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Members of the genus Leptodactylus deposit eggs in foam nests; however, species vary

in nest deposition sites, which may be aquatic or terrestrial, and the amount of time

larvae remain in the nest. Life history characteristics are hypothesized to have

a phylogenetic basis, but data to evaluate this idea are lacking for most species of

Leptodactylus. We studied the ecology of tadpoles of Leptodactylus labyrinthicus in the

Brazilian Cerrado to gain insight into the reproductive ecology of this species. Foam

nests of L. labyrinthicus were deposited on land generally along the periphery of small,

shallow ponds. Internal nest temperatures were lower, less variable, and less influenced

by the environment than nest surface temperatures. Only a small percentage of eggs in

each nest were fertilized, and tadpoles grew and developed within the foam while

feeding on unfertilized eggs. Heavy rainfall washed the majority of tadpoles out of

nests and into ponds. Tadpoles collected from the ponds had eggs in their guts, and

feeding experiments confirmed that free-living tadpoles of L. labyrinthicus eat eggs of

other frog species. The reproductive mode of L. labyrinthicus is intermediate between

two previously described modes for closely related species. This mode may be adaptive

in the unpredictable and seasonal environment in which this species occurs.

Todos os membros do gênero Leptodactylus depositam ovos em ninhos de espuma; se

os ninhos são aquáticos ou terrestres e até qual estágio as larvas desenvolvem-se neles,

contudo, varia entre espécies. Acredita-se que os modos reprodutivos de anuros têm

uma base filogenética, mas para a maioria das espécies não existem dados suficientes

para avaliar essa hipótese. Nós estudamos a ecologia dos girinos de Leptodactylus

labyrinthicus no Cerrado brasileiro com o intuito de tentar compreender melhor sua

ecologia reprodutiva. Os ninhos de espuma de L. labyrinthicus foram depositados sobre

o chão ao longo da periferia de poças pequenas e rasas. As temperaturas internas dos

ninhos foram mais baixas e variaram menos do que as temperaturas externas. Apenas

uma pequena porcentagem dos ovos em cada ninho foi fertilizada e os girinos

permaneceram dentro da espuma, crescendo e desenvolvendo-se através da ingestão

de ovos. Chuvas fortes dissolveram os ninhos e lavaram os girinos, carregando-os para

as poças. Girinos coletados nas lagoas possuı́am ovos em seus intestinos, e

experimentos confirmaram que girinos de L. labyrinthicus alimentam-se dos ovos de

outras espécies após abandonarem os ninhos. O modo reprodutivo de L. labyrinthicus é

intermediário a dois outros modos descritos para espécies próximas. Esse modo pode

ser adaptativo em ambientes sazonais e imprevisı́veis onde essa espécie ocorre.

ANURAN amphibians exhibit a wide range of
reproductive modes spanning aquatic eggs

and larvae to terrestrial eggs with direct de-
velopment to viviparity (Duellman and Trueb,
1986; Haddad and Prado, 2005). Fully aquatic
reproduction is the ancestral reproductive mode,
but many anuran taxa have derived modes that
allow the deposition and development of eggs
outside of water (Duellman, 1985). For example,
within the genus Leptodactylus, both aquatic and
terrestrial reproduction occur (Heyer, 1969).

The genus Leptodactylus consists of 64 known
species distributed from Mexico throughout
Central and South America and the West
Indies (Frost, 2004. Amphibian Species of the
World. http://research.amnh.org/herpetology/
amphibia/index.html). All members of this

genus deposit eggs in foam nests; however, nest
deposition site and the extent to which larvae
develop in the foam nest vary among species.
Foam nests may be deposited on the water
surface, on land at the margins of water, in
burrows below ground adjacent to water, or in
burrows below ground away from water (Heyer,
1969; Prado et al., 2002). Larvae may enter water
shortly after hatching or after an extended
period in the foam nest, or they may complete
development within the foam nest completely
independent of water (Heyer, 1969; Gibson and
Buley, 2004). Foam nesting has several advan-
tages over aquatic reproduction that are hypoth-
esized to have led to its evolution. Foam prevents
aquatic predators from preying on eggs and
smaller early life stages (Heyer, 1969; Downie,
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1990; Magnusson and Hero, 1991), larvae enter
water at a larger size, a benefit in competitive
interactions and encounters with size-limited
predators, and at an advanced developmental
stage, a benefit in habitats with short hydrope-
riods (Downie, 1984, 1988; Magnusson and
Hero, 1991), and foam inhibits desiccation of
eggs and larvae, allowing breeding in arid or
seasonal environments (Heyer, 1969; Duellman
and Trueb, 1986; Downie, 1988).

Examining evolutionary questions, such as
when specific reproductive characteristics arose
in the phylogeny, requires life history data on
individual species and a hypothesis of evolution-
ary relationships. Unfortunately, phylogenies for
many anuran taxa, including leptodactylids, are
lacking, and few life history data exist for most
neotropical frog species.

Leptodactylus labyrinthicus is a member of the L.
pentadactylus species group and occurs through-
out the Cerrado and Caatinga regions of Brazil
(Heyer, 1979; Larson and de Sá, 1998). It is
a large species (adult snout–vent length [SVL] 5

142–195 mm; Heyer, 1979), and the tadpoles are
known predators of eggs and larvae of other
anuran species (Cardoso and Sazima, 1977).
Breeding occurs with the onset of the rainy
season and eggs are deposited in foam nests on
land at the margins of ponds (Agostinho et al.,
2002). The objectives of our study were to
characterize the physical attributes of L. laby-
rinthicus foam nests, assess the thermal properties
of foam nests, describe the ecology and phenol-
ogy of tadpoles within the foam nest and after
they become free-living, and compare the re-
productive ecology of L. labyrinthicus to other
closely related species.

MATERIALS AND METHODS

Between 27 November and 15 December 2003,
we studied foam nests and tadpole ecology of
Leptodactylus labyrinthicus in the vicinity of two
small adjacent ponds (approximately 5 3 15 m
and 12 3 20 m) located 10 km NW of Monte
Alto, Goiás, Brazil (13u419400S, 46u409200W). The
area was once dry forest, but has long since been
converted to agricultural uses, primarily cattle
ranching. Numerous small ponds, usually created
for watering stock or as a result of road
construction, are scattered in fields and along
unpaved roads in the area.

On 27 November, we located foam nests of
L. labyrinthicus by visually searching terrestrial
areas surrounding the ponds. Foam nests of
L. labyrinthicus are easily distinguished from foam
nests of other leptodactylids at this site because
of their larger size and location. For each nest, we

measured length of the longest axis, width at the
widest point perpendicular to the long axis, and
depth of the nest at its center. We estimated nest
volume (V ) using the formula for the volume of
an ellipsoid:

V ~
p

6
abc

where a and b are the lengths of the two axes and
c is the depth multiplied by two. Because a foam
nest occupied only half of the projected ellipsoid,
we divided the value by two to estimate nest
volume. We also directly measured volume of
one newly constructed nest found the morning
of 13 December by carefully moving it into
a container and determining the amount of
water required to fill the container to the same
level as the nest. The number of eggs in this nest
was estimated by taking six 24-ml samples of foam
from throughout the nest, counting eggs in each
sample, determining an average, and extrapolat-
ing to the entire nest. We also estimated the
percent of viable eggs in this nest by taking small
samples of foam from throughout the nest and
counting the number of developing and non-
developing eggs in the sample. We took five
samples at 1700 h on 14 and 15 December
resulting in ten total samples ranging from 38
to 156 eggs (mean 5 89.9 6 34.7 eggs). We made
qualitative descriptions of nests and measured
the distance from nests to the nearest water’s
edge.

To characterize thermal attributes of foam
nests, we measured internal and external tem-
peratures of each nest on 27 and 28 November
and 1 December between approximately 1400
and 1930 h. We measured nest surface tempera-
tures by scanning the surface of the nest with
a Raytek ST20 Pro infrared thermometer and
recorded the maximum and minimum observed
temperatures. At the center of each nest, we
measured temperature 1 cm below the surface
and 1 cm from the bottom using a quick-reading
thermometer (Miller & Weber, Inc.). Nest
exposure, shaded air temperature 1 m above
each nest, and weather conditions were re-
corded. We used linear regression to examine
relationships between nest temperatures and air
temperature.

From 28 November through 13 December, we
collected samples of six tadpoles from each foam
nest every three days. We collected small samples
of eggs if they were present in the nests. After
heavy rains washed tadpoles out of nests and into
ponds, we collected samples of 10–20 free-living
tadpoles by dipnetting throughout the ponds.
We preserved tadpoles in 10% formalin, staged
them (Gosner, 1960), measured body length and
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total length of each individual, noted visible gut
contents, and measured the diameter of any eggs
that were collected. Tadpole developmental
stages (Gosner, 1960) are arbitrary numbers
assigned based on the presence of specific
characters; however, because stages can be
ordered based on the sequence which the
characters defining them occur, we treated stages
as ordinal scale data (Zar, 1999). Tadpoles were
deposited in the Herpetology Collection at the
University of Brası́lia (CHUNB 38544-56, 38558-
81).

To determine whether free-living tadpoles of
L. labyrinthicus prey on eggs of co-occurring frog
species, we conducted a series of feeding experi-
ments with the eggs of four other species. On the
night of 12 December, we collected amplexing
pairs of small hylids, Hyla minuta (n 5 4), Hyla
rubicundula (n 5 2), and Scinax fuscomarginatus (n
5 1), as well as one newly constructed foam nest
of Physalaemus sp. (Leptodactylidae) from a pond
5 km S of Monte Alto. We selected these species
because they breed in response to heavy rainfall
and their eggs were present at the same time and
in the same habitats as tadpoles of L. labyrinthicus
(DBS and JPC, pers. obs.). We put pairs into
plastic bags with water and a few vegetation stems
overnight and all pairs successfully spawned by
morning. On 13 December, we collected a sample
of free-living tadpoles of L. labyrinthicus from our
study site and staged and measured them as
above.

In the first experiment, we asked whether free-
living tadpoles of L. labyrinthicus would consume
eggs of each of the four species. We set up four
circular plastic containers (,30 cm diam.) and
filled them with well water to a depth of 3 cm.
For each hylid species, we measured the diameter
of six eggs, counted approximately 125 eggs, and
placed them in the center of one of the contain-
ers. The foam nest of Physalaemus sp. was floated
on the water surface in a container. One tadpole
of L. labyrinthicus was placed in each container
and observed for 30 min. We recorded whether
the tadpole consumed eggs and the time it took
to begin feeding. The experiment was run four
times with different tadpoles each time.

In the second experiment, we tested whether
tadpoles exhibited a preference for feeding on
eggs of a particular species by giving them
a choice of three species. We filled the four
containers with water as above and placed groups
of 50 eggs of H. minuta, H. rubicundula, and S.
fuscomarginatus equidistant from each other
along the inside edge of each container. We
placed one tadpole of L. labyrinthicus into the
center of each container and observed it for
20 min, recording which species’ eggs were

consumed. We ran this experiment twice with
different tadpoles. We used a G test (Sokal and
Rohlf, 1995) to determine if tadpoles exhibited
significant feeding preferences. To determine if
the eggs of species used in feeding trials differed
in size, we performed an ANOVA on the ranked
data followed by Tukey HSD post hoc comparisons
(Zar, 1999). We report means 6 standard
deviation and set a at 0.05.

RESULTS

On 27 November, we located 16 foam nests of
Leptodactylus labyrinthicus. Nests were typically in
bowl-shaped depressions in open areas near the
margins of the ponds and were partially covered
with dead grass. We did not observe mating so we
were unable to determine date of construction
and whether these basins were pre-constructed
by the male or formed by activities of the male-
female pair during mating. On average, nests
were 26.5 6 9.4 cm long, 16.0 6 4.1 cm wide,
and 7.7 6 2.3 cm deep. Mean calculated nest
volume was 1622 6 667 ml (range 501–2886 ml).
Fifteen of 16 nests were an average of 1.71 6

1.44 m from the water’s edge whereas one nest
was 33.5 m away from the nearest water. Volume
of the newly constructed nest found the morning
of 13 December was 3695 ml, and it was located
10 cm from the water’s edge. The exposed
surfaces of foam nests usually dried into a 1–
1.5 cm thick crust. Eggs and tadpoles were
located in the dense, moist foam beneath this
crust. Crust formation was associated with dry
environmental conditions (periods with no rain-
fall and exposure to the sun and wind), whereas
the crust often dissipated during periods of
rainfall.

We measured nest temperatures on three days
(2 sunny and 1 cloudy) and averaged tempera-
tures for each nest across days. On average, nest
surface temperatures were warmer than internal
temperatures (Table 1). When all measurements
were pooled across the three days, regardless of
the nest from which they were taken, surface
temperatures were more variable than internal
temperatures (Table 1). All nest temperature
variables were related to air temperature, which
varied from 23.8–34.2 C (mean 5 30.1 6 3.0 C,
n 5 47), but surface temperatures showed
stronger associations than internal temperatures
(Table 1).

Tadpoles collected from 16 nests on 28
November were in stages 22 to 29 (median 5

25, n 5 16). Undeveloped eggs were present in
11 of 16 nests, all of which had tadpoles at stage
25 or earlier. By stage 25, tadpoles had absorbed
their yolk and developed jaw sheaths. Egg
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fragments were observed in the guts of stage 25
and 26 individuals collected from foam nests on
28 November and 1 December. Most tadpoles
appeared to have bitten off small pieces of egg
rather than ingest eggs whole, probably because
of the large size of eggs (mean egg size 5 2.2 6

0.2 mm, n 5 59) relative to the tadpoles.
In a nest newly constructed late 12/early 13

December, only 19% of the estimated 5748 eggs
had begun developing by 1700 h on 15 Decem-
ber, indicating that a large majority of eggs in
nests do not develop (Fig. 1). Tadpoles within
the original 16 nests grew in size through stages
26 and 27, but afterward tadpoles did not
increase in size though they continued to de-
velop (Fig. 2). This truncation coincided with the
point at which eggs in the nests were depleted.
No nests with undeveloped eggs remaining had

tadpoles above stage 26. We observed stage 27
tadpoles in one nest with egg fragments in their
guts, but no eggs remained in the nest. Between
28 November and 1 December, tadpoles from
nests without eggs when first located had
significantly lower growth rates than tadpoles
from nests with eggs when first located (without
eggs: mean change in body length 5 20.4 6

0.2 mm, n 5 4; with eggs: mean change in body
length 5 3.0 6 0.6 mm, n 5 11; unequal variance
t-test: t12.6 5 216.94, P , 0.001).

By 1 December, foam of five of the original 16
nests had entirely disintegrated. One nest and all
its tadpoles had completely dried out, but
tadpoles from four nests were surviving by
schooling together in moist mud at the bottom
of the depressions the nests had once occupied.
Tadpoles from the four nests were in stages 27 to
31 (median 5 29.5, n 5 4) and all appeared
emaciated. No eggs had been observed in the

TABLE 1. TEMPERATURES (C) AND TEMPERATURE RELATIONSHIPS OF 16 FOAM NESTS OF Leptodactylus labyrinthicus FROM

MONTE ALTO, GOIÁS, BRAZIL. Means are based on multiple measurements on each nest and other results are based
on pooled data.

Mean 6 SD s2 Range

Relationship with air temperature

Slope Intercept F P R2

Max. Surface Temp. 31.2 6 1.9 22.13 24.2–44.0 1.26 26.80 75.74 ,0.001 0.63
N 5 16 N 5 47 N 5 47 (1,45)

Min. Surface Temp. 29.1 6 1.2 11.88 23.4–38.4 0.93 0.88 80.70 ,0.001 0.64
N 5 16 N 5 47 N 5 47 (1,45)

Temp. 1 cm below
surface

28.9 6 0.6 2.37 26.0–32.2 0.35 18.24 22.17 ,0.001 0.38
N 5 15 N 5 39 N 5 39 (1,37)

Temp. 1 cm from
bottom

28.6 6 0.5 1.93 24.8–32.0 0.31 19.44 32.89 ,0.001 0.42
N 5 16 N 5 47 N 5 47 (1,45)

Fig. 1. A cross section of foam from a nest of
Leptodactylus labyrinthicus three days after deposition
showing numerous unfertilized eggs (A) and several
developing tadpoles (B).

Fig. 2. Growth of tadpoles from 15 foam nests of
Leptodactylus labyrinthicus from 28 Nov. to 1 Dec.
2003. Each series of connected points represents
data from one nest, and each point represents the
median stage and mean body length of approxi-
mately six individuals sampled from the nest.
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nests or guts of tadpoles from those nests three
days earlier when tadpoles were in stages 26 to
29. Heavy rain (42.8 mm) fell on 3 December,
flooded the ponds, and washed out all nests.
Once in the ponds, tadpoles had more food
resources and continued to develop and increase
in size (Fig. 3). Tadpoles collected from the
ponds on 4, 7, and 10 December contained eggs
in their guts (90%, 10%, and 20% of individuals
collected, respectively), indicating that free-living
tadpoles of L. labyrinthicus were preying on the
eggs of other frog species (Fig. 4).

Tadpoles used in feeding experiments were
between stages 31 and 37 (median 5 34, n 5 16)
and had a mean body length of 12.0 6 1.4 mm
(n 5 16). Feeding experiments confirmed that
tadpoles of L. labyrinthicus consume eggs of other
frog species. In the first experiment, tadpoles ate
eggs of H. minuta in one of four trials, H.
rubicundula in three of four trials, and S.
fuscomarginatus in two of four trials. Feeding
began from ,1 min to 17 min (mean 5 7.0 6

3.2 min, n 5 6) after tadpoles were placed with
eggs. Tadpoles bit through the outer egg capsule
and ingested eggs whole. Tadpoles were difficult
to observe in trials with the foam nest of
Physalaemus sp. because they hid beneath the
nest as it floated on the water surface. We could
not ascertain whether the tadpoles of L. laby-
rinthicus were feeding on embryos and larvae of
Physalaemus sp. from below, but we observed
a tadpole in one trial consume a larva of
Physalaemus sp. when it dropped from the foam
into the water.

In the second experiment, all eight tadpoles
tested ate eggs. Two individuals ate only eggs of
H. rubicundula, one individual ate only eggs of S.

fuscomarginatus, two individuals ate both eggs of
H. rubicundula and S. fuscomarginatus, and three
individuals ate eggs of all three species. Tadpoles
did not feed preferentially on the eggs of any of
the three species (GWilliams 5 4.81, df 5 2, P 5

0.09), but there was a trend toward a preference
for eggs of H. rubicundula and S. fuscomarginatus
over H. minuta. Egg size differed among the
three species (F2,15 5 19.52, P , 0.001); eggs of
H. minuta were significantly larger than those of
S. fuscomarginatus (P , 0.001) and H. rubicundula
(P 5 0.001), whereas eggs of S. fuscomarginatus
and H. rubicundula did not differ in size (P 5

0.30). The smaller size of eggs of H. rubicundula
(mean 5 0.95 6 0.04 mm, n 5 6) and S.
fuscomarginatus (mean 5 0.92 6 0.07 mm, n 5

6) compared to H. minuta (mean 5 1.23 6

0.17 mm, n 5 6) may have made them easier to
consume.

Fig. 3. Relationship between developmental
stage and body length (closed circles) and total
length (open circles) for tadpoles of Leptodactylus
labyrinthicus (body length 5 0.75*Stage212.7, R2 5
0.80; total length 5 2.82*Stage251.3, R2 5 0.81).

Fig. 4. Ventral view of free-living tadpole of
Leptodactylus labyrinthicus with whole eggs visible in
manicotto (larval stomach). Collected from pond
10 km NW of Monte Alto, Goiás, Brazil, on 4 Dec.
2003 (body length 5 11 mm; ventral skin of tadpole
removed).

SHEPARD AND CALDWELL—LARVAL LEPTODACTYLUS ECOLOGY 807



DISCUSSION

Placement of foam nests differs among species
of Leptodactylus and influences various aspects of
larval ecology, including early development in
relation to other frog species using the same
habitat, susceptibility to predatory fly larvae (Villa
et al., 1982; Gascon, 1991; Giaretta and Menin,
2004), and environmental conditions to which
developing larvae are exposed. Agostinho et al.
(2002) reported that foam nests of Leptodactylus
labyrinthicus were located in depressions near, but
not in, water along margins of ponds. We found
foam nests of L. labyrinthicus on land, and, with
one exception, generally about 2 m from the
water’s edge. In an analysis of morphological and
ecological characteristics within the L. pentadacty-
lus species group, Eterovick and Sazima (2000)
noted that foam nests of L. labyrinthicus were
deposited on the water surface and tadpoles had
aquatic development. This information conflicts
with our observations, but no details on the
source of their information were given. Similar-
sized members of the L. pentadactylus species
group, L. pentadactylus (adult SVL 5 137–
185 mm) and L. knudseni (adult SVL 5 127–
165 mm), also deposit foam nests in bowl-shaped
basins generally within a few meters from water
(Muedeking and Heyer, 1976; Heyer, 1979;
Gascon, 1991; but see Vinton, 1951 and Hero
and Galatti, 1990).

Sizes of foam nests in this study were consistent
with those found by Agostinho et al. (2002), who
reported nest diameters up to 30 cm. No data on
nest volume have previously been published for
L. labyrinthicus. Mean calculated volume of foam
nests of L. knudseni, a closely related and similar
sized species, was just over 2 liters (Gascon,
1991), which is similar to our calculated result for
L. labyrinthicus (mean 5 1.6 liters). The newly
deposited nest we measured had a greater
volume than nests for which we calculated
volume; however, volume of nests would be
expected to shrink over time.

Several authors have hypothesized that foam
provides a thermal environment that promotes
development (Gorzula, 1977; Dobkin and Get-
tinger, 1985; Downie, 1988), but little is known
about the thermal properties of foam. The
surface of a foam nest is more exposed to the
environment and thus is expected to experience
more extreme conditions and fluctuations than
the internal portion. In our study, nest surface
temperatures were higher and more variable
than internal nest temperatures. In contrast, nest
surface temperatures were slightly lower than
internal nest temperatures in Physalaemus pustu-
losus (Downie, 1988). However, foam nests in P.

pustulosus are deposited on the water surface and
are small in size (5–7 cm diameter; Dobkin and
Gettinger, 1985). The extent to which factors
such as air temperature, solar radiation, and
substrate (water or ground) temperature affect
nest temperatures will depend on nest place-
ment, size, and exposure. Nest temperatures in P.
pustulosus were influenced by solar radiation and
were usually higher than air and water tempera-
tures (Dobkin and Gettinger, 1985). In our study,
air temperature influenced nest temperatures,
but had a greater influence on surface tempera-
tures than internal temperatures. In L. bufonius,
which deposit nests in underground burrows,
nest temperatures were not strongly related to air
temperature (Philibosian et al., 1974). Unlike
foam nests of members of the L. fuscus species
group, which are deposited underground in
burrows (Heyer, 1969), nests of L. labyrinthicus
are exposed on the ground surface. As a conse-
quence, nest temperatures of L. labyrinthicus
varied over a wide range (Table 1). However,
nests of L. knudseni are similar in size and
placement to L. labyrinthicus, yet internal nest
temperatures varied only slightly between 25–
27 C (Gascon, 1991). Leptodactylus knudseni
breeds around ponds in upland forests in
lowland Amazonia (Gascon, 1991) whereas L.
labyrinthicus breeds around ponds in open
habitats (Cerrado and Caatinga; Heyer, 1979);
thus, differences in nest exposure to solar
radiation may explain differences in temperature
variation.

Among species of foam-nesting leptodactylids,
larvae may develop entirely within the foam nest
or they may escape the nest as tadpoles and
undergo the remainder of their development in
a pond or stream. Species in the L. ocellatus
group, some species in the L. melanonotus group,
and all Physalaemus deposit foam nests on the
water surface, and larvae drop into the water
shortly after hatching (Heyer, 1969; Downie,
1993; Prado et al., 2002). Foam nests of most
species of the L. pentadactylus and L. fuscus
groups are laid on land, and larvae develop for
extended periods before leaving the nest or they
develop entirely within the foam nest and
emerge as froglets (Heyer, 1969; Martins, 1988;
Gibson and Buley, 2004). Thus, foam nests of
members of the latter groups must provide
a favorable environment for larval development
for up to several weeks in some species (Philibo-
sian et al., 1974; Hero and Galatti, 1990; Gibson
and Buley, 2004).

Mean clutch size in L. labyrinthicus was 2599
eggs (Agostinho et al., 2002), although one nest
in our study was estimated to have 5748 eggs.
Both Agostinho et al. (2002) and this study
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revealed that a large percentage (80–90%) of
eggs in nests of L. labyrinthicus do not develop. In
our study, larval L. labyrinthicus remained in the
foam nest after hatching and subsisted on yolk
reserves until stage 25, at which time they began
to feed on undeveloped eggs in the nest.
Tadpoles continued to grow while feeding on
undeveloped eggs, almost doubling in body
length during stages 25 and 26 (Fig. 2). Like L.
labyrinthicus, larval L. fallax and some L. penta-
dactylus also feed on eggs within the foam nest
(Muedeking and Heyer, 1976; Agostinho et al.,
2002; Gibson and Buley, 2004; this study). In L.
fallax, the female attends the nest throughout
development (42–57 days) and routinely resup-
plies the nest with unfertilized eggs (Gibson and
Buley, 2004). We did not observe female L.
labyrinthicus attending nests, eggs never reap-
peared in depleted nests, and the crust on the
surface of nests never appeared disturbed; thus,
female L. labyrinthicus did not return to nests to
resupply them with unfertilized eggs. Nests of L.
labyrinthicus were provisioned with eggs only at
the time of oviposition and the egg supply was
exhausted relatively quickly (3–6 days) once
tadpoles reached stage 25. After eggs were
depleted in the nest, larval growth ceased though
development continued at least to stage 31. Thus,
tadpoles of L. labyrinthicus do not appear capable
of completing development entirely within the
nest. The mechanism by which only 10–20% of
eggs develop in foam nests of L. labyrinthicus is
unknown and warrants further study.

Once eggs are depleted, the ideal scenario is
for rains to fill the pond, flood the nests, and
wash the tadpoles into the pond. In a majority of
our nests, tadpoles were washed into the ponds
following heavy rain; however, the foam of a few
nests disintegrated prior to rain, and in at least
one nest, the foam and larvae completely
desiccated. In L. labyrinthicus, a dry crust forms
on the exposed surface of foam nests that
insulates the internal portion by retarding
moisture loss and reflecting solar radiation,
effectively protecting the tadpoles developing
within. If the foam nest maintains its integrity,
the tadpoles may survive up to 30 days (Agos-
tinho et al., 2002). However, if the nest deterio-
rates before rainfall washes tadpoles into nearby
ponds, possibly due to episodes of light rainfall
that dissipate the crust, the tadpoles eventually
desiccate. Based on the developmental stages of
the tadpoles (stages 27–31), we estimate our five
deteriorated nests were 12–16 days old when the
foam had completely disintegrated. Tadpoles of
L. labyrinthicus apparently lack the ability to
generate their own foam as in some members
of the L. fuscus species group (Downie, 1984,

1989; Caldwell and Lopez, 1989) and did not
develop beyond stage 31 within foam nests.
They may undergo developmental arrest as
reported in L. fuscus (Downie, 1994a, 1994b;
Downie and Weir, 1997), but we were unable to
assess this.

Once tadpoles of L. labyrinthicus were washed
into the ponds, eggs of other frog species,
particularly those of small hylids that breed in
response to rainfall, provided a food resource for
them. Predation on eggs and larvae of other
anuran species by free-living tadpoles of L.
labyrinthicus has been reported (Cardoso and
Sazima, 1977). In our feeding experiments,
tadpoles of L. labyrinthicus ate eggs of all three
hylid species tested and did not significantly
discriminate among species. Additionally, we
observed a tadpole of L. labyrinthicus preying on
a recently hatched Physalaemus sp. larva. Tad-
poles of L. labyrinthicus have been reported
preying on larval Physalaemus cuvieri in captivity
(Cardoso and Sazima, 1977), and tadpoles of L.
pentadactylus and L. knudseni are also known to
prey on eggs and small larvae of other species
(Heyer et al., 1975; Heyer, 1979; Hero and
Galatti, 1990). In most anuran species with the
ancestral reproductive mode (fully aquatic ovi-
position and development), breeding coincides
with heavy rains. In contrast, L. labyrinthicus
breeds at the onset of the rainy season prior to
heavy rains (Agostinho et al., 2002). Thus,
tadpoles of L. labyrinthicus enter ponds at a large
size and at an advanced developmental stage
when other species are ovipositing. The eggs and
small larvae of the latter provide an abundant
food resource for larval L. labyrinthicus.

Within the L. pentadactylus species group, at
least two reproductive modes are known (re-
viewed by Prado et al., 2002). In some species,
foam nests are deposited in depressions at the
water’s edge and tadpoles remain in the nest
until rainfall washes them into a body of water,
where they continue development (e.g., L.
knudseni: Hero and Galatti, 1990, and some
populations of L. pentadactylus: Muedeking and
Heyer, 1976). In other species, foam nests are
deposited away from water and tadpoles com-
plete their development entirely within the foam
nest (e.g., L. fallax: Davis et al., 2000; Gibson and
Buley, 2004, and some populations of L. penta-
dactylus: Hero and Galatti, 1990). The reproduc-
tive mode exhibited by L. labyrinthicus is in-
termediate to the two previously described
modes for the L. pentadactylus species group.
Based on morphological and ecological charac-
teristics, L. labyrinthicus was considered most
similar to L. pentadactylus, L. knudseni, and L.
flavopictus (Larson and de Sá, 1998; Eterovick
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and Sazima, 2000); however, phylogenetic rela-
tionships within the L. pentadactylus group are
presently unresolved and little is known about
the ecology of most species. Whether the
different reproductive modes in the genus
Leptodactylus have a phylogenetic basis can only
be answered with data on the reproductive
ecology of additional species and data on the
phylogenetic relationships among species.
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