We offered P. cuvieri
(19-27 mm TL; stage 25) and Pseudopaludicola sp.
(17-25 mm TL; stage 25) tadpoles to L. labyrinthicus
tadpoles (47-55 mm; stage 29-36) to test their ability of
preying upon fully-grown tadpoles of other species. These
prey tadpoles were collected from water bodies where
they occur syntopically with L. labyrinthicus. We offered
one prey for each L. labyrinthicus tadpole in circular con-
tainers (1 L) with 0.5 L of water (21-23 °C). We conducted
14 replications throughout one night for each prey species.
Prior to prey presentation, L. labyrinthicus tadpoles were
kept unfed for five days.

Field observations and experiments were conducted
on tadpole activity time, hiding behaviour and level of
susceptibility to predation by free-ranging leaf-scrapers
(Turdus amaurochalinos Cabanis, 1851, Passeriformes)
(Muniz and Silva, 2005) in four different sheltering sit-
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uations. A total of 160 tadpoles (28-43 mm TL; n =3
clutches) was used. We placed groups of 10 tadpoles in
white opaque plastic trays (45 X 25 x 8 cm; 3 L water)
either without any substrate or with dark-gray gravel and
dead leaves (similar to the pools from which they were
collected). The first test was to determine the diel pattern
of activity and hiding behavior. Two groups of 10 tad-
poles were arranged in two trays. In one half of each tray,
we placed gravel/leaves, and left the other half without
any substrate. Food (a small piece of carrion) was placed
on the white-bottomed side of these trays. We took note
of the number of tadpoles in each side of the trays during
a 24 hours period (1-3 hours intervals).

In a second experiment (80 tadpoles), we assessed
the efficiency of gravel/leaves to protect tadpoles from
free-ranging leaf-scrapers. We distributed two sets of
10 tadpoles in two trays without any substrate (exposed
tadpoles), and two sets in trays with gravel/leaves. In a
third experiment (60 tadpoles), we submitted groups of
10 tadpoles to three conditions in three trays: 1) Gravel/
leaves, 2) Gravel, and 3) Leaves to determine which of
these would provide greater protection against birds.
During the tests, we observed the birds’ behavior (at least
two individuals) with binoculars from about 13 m. The
exposures to the predator were carried out in the morning
(7:00 AM) and afternoon (5:00 PM). In each experiment,
the trays with the different sheltering conditions were ex-
posed simultaneously in the field for 30 minutes.

3. Results and Discussion

3.1. Reproductive activity and oviposition sites

From August/September to February, males called reg-
ularly during the night, but on rare occasions (n = 4 times;
September and November) advertisement calls were heard
during sunny hours (10:00 AM-1:00 PM). In contrast to
our new data, previous studies described the calling period
of L. labyrinthicus as being strictly nocturnal (Silva et al.,
2005; Zina and Haddad, 2005).

In 2004, rains started in mid-October, but calling
activity and egg clutches (n = 6) occurred from early
September. The long time (up to 25 days) the tadpoles
can remain in the nest on their trophic egg-based diet
(Prado et al., 2005; Silva et al., 2005) may favor those
individuals reproducing before the first rains, because
their tadpoles can exploit the eggs of other frog species
(e.g., Physalaemus spp.) laid just after the first heavy
rains (personal observation).

We found one floating egg clutch built amidst a dense
tuff of emerging grass-like plants in a small (1.5 m?
60 cm deep) temporary pool. The foam nest of the spe-
cies is normally circumscribed in an excavated basin be-
side the water body (Silva et al., 2005; Zina and Haddad,
2005). Rarely and alternatively, foam nests were found
on dry land (Silva et al., 2005) and on the top of water
(Eterovick and Sazima, 2000; present study).

Mid-winter (June) stovepipe sampling produced no
L. labyrinthicus tadpoles (n = 3 water bodies, 15 sam-
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ples). Regarding the possible protection the basin may
offer to eggs/early tadpoles against cannibal tadpoles
(Silva et al., 2005), deposition of the foam nest directly
on the water at the beginning of the reproductive season
would not bring greater risks from conspecifics, as tad-
poles of this species do not overwinter.

3.2. Retreats

Adult males (n = 5) were found with their head out of
the entrance of water-filled burrows during the day. These
burrows were perforations through dense root mats be-
side (30-250 cm distance) calling/spawning sites. Males
often took refuge diving into these burrows when observ-
ers approached (ca. 4 m; n = 5 occasions). Underwater
burrows (n = 5) had a diameter of around 120 mm and
were about 30-80 cm in length (up to 50 cm under wa-
ter). They were either directed straight towards the bot-
tom (n = 2) or curved parallel to the surface (n = 3). We
recovered individual males from these burrows when
extending an arm into them. Three burrows examined
in the winter months were not occupied. Tozetti and
Toledo (2005) described burrow utilization by both adult
males and females L. labyrinthicus and suggested that
such burrows are constructed by mammals. We agree
that those burrows far from the water could be dug by
mammals, but suggest that those in swamps (highly hu-
mid soil) may have been actively excavated by males.
Probably, males establish territories around proper egg-
laying sites and use these burrows as diurnal shelters and
escape retreats during the reproductive season. Eterovick
and Sazima (2004) also referred to the species as using
“cavities in swampy areas”. Males of L. flavopictus Lutz,
1926, another species of the L. pentadactylus group
(Heyer, 1979), appear to have this burrowing behaviour
as well (Bokermann, 1957).

In August (dry season 2003), after removing the
dry grasses and superficial (< 10 cm) mud of a drying
pool (6 m?), we found three buried juveniles (61-69 mm
SVL). All were responsive (not dormant) to manipula-
tion. Compact aggregates (n = 3) of living tadpoles (up
to 37 individuals; 35-60 mm TL) were found hidden in
crevices in soil or under garbage (pieces of clothing and
plastic bags) 1-2 days after the ponds had dried out.

3.3. Trophic egg production

Both females collected immediately after being
released from amplexus did not bear any mature egg
(oocytes) in their ovaries or oviducts. After five days in
the field, the egg clutch of one of these females had 111
(5.2%) tadpoles and 2,035 trophic eggs. The female ob-
served after being released from the amplexus remained
motionless within the foam nest for 17 minutes before
leaving it. Therefore, L. labyrinthicus females release all
their eggs during the amplexus and the trophic eggs are
not produced by a behavioural mechanism as we previ-
ously suggested (Silva et al., 2005). More detailed stud-
ies on late gametogenesis of the species (Prado et al.,
2004) may point to structural differences between trophic
and developing eggs. Females of L. fallax Muller, 1926
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(L. pentadactylus species group) periodically release un-
fertilized (trophic) eggs to feed their tadpoles (Gibson
and Buley, 2004). This mechanism does not apply to
L. labyrinthicus, since in our study area females of this
species do not remain or periodically return to their foam
nest after mating to lay fresh eggs.

3.4. Tadpole development and behavior

From one of the 10 clutches kept in the labora-
tory with no food supply other than the original troph-
ic eggs, two tadpoles reached metamorphosis within
54 days (17-19 mm SVL) feeding on trophic eggs and
cannibalizing dead siblings. In a second clutch, a tad-
pole almost reached metamorphosis (60 mm TL; stage
40) after 40 days. In the remaining clutches (n = 8),
tadpoles died after 1-3 months, the siblings not differ-
ing notably in size (< 45 mm TL) after this time. In
September 2003, we followed (for 20 days) a clutch iso-
lated from the main water body, which produced three
large sized tadpoles (largest = 50.0 mm TL, stage 27);
at that age time 1120 trophic eggs remained. Prado et al.
(2005) also succeeded in having one tadpole metamor-
phosing in laboratory conditions similar to our results.
Leptodactylus labyrinthicus tadpoles are opportunistic
cannibals (sensu Crump, 1983; 1986), just eating already
dead siblings.

In the laboratory, fully-grown tadpoles of P. cuvieri
and Pseudopaludicola sp. were not preyed upon by
L. labyrinthicus tadpoles. An important issue in reports
on heterospecific tadpole predation by Leptodactylus
species of the L. pentadactylus group is that tadpole
consumption is restricted to slow-moving newly hatched
preys (Heyer et al., 1975; Cardoso and Sazima, 1977;
present study).

3.5. Diel pattern of activity and hiding behavior

Living L. labyrinthicus tadpoles are cryptic colored,
with a dark gray back and tail. In the field, they normally
took shelter under dead leaves or debris during daylight
and became exposed on the bottom at night. Tadpoles
were seen swarming under foam nests of other lepto-
dactyline frogs (e.g., Physalaemus spp.) during the day
(n =5 observations).

In our first experiment, tadpoles sheltered under
gravel/leaves during daylight (7:00 AM-6:00 PM), but
they were exposed around the carrion at night, main-
ly between 7:00 and 11:00 PM (n = 38 inspections)
(Figure 1). Tadpoles often took shelter when illuminated
by flashlights (n = 6 times).

In the field, free-ranging leaf-scrapers were observed
removing dead leaves from the bottom of a shallow pool
with their beaks and preying upon tadpoles (n = 10;
ca. 40 mm TL). The leaf-scrapers attempted to prey upon
tadpoles in all experimental trays. The birds turned sev-
eral leaves (ca. 35) of trays with gravels/leaves. In the
second experiment, leaf-scrapers ate all exposed tad-
poles, but no tadpole of the gravel/leaves trays was con-
sumed. In the third experiment, tadpoles in gravel (90%)

Mean number of exposed tadpoles (%)

3:00 PM

2:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM
8:00 PM
9:00 PM
10:00 PM
*11:00 PM
3:00 AM
5:00 AM
*7:00 AM
8:00 AM
9:00 AM
1:00 PM

10:00 AM
11:00 AM

12:00 AM

Time (hour)

Figure 1. Diel activity pattern of Leptodactylus labyrinthicus
tadpoles (n = 20 individuals; 38 visual inspections). The
left and right arrows indicate sunset (6:30 PM) and sunrise
(6:30 AM), respectively. * — No inspections were made be-
tween 24-2, 4, or 6 hours.

and gravel/leaves (15%) trays were consumed. No tad-
pole was captured from the trays containing just leaves.

Unpalatability is a main defense of anuran larvae
against predaceous teleosts (e.g., Hero et al., 2001). We
have no evidence of unpalatability of L. labyrinthicus
tadpoles to snakes and birds (Muniz and Silva, 2005;
present study). The use of diurnal shelters (mud/leaf lit-
ter) and nocturnal habits may protect tadpoles from visual
predators, such as the leaf-scrapers. As in other systems
(review: Kronfeld-Schor and Dayan, 2003), these dif-
ferential diel activity patterns may allow predator/prey
coexistence. The kind of microhabitat used influences
predation risks by determining the level of exposure
of tadpoles to predators (Morin, 1986). In our experi-
ments, the leaves (and combined gravel/leaves) appear
to provide protection to tadpoles against birds by making
detection and capture difficult. Besides L. labyrinthicus,
tadpoles of other species use leaf litter as microhabitat
refugia (Morin, 1986; Semlitsch and Reyer, 1992; Hero
et al., 2001).
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