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Abstract

Vocalizations and reproductive activity of two Leptodactylus labyrinthicus populations were studied from Jun/2001
to Feb/2003 in the State of So Paulo, Brazil. Observations began at dusk and ended around 2300 h. Occasionally individuals
were monitored throughout the night. Data on reproductive period, calling sites, adult snout-vent length (SVVL), oviposition
sites, and oviposition period was collected. Leptodactylus labyrinthicus had an extended breeding period associated
mainly with rainfall. Males called from the edge of temporary or permanent ponds, began vocalization activity at dusk, and
finished around 2300 or 2400h. During the peak of the vocalization period (Dec- Jan), calling activity could extend up to 0400
or 0500h. Three types of vocalizations associated with reproduction were recorded: advertisement call, territorial call, and
courtship call. The advertisement call was the most common vocalization. Males and females showed no sexual dimorphism
in SVL. However, the males of one population were significantly larger than those of the other population studied. This fact
could be explained by frog-hunting in one of the areas, which could wipe out the larger males of the population. Foam nests
were recorded mainly in Oct-Nov 2001/2002 in depressions at the edge of temporary ponds, always protected by vegetation.
A mean of 6.5% of the eggs present in the foam were fertilized and the other 93.5% possibly are used as a food source by the
tadpoles. Mean diameter of the foam nest was 25.4 cm and mean height was 11.4 cm.
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Resumo

Durante os meses de junho de 2001 a fevereiro de 2003 foram estudados os tipos de vocalizacBes e a atividade
reprodutiva de duas populacbes de Leptodactylus labyrinthicus no Estado de S&o Paulo. As observagfes iniciaram-se
antes do ocaso e terminaram por volta de 23:00 h. Ocasionalmente, individuos foram monitorados durante toda a madrugada.
Dados sobre periodo reprodutivo, sitios de canto, comprimento rostro-cloacal dos adultos (CRC), sitios de desova e
periodo de desova foram coletados. Leptodactylus labyrinthicus apresentou padréo reprodutivo prolongado associado ao
periodo de chuvas na regido. Os machos foram encontrados vocalizando as margens de corpos d’agua temporarios ou
permanentes, comegaram suas atividades de vocalizacéo ao entardecer e cessaram entre 23:00 e 24:00 h. Durante o pico da
estacdo de vocalizacdo (dezembro a janeiro) a atividade de vocalizagéo cessou por volta de 04:00 e 05:00 h. Foram gravados
trés tipos de vocalizages com fins reprodutivos: canto de anlincio, canto territorial e canto de corte. O canto de andncio foi
a vocalizac8o mais comumente emitida. N&o foi observado dimorfismo sexual quanto ao CRC. No entanto, machos de uma
das populac@es apresentaram CRC significantemente maior do que o de machos da outra populagéo estudada. Provavelmente
esta diferenca deve-se a atividade de caca a espécie realizada em uma das areas e os machos maiores poderiam estar sendo
exterminados da populacdo. As desovas foram encontradas as margens de corpos d’agua temporarios, protegidas por
vegetacao, durante os meses de outubro e novembro de 2001/2002. Nas desovas o nimero de 6vulos fertilizados correspondeu
a aproximadamente 6,5% do total de dvulos. Os 6vulos néo fertilizados possivelmente sdo usados pelos girinos como fonte
de alimento. O diametro médio dos ninhos de espuma foi de 25,5 cm e a altura média de 11,4 cm.

Palavras-chave: Anura, Leptodactylus labyrinthicus, biologia reprodutiva, vocalizagdes, caca.
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1. Introduction

Leptodactylus labyrinthicus (Spix, 1824), amember of
the L. pentadactylus group (sensu Heyer 1979), is widely dis-
tributed throughout South America (Heyer 1979, Heyer 1995).
Although this species appears frequently in biological sur-
veys and studies on anuran communities (e.g. Haddad et al.
1988, Bernarde & Kokubum 1999, Eterovick & Sazima 2000),
its reproductive and behavioral ecology remain poorly known.

Species of the genus Leptodactylus present a great
number of reproductive adaptations including examples of
low dependence on water bodies, such as nests deposited
in depressions or burrows and exotrophic tadpoles devel-
oping in water (Prado et al. 2002). In more specialized modes
foam nests are placed on the land in subterranean chambers
dug out by the males; feeding larvae in advanced stages are
released through floods or rain, and complete metamorpho-
sis in water. Heyer (1975) suggested that the evolution of
foam nests was of primary importance for leptodactylines
to successfully penetrate the savannas during the Andean
uplift in the Miocene. Several functions were attributed to
the foam, such as: protection against thermal damage
(Gorzula 1977), potential food source for tadpoles (Tanaka
& Nishihira 1987), prevention of dessication (Downie 1988),
and respiratory advantages to the embryos (Seymour 1994).
Downie (1988) investigated a number of possible functions
for the foam nests in Physalaemus pustulosus and found
best evidence for foam as protection against egg predation.

Vocalizations in anurans are very important not only
as a reproductive isolation mechanism but also for social
interactions (Littlejohn 1977, Wells 1977). Several studies
have shown that social as well as environmental factors
influence some call characteristics, such as: dominant fre-
quency, number of pulses, duration, and repetition rate of
the note (Well 1988, Wilczynski & Ryan 1999).

The aims of the present study were to determine the
spatial and temporal distribution of Leptodactylus
labyrinthicus in two areas, to describe the types of calls
and call structure in an attempt to understand some aspects
of the social relationships during the reproductive period of
the species, to determine the body size of adults, and to
examine clutch characteristics.

2. Materials and Methods

Field observations were made at the sitio Cantaclaro
(22U16°S, 47° 42°W), in Itapé, municipality of Rio Claro,
State of S&o Paulo, Brazil. This area with 7 ha was originally
covered by Cerrado vegetation but now crops and pastures
replace it. The region is characterized by a humid subtropi-
cal climate, with a rainy summer and a dry winter. The dry
season is from April to September and the rainy season is
from October to March. Data was collected weekly from
June 2001 to February 2003, during the rainy season, and
once a month during the dry season.

Additional information about adults snout-vent
length (SVL) and vocalizations was also collected in the
Estagéo Ecoldgica de Itirapina (ESI) (22°15°S, 47°49°W). The
ESI lies between the municipalities of Brotas and Itirapina,
S&o Paulo State, Brazil. This area is one of the last remnants
of pristine Cerrado in the State of Sdo Paulo. During the
rainy season, several species of anurans are observed in
reproductive activity in newly formed ponds.

During the study period, the number of calling males,
dusk hour, hour of call activities initiation and cessation,
calling sites, presence of females, and clutches were ob-
served in Itapé. Dusk hour was defined as the time when we
started to need flashlights for the observations. We exam-
ined a possible correlation between the time of the onset of
the vocalization activities, dusk, and environmental vari-
ables (air temperature and rainfall) using the Pearson corre-
lation test (Zar 1999). Meteorological data was obtained
from the meteorological station of Rio Claro (CEAPLA-IGCE-
UNESP), 15 km from Itapé. We also recorded the meteoro-
logical conditions (presence of rain and wind) while collect-
ing data in the field.

On each night, different habitat types were visited,
such as temporary ponds (formed during the rainy season),
streams, and an artificial lake. Field observations started
before dusk and finished around 2300h. Occasionally, dur-
ing the rainy season, toe-clipped individuals (Martof 1953)
were monitored throughout the night.

\ocalizations were recorded with a Sony TCM 20 DC
tape recorder and a Leson MK2-Plus cardioid microphone.
Air temperature was measured at the time of each recording.
The spectrograms and waveforms were produced using a
Macintosh computer and the software Canary 1.2 with “frame-
lenght” 256 points and FFT 256 points. Acoustic variables
measured were: call dominant frequency, maximum frequency,
minimum frequency, fundamental frequency, note duration,
note repetition rate, and interval between notes. We analyzed
15 advertisement calls from 15 different males, 10 courtship
calls from two males, and one territorial call. In order to test for
relationships among call parameters we performed an ANOVA
been significantly P < 0.05 (Zar 1999). To compare some pa-
rameters individually, we used the Tukey HSD test.

SVL of individuals were measured to the nearest 0.1
mm with a caliper ruler. We used the Student’s t-test (t) to
test for a possible sexual dimorphism in SVL been signifi-
cantly P < 0.05 (Zar 1999). To test for differences between
the SVL of individuals from both populations we used the
Mann Whitney test (Zar 1999).

Clutch period, oviposition sites, and number of
eggs per clutch were recorded and depth and diameter
of foam nests were measured with a ruler. Clutches were
collected and preserved in 5% formalin as soon as the
fertilized eggs could be distinguished from the unfertil-
ized eggs. Number of eggs was counted and egg diam-
eter was measured to the nearest 0.1 mm with an ocular
micrometer in a Zeiss SV 11 steroreomicroscope.
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3. Results

3.1. Spatial and temporal distribution during the
reproductive period and the influence of climatic
factors on the reproductive activity

Vocalization activity of Leptodactylus labyrinthicus
began in September/2001 and ended in February/2002. The
peak of activity was recorded in December (Fig. 1). The
vocalization activity in the following reproductive period
extended from August/2002 to January/2003 with a peak
again in December/2002 (Fig. 1). During the most active
months, males ended their vocalization activity around 0400
h; in the remaining vocalization period, they ended calling
between 2300 h and 2400 h. With rain or strong winds, males
stopped calling, but restarted vocalization activities after
these conditions ended. There was a positive and significa-
tive correlation between dusk and time of beginning of call-
ing activity (r = 0.6792; P < 0.01). Females were recorded
between October/2001 and January/2002 and the greatest
number of females was recorded from December/2001 to
January/2002 (Fig. 1). In the following reproductive period,
females were recorded between September/2002 and Janu-
ary/2003, with the greatest number of females occurring in
November and December. There was a positive and signifi-
cative correlation between monthly rainfall and number of
calling males (r = 0.6294; P < 0.01), and between monthly
rainfall and number of females recorded in the field (r = 0.6702;
P <0.01) (Fig. 1). There was also a positive and significative
correlation between mean monthly air temperature and num-
ber of males recorded in vocalization activity in that month
(r=0.5321; P <0.01) (Fig. 2), and between mean monthly air
temperature values and number of females recorded in the
field (r=0.4821; P <0.01) (Fig. 2).

In Itapé, calling males of Leptodactylus labyrinthicus
were found at the edge of temporary ponds, streams, and
permanent lakes. Ten males from the Itapé population were
marked; eight of them were observed returning to the same
calling site or moved only a few centimeters during a week
interval. Males from the Itirapina population were recorded
calling from the edge of large swamp areas. They called in
aggregations in which the minimum distance of the nearest
male was about 2 m. In both study areas, males used bur-
rows or depressions on the floor as calling sites, or they sat
in shallow water always with the head out of the water and
turned to the center of the water body. In most cases they
were covered by vegetation. During the day, individuals
from both populations were found sheltered inside of
armadillo’s dens or burrows near the water bodies.

3.2. Vocalizations and acoustic interactions

Within a behavioral context we recognized three vo-
calization types related to reproduction: advertisement call,
territorial call, and courtship call. The advertisement call
was the most common, being emitted either in the presence

or absence of conspecific males and females. This vocaliza-
tion has no pulses and is formed by one low note with
increasing intensity (Table 1), that could be heard from long
distances (up to 1 km). When the recordings were made at
distances of more than 1 m, only the fundamental frequency
was evident; when the calls were recorded closer than 1 m,
it was possible to identify more than two harmonics (Fig. 3);
(Table 1). Males from Itirapina that called in aggregations
frequently alternated their advertisement calls. Mean inter-
val between the notes of the advertisement calls emitted in
such situations was 1215.7 ms (n=5; SD= 311.4; range=
840-1531), significantly higher when compared with the in-
terval between notes emitted by isolated males, 1008.7
(n=10; SD=133.4; range=722-1351) (P <0.01); (Table 1).

Territorial call was recorded only once although it
was heard on some occasions (n= 5), always emitted be-
tween advertisement calls and only during vocal interac-
tions among conspecific males that were calling in aggrega-
tions (Table 1); (Fig. 4).

The courtship call was emitted when males were near
to conspecific females (1 to 4 m) (n=10); (Fig. 5). Repetition
rate was significantly higher when compared with the rep-
etition rate of the advertisement call (P < 0.01); (Table 1).
Note duration was significantly shorter than the note dura-
tion of the advertisement calls (P < 0.01); (Table 1). The
interval between notes of the courtship calls was signifi-
cantly shorter than the interval between notes of the adver-
tisement call (P < 0.01); (Table 1).

3.3. Body size

Mean SVL of females from Itapé was 155.0mm (n=8§;
SD =12.3; range = 125-160 mm) and mean SVL of males of the
same population was 152.3 mm (n = 10; SD = 10.6; range= 135-
170 mm). Mean SVL of females from Itirapinawas 157.0mm (n
=5; SD =10.4; range = 144-165 mm) and the mean SVL of males
of the same population was 170.0 mm (n=5; SD = 18.9; range=
165-210 mm). Males and females show no sexual dimorphism
in SVL neither from Itapé (t=0.131; P =0.890) nor from Itirapina
(t=2.09; P=0.074). However, males of the Itirapina population
and those of the Itapé population had differences in SVL (U=
10.0; P<0.01), the males from Itirapina being larger. There was
no significant differences between females’ SVL from the two
studied populations (U=5.0.; P =0.527).

3.4. Clutches

Oviposition occurred from October to November in
2001 and 2002, both in Itapé and Itirapina. Foam nests were
white and had the consistence of whipped egg white. After
one or two days without rain, the foam surface dried out,
forming a thick and hard layer. The foam nests were found
at the edge of temporary ponds, always covered or sur-
rounded by vegetation (Fig. 6). Mean diameter of foam nests
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Figure 1- Mean number of Leptodactylus labyrinthicus individuals found during the study period and total monthly rainfall, municipality

of Rio Claro, State of Sdo Paulo, Brazil.
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Figure 2- Mean number of Leptodactylus labyrinthicus individuals found during the study period and mean monthly air temperature,

municipality of Rio Claro, State of Sdo Paulo, Brazil.
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Figure 3- Three advertesiment calls of Leptodactylus labyrinthicus recorded closer than 1 m from the male. Note the three harmonics.
Spectrogram (upper) and waveform (lower). Recorded at 2010 h at Itapé, municipality of Rio Claro, State of Sdo Paulo, Brazil. Air
temperature = 21 °C, water temperature = 20 °C
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Figure 4- Territorial call of Leptodactylus labyrinthicus. Spectrogram (upper) and waveform (lower). Recorded at 1930 h at the Estacdo
Ecoldgica de Itirapina, municipality of Itirapina, State of Sdo Paulo, Brazil. Air temperature = 20°C, water temperature = 18°C.
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Figure 5- Courtship calls of Leptodactylus labyrinthicus. Spectrogram (upper) and waveform (lower). Recorded at 2000 h at Itapé,
municipality of Rio Claro, State of Sdo Paulo, Brazil. Air temperature = 19 ° C, water temperature = 20° C.

Figure 6- Foam nest of Leptodactylus labyrinthicus in a pond at Itapé, municipality of Rio Claro, State of Sdo Paulo, Brazil.
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NR (notes
MIF (Hz) MAF (Hz) FF (Hz) ND (ms) IN (ms)
per minute)
1% harmonic of the 1008.7 +
208.1+38.8 539.4+220 391.3+424 176.6+355 45.1+6.9
advertisments call 133.4
2 " harmonic of the
4309+252 9139+344 _ _ _
advertisments call
3 harmonic of the 1298.8 +
753.4+6.3 _ _ _ _
advertisments call 56.8
Territorial call 270 556 420 335 _ _
Courtship call 281.0+19.3 562.3+19.3 431.0 121+121 64.0 736.1+36.7

Table 1- Acoustic characteristics (mean + standard desviation) of the advertisemnet call of isolated males (n= 10), courtship call (n= 10),
and territorial call (n= 1) of Leptodactylus labyrinthicus. MIF, minimun frequency; MAF, maximum frequency; FF, fundamental
frequency; ND, note duration; NR, note repetition rate; IN, interval between the notes.

was 25.5 cm (n=14; SD = 3.52; range= 19-27cm), and mean
heightwas 11.4 cm (n = 14; SD = 1.5; range= 10-13 cm). The
mean diameter of the gray pigmented eggs was 1.87 mm (n =
30; SD = 0.20 mm; range = 1.41-2.21 mm). The mean egg
number per clutch was 4.099 (n =5; SD = 3.085.6 eggs; range
=1.817-9.470 eggs;). Amean of 6.5% of the eggs within the
foam developed (n =5; SD = 3.1%; range = 3.4 — 11.5%).

4. Discussion

4.1. Spatial and temporal distribution during the
reproductive period and the influence of climatic
factors on the reproductive activity

Leptodactylus labyrinthicus had an extended breed-
ing season (sensu Wells 1977), the males calling for six con-
secutive months. According to Agostinho (1994), females
of L. labyrinthicus arrive at the reproductive sites only for
mating, which could explain the fact that they were recorded
at the reproductive sites only at the peak of the reproduc-
tive season. Activity peaks of males and females occurred
two months after the onset of the wet season and seemed to
be related to the formation of appropriate habitat for
reproduction, such as temporary ponds. The positive and
significative correlation between the reproductive period
and abiotic factors (air temperature and rainfall) is commonly
recorded in studies on anurans, and apparently these fac-
tors influence not only the onset of the reproductive period

but also its duration. Rainfall may signal water availability,
stimulating anuran reproductive activity and influencing the
reproductive success (Telford & Dyson 1990, Gascon 1991).
The influence of the light intensity was detected by the
positive correlation established between dusk and the be-
ginning of vocalization activities.

The interruption of vocalization as a consequence of
heavy rain or strong winds has been recorded for other frog
species, such as Hyla elegans and Hyla raniceps (Bastos &
Haddad 1995, Guimarées & Bastos 2003). Probably these events
exert an acoustic interference on the vocalization of frogs.

Calling sites of L. labyrinthicus recorded in this
study agree with those described for this species at other
localities (Haddad et al. 1988). The low density in both stud-
ied populations also agrees with other studies on this spe-
cies (Agostinho 1994).

The fidelity of the males to the same calling site for
more than one night, as recorded in Itapé, could increase mat-
ing chances of these males, since the time of permanence in
the same calling site is a factor that influences the reproduc-
tive success of prolonged breeder species (Given 1988, Ritke
& Semlitsch 1991). The return of an individual to the same
calling site has been considered as a manifestation of territo-
rial behavior in anurans (Crump 1972, Rosen & Lemon 1974,
Greer & Wells 1980). Males of L. labyrinthicus were found
calling isolated or in reproductive aggregations. This fact may

http://www.biotaneotropica.org.br
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be related to the higher density of individuals in Itirapina,
compared with those in Itapé, or may be related with a higher
availability of reproductive resources in Itirapina, since this
area presents larger temporary water bodies compared with
Itapé during the rainy season. Schwartz (1994) showed that
the formation of reproductive aggregations provides some
advantages for males by reducing predation risks and increas-
ing efficiency of sound communication.

Diurnal shelters used by some individuals of L.
labyrinthicus may reduce desiccation risks and the shel-
ters may be used as a refuge against some visually-
oriented predators.

4.2. VVocalizations and acoustic interactions

Haddad et al. (1988) described the advertisement call of
Leptodactylus labyrinthicus from Serra da Canastra, Brazil,
as being a low frequency call with dominant frequency cen-
tered at 0.1 and 0.6 kHz, note duration of 0.13 s, and an average
note repetition rate of 40 calls/minute. Marquéz et al. (1995)
has also described the advertisement call of the same specie
from Santa Cruz, Bolivia, as being a low frequency call of
medium durantion with dominant frequency centered at 0.36
and 0.42 kHz, note duration of 0.21 s, and a an average note
repetition rate of 53.9 calls/minute. Although those acoustic
parameters are somewhat comparable to the characteristics
described by us, the existence of harmonics and the increas-
ing intensity of the calls were not reported, probably because
of the different methods of recording and/or different equip-
ments of sound analysis employed in those studies.

The low frequency note of the advertisement call of
Leptodactylus labyrinthicus propagates at long distances.
This lower frequency can be explained by the species’ habi-
tat, by its home range, and also by its large body. Schigtz
(1967) showed qualitative differences in acoustic proper-
ties of anuran vocalizations in savanna and rainforest habi-
tats in western Africa. Frogs from open habitats, such as
desert and grasslands, tend to have lower- pitched adver-
tisement calls than those from forested habitats (Schigtz
1967). Low frequency calls propagate to greater distance
because they are less attenuated than higher frequency calls.
Blair (1964) observed differences in the dominant frequency
related to species body size, and showed that larger species
have lower dominant frequency when compared with smaller
species. Leptodactylus labyrinthicus is a large species of
open formations; those characteristics could explain the
evolution of lower advertisement call frequency. Probably
the female may locate a calling male of L. labyrinthicus even
at long distance. This could be an adaptative characteristic,
especially in populations with low densities and large home
range, which is the case of L. labyrinthicus.

In a reproductive aggregation, such as that recorded
in Itirapina, the neighbor males are the principal hindrance

to mating success, because they may interfere acoustically
and/or intercept females (Wells 1988, Brenowitz 1989). Some
strategies could be used to avoid these problems, such as
temporal call alternation (Rosen & Lemon 1974, Ayre et al.
1984, Schwartz 1987), that reduce acoustic interferences.

Territorial calls were emitted in the moment when males
were alternating their calls within the aggregations. Appar-
ently this call reinforces the information of site occupation by
the calling male. Territorial call has a high energetic cost since
it is frequently less attractive to the females (Wells 1988) and
probably that is the reason why it was not often emitted.

In anurans, the courtship call is generally very simi-
lar to the advertisement call in duration and structure; how-
ever, in some cases, it is emitted at lower intensity and with
higher note repetition rate (Wells 1988). The higher note
repetition rate of the courtship call, as observed here for
I. Labyrinthicus, when compared with those of the adver-
tisement call probably facilitates the female’s orientation
and approach to the calling male (Wells 1988).

4.3. Body size

Wells (1978), while studying species of the genus
Rana, suggested that larger body size of males compared with
conspecific females is an adaptation to physical interactions
among territorial males. According to Shine (1979), males gen-
erally do not grow as large as female unless male reproductive
success is determined by the ability to defeat other male in
“wrestling” bouts. Silva et al. (in press) also found no sexual
dimorphism in size in Leptodactylus labyrinthicus in the
Municipality of Uberlandia, State of Minas Gerais, and in the
same study described a fight between males. Nevertheless, in
some frog species males are smaller than females and even so
fight with conspecific males for territory (e.g. Hyla minuta, H.
elegans) (Haddad & Cardoso 1992, Bastos & Haddad 1995).
Therefore, the selective pressures determining sexual dimor-
phismin SVL are still unclear.

Leptodactylus labyrinthicus males from Itapé had sig-
nificant smaller SVLswhen compared with males from Itirapina.
Explanations for this fact may be: (1) hunting pressure exerted
by humans in some areas, such as the sitio Cantaclaro, would
eliminate larger individuals from the population, or the indi-
viduals may be caught before reaching larger body sizes. We
did not recorded such a trend in protected areas such as the
Estacdo Ecoldgica de Itirapina; (2) a population genetic varia-
tion; and (3) a smaller availability of food in Itapé when com-
pared with Itirapina would restrict male’s body size. The val-
ues of females’ SVL indicate that the most likely hypothesis is
the hunting pressure, since there were no significant differ-
ences in the females’ SVL between the two populations.
Probably the males are hunted more easily than females be-
cause they emit vocalizations, being thus easier to locate, and
because they are more exposed in the same calling site for
more then one consecutive night.
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4.4, Clutches

The observation of clutch sites agrees with Vizotto
(1967), who studied a population of Leptodactylus
labyrinthicus at another site in the State of S&o Paulo, Bra-
zil. The large number of unfertilized eggs found in the foam
nest are a food source to the tadpoles, allowing them to
survive until the next rainfall (Prado et al. in press, Silva et
al. in press). This behavior is known for other species of the
L. pentadactylus group. Leptodactylus pentadactylus lar-
vae at Barro Colorado and Gamboa, developing in potholes
away from the food resources of the pond, probably fed on
the same species’ eggs placed above them (Muedeking &
Heyer, 1976). As L. labyrinthicus reproduces in temporary
ponds, the deposition of trophic eggs, as well as the protec-
tion against predators and desiccation conferred by the foam
nests, may be important features allowing the species to
occupy seasonal areas, such as the Cerrado.
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