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Abstract

Epipedobates flavopictus is a diurnal, aposematic dendrobatid with a wide distribution in seasonal wet tropi-
cal regions of Brazil. We describe the daily period of vocalization, advertisement call, courtship behavior, and
tadpole of E. flavopictus from a previously unknown population in southern Goias and compare theses features with
that of other populations. Studies were carried out in November (2004) and February (2005). We counted the number
of calling males and duration of calling bouts in the morning and evening periods. The advertisement call was
recorded with a digital recorder. Tadpole description was based on specimens collected in pools. Males called from
well-illuminated sites such as rocky fields, rain channels, and borders of riverine forests. In November, males vocal-
ized daily during two distinct periods, between 04:30 h and 10:00 h and between 16:30 h and 20:00 h. Morning
temperature varied between 20-23°C and humidity from 79-89%; during evening varied between 24-27°C and 54-82%.
In the middle of the day, temperature reached 36°C and humidity 40%. During the morning, call activity was almost
uninterrupted, in the evening calling bouts lasted around 9 min. In February, even with the occurrence of rainfall and
temperatures similar to that of November no frog vocalized. The advertisement call is composed by a single note with
7-8 pulses with frequency ascending slightly from 3.20 to 4.05 kHz. Note duration was 144 ms, and between note
intervals is 292 ms. Notes are given at a rate of 139 per minute. Upon observing the female, the male began to emit
courtship call. The female approached the male and touched him laterally with her snout. The male moved forward
and raised his hindquarters by stretching his hind legs. While leading the female, the male continued to give
courtship and advertisement calls. The male clasped the female in axillary amplexus, and the pair entered a hole in a
bank. The female deposited eggs on the surface of the soil, spreading them in groups. The egg clutches had eggs in
at least two developmental stages, recently deposited and with embryos. Tadpoles were found in small, shallow
rocky pools along a permanent stream, in well-illuminated sites at the forest border. The tadpole had the dorsal fin
arched, not extending onto body. E. flavopictus appears to be unique among dendrobatids by using open areas
subject to high temperatures and low humidity. Reproductive activity of the species ends before the end of the rainy
season, possibly to avoid loss of tadpoles during months with unpredictable rainfall. The studied call had more
notes and shorter between-call intervals than those described from other populations. The free-living tadpoles we
describe differ from those of other populations by having the dorsal fin reduced.

Key words: populational variation, Brazilian Cerrado, habitat, pattern of activity, behavior, reproduction,
advertisement call
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Resumo

Epipedobates flavopictus € um dendrobatideo diurno, aposematico que tem ampla distribuicdo em regides
tropicais do Brasil. Descrevemos o periodo diario de atividade de canto, canto de anincio, comportamento de corte
e girino de E. flavopictus de uma populacdo previamente desconhecida do sul de Goias e comparamos essas
caracteristicas as de outras populacdes. O estudo foi realizado em novembro de 2004 e fevereiro de 2005. Comparamos
0 nimero de machos em atividade de canto e a duragcdo dos periodos de canto da manha e da tarde. O canto foi
gravado com aparelho digital. A descrigdo dos girinos foi feita com base em espécimes coletados em pocas. Os
machos vocalizavam em sitios bem iluminados tais como ambientes rupestres e borda de matas ribeirinhas. Em
novembro, os machos vocalizavam diariamente em dois periodos diferentes do dia; entre 04:30 h e 10:00 h e entre
16:30 h e 20:00 h. Durante a manhg, a temperatura variou entre 20 e 23°C e a umidade entre 79 e 89%; durante a tarde
variou entre 24 e 27°C e 54 e 82%. No meio do dia, a temperatura chegou a 36°C e a umidade a 40%. Durante a manha,
a atividade de canto era quase ininterrupta, e a tarde os periodos de canto duravam cerca de 9 min. Em fevereiro,
apesar da ocorréncia de chuvas e temperatura/umidade similares as de novembro, ndo houve atividade de canto. O
canto de anuncio € composto por uma Gnica nota com 7-8 pulsos, com freqliéncia ascendente de 3,20 a 4,05 kHz. A
duracdo da nota é de 144 ms com intervalos de 292 ms. As notas sdo emitidas a uma taxa de 139 notas por minuto. Uma
vez visualizada a fémea, 0 macho comeca a emitir canto de corte. A fémea se aproxima do macho e o toca na lateral do
corpo com o focinho. O macho se move pra frente e levanta o seu quarto traseiro esticando suas pernas. Enquanto
conduzindo a fémea, 0 macho continuava a emitir cantos de corte e de anuncio. O macho amplexou a fémea axilarmente,
e 0 par entrou num buraco no barranco. A fémea depositou os ovos na superficie do solo, espalhando-0s em grupos.
Uma desova examinada tinha ovos em dois estagios diferentes de desenvolvimento: recém depositados e com
embrides. Os girinos foram encontrados em pequenas pocas rasas em rochas ao longo de um riacho permanente, em
sitios bem iluminados na borda da floresta. Os girinos tinham a nadadeira dorsal arqueada, a qual ndo se estendia
para o corpo. Aparentemente, E. flavopictus é o Gnico entre os dendrobatideos por usar areas abertas sujeitas a altas
temperaturas e baixas umidades. A atividade reprodutiva da espécie termina antes do fim da estagdo chuvosa,
possivelmente para evitar perda de girinos durante meses com chuvas imprevisiveis. O canto estudado tinha mais
notas e intervalos de cantos mais curtos que aqueles descritos de outras populagfes. O girino de vida livre que
descrevemos difere do de outras populacdes por ter a nadadeira dorsal reduzida.

Palavras-chave: variacao populacional, Cerrado brasileiro, habitat, padréo de atividade, comportamento, reproducéo,
canto de andncio.
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Introduction

Epipedobates flavopictus A. Lutz, 1925 is a diurnal,
aposematic (black, orange, and red) dendrobatid with a wide
distribution in seasonal wet tropical regions in the Brazilian
states of Minas Gerais, Goiés, Tocantins, northern Pard and
northeastern Maranhdo (Haddad & Martins 1994). Some
interpopulational variation in adult size and color has been
recognized (Haddad & Martins 1994). Haddad et al. (1988)
and Haddad & Martins (1994) described the call and the
tadpole, and Toledo et al. (2004) described egg clutches and
parental care in populations from Minas Gerais. In spite of
these previous studies, some aspects of the behavior of E.
flavopictus remain unknown, and interpopulational differ-
ences in morphology and call parameters are only partly
documented. In the present study, we describe the daily
period of vocalization, the advertisement call, courtship
behavior, and tadpole of E. flavopictus from a previously
unknown population in southern Goiés.

Material and Methods

Study Site and Procedures

This work was conducted during five days in No-
vember (2004) and in three days in February (2005) at Parque
Estadual da Serra de Caldas Novas (PESCAN) (17°46°8.7" S
and 48°39' 39" W; ca. 800 m altitude), southern Goiés, Brazil.
The PESCAN encompasses an area of 12500 ha of Cerrado
Biome. The climate is AW type, according to Kdppen clas-
sification, corresponding to rainy/hot humid tropical climate
with rains concentrated in summer (Santos 2003). Water
bodies include permanent forest streams, seasonal small
(<5 liters) pools along rocky streams, and rocky rain chan-
nels. Around the administration facilities there is a stone
garden with shallow (<20 cm) cement-bottomed pools.

Epipedobates flavopictus (Figure 1) was relatively
common at the study site. We preliminarily determined
the daily pattern of vocal activity of males of E.
flavopictus for a 24 h period by visiting reproductive
sites. Subsequently, the number of calling males was
quantified along three 50 m transects of similar vegeta-
tional aspect. Site | was a rocky field (Cerrado Rupestre)
(Figure 2-A); sites Il and 111 were two segments of a rain
channel (ca. 300 m apart) (Figure 2-B). Each transect was
walked in the morning (between 04:00 h and 10:00 h) and
evening (between 16:00 h and 20:00 h). During sampling,
air temperature and relative humidity were measured each
hour with a thermo-hygrometer (Hanna Instruments HI
8564). To compare the number of calling males in the
morning and evening periods, we used the Wilcoxon
matched pairs test (Zar 1999), performed considering the
maximal number of males in each period. While sampling
transects (mornings and evenings), we measures the du-
ration of calling bouts with a stopwatch; bouts were

arbitrarily considered different from one another if more
than one minute elapsed between them. To check for
site fidelity, males were recognized by their individual
pattern of dorsal yellow spots (see Figure 18, pg. 37 in
Eterovich & Sazima 2004). On February 26, 27, and 28,
we visited the same transects and surrounding areas to
determine the presence of calling males.

Calls of one male were recorded with a Boss 864
digital recorder coupled to a Sennheiser ME67 micro-
phone (44000 Hz; 16 bit resolution). Sound analysis was
performed with Sound Ruler software (Gridi-Papp 2003).
Tadpoles were collected in pools along permanent
streams where males where heard. The tadpoles were
described base on specimens preserved in 5% formalin
immediately after collection. Nomenclature for tadpole
anatomy follows Altig & McDiarmid (1999). A sample of
tadpoles was kept in laboratory until metamorphosis to
confirm identification; those used for description were
between stages 25 and 37 (Gosner 1960). Measurements
were taken with a caliper to the nearest 0.1 mm.

Voucher specimens are housed at the frog collection
of the Museu de Biodiversidade do Cerrado, at the
Universidade Federal de Uberlandia. Adult AAG-UFU 2526;
newly metamorphosed AAG-UFU 3157; tadpoles AAG-UFU
3151 (a lot with six tadopes).

Results

Males called from well-illuminated sites such as
rocky fields, rain channels, borders of riverine forests,
and at the rocky garden. In November, males vocalized
daily during two distinct periods, between 04:30 h and
10:00 h and between 16:30 h and 20:00 h. During the
morning, temperature varied from 20°C to 23°C and hu-
midity from 79% to 89%; in the evening, temperature
ranged from 24°C to 27°C and from 54% to 82%. In the
middle of the day, when no male called (12:00hto15:00h),
temperature reached 36°C and humidity 40%.

In the transects, the number of males calling during
the morning (Median = 5) were not different from that call-
ing during the evening (Median = 2) (Wilcoxon Z=-1.6;p=
0.11). During the morning, call activity was almost uninter-
rupted, with bouts lasting as long as 60 min and the interval
between bouts were short (ca. 1 min). In the evening calls
bouts lasted about 9 min (Mean =503 s; SD =254; N=5
males); with intervals between bouts ranging from 10 to 20
min. In hot (Mean = 25 °C; SD = 0.8; N = 3 days) rainy
(humidity 92%) days of February no male vocalized or was
saw along transects.

The advertisement call of one male was composed by
a single note whit 7-8 pulses (Figure 3) that ascended
slightly from 3.20 to 4.05 kHz. Note duration was 144 ms (SD
=2.8, N =5), and between note intervals were 292 ms (SD =
5.61, N =5). Notes were given at a rate of 139 per minute.
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One complete courtship sequence that culmi-
nated in egg deposition and two partial events were
observed at the rain channel (Site I1), all during the
morning. In the complete sequence, the female ap-
proached a calling male. Upon observing the female,
the male began to emit a low, peeping courtship call
(not recorded). The female approached the male and
touched him laterally with her snout. The male moved
forward and raised his hindquarters by stretching his
hind legs, thus revealing the orange coloration on
his legs. The male continued to move, usually in about
30 cm increments, stopping to raise his cloacae. The
female followed him, touching his flanks when he
stopped, eventually completely turning around him.
The male moved 2 m from the contact point while re-
peating this behavior; the female was never more than
20 cm apart from him. While leading the female, the
male continued to give courtship and advertisement
calls. The pair reached a small hole in the bank, where
the male called from the entrance. The male clasped
the female in axillary amplexus, and the pair entered
the hole. After about 10 min, the female began to de-
posit eggs on the surface of the soil, spreading the
eggs in groups within a circle of ca. 10 cm diameter. It
took 85 minutes from the beginning of the courtship
to beginning of egg deposition.

Examination of the egg deposition site in the follow-
ing afternoon revealed the presence of 20 eggs in at least
two developmental stages, recently deposited and with de-
veloping embryos. Including the gelatinous capsules, the
eggs with embryos measured between 4.4 and 4.7 mm in
diameter (N = 4). In the two other courtships observed the
pairs also were near (< 1 m) holes in the ground.

Seven tadpoles were found in two small, shallow (2
liters; 15 mm deep) rocky pools along a fast-moving perma-
nent stream, in well-illuminated sites at the forest border. A
male carrying tadpoles was seen near the pool in the stone
garden. Syntopic frog species at the garden were
Physalaemus cuvieri, Hyla sp. (gr. marmorata), Scinax
fuscovarius, Leptodactylus syphax, and L. labyrinthicus.

Tadpole (Figure 4). Body ovoid in lateral and dorsal
views. Nostril same distance from tip of snout as to eye;
both nostril and eye positioned dorsolaterally. Spiracle sin-
istral, located equidistant at height and length of body,
posterodorsally directed. Anal tube dextral, broad, without
a free border. Dorsal fin arched, not extending onto body;
tail tip rounded. Oral disc positioned ventrally, emarginated.
Labial tooth row formula 2(2)/3(1); A-2 gap well defined and
P-1 gap barely discernable; P-3 slightly shorter or same
length as P-1 and P-2. Oral disc surrounded by papillae ex-
cept for a broad anterior gap; papillae rounded. Papillae ina
single row, although appearing alternated; some submar-
ginal papillae laterally on disc and on posterior labium. Upper

jaw sheath arc-shaped; lower jaw sheath U-shaped. Maxi-
mal observed length 29 mm (Gosner stage 41). Body 38%
the total length. In life, dorsal surface silver on a gray back-
ground; translucent tail with some black mottling; translu-
cent belly, with some silver mottling. Snout-vent length 11.1
mm at metamorphosis (N = 1).

Discussion

Among dendrobatids, choice of egg-laying sites
is variable, with some species depositing eggs on the
ground (Wells 1978, 19804, 1980b, Roithmair 1994, Lima
etal. 2002). Toledo et al. (2004) depicted a clutch of eggs
of Epipedobates flavopictus in a mass; however, we
found that eggs were spread in small groups.
Dendrobatids are known to reproduce in primary or sec-
ondary forests (Rodriguez & Duellman 1994), even those
from the Cerrado (Haddad et al. 1988, Haddad & Martins
1994). Epipedobates flavopictus appears to be unique
among dendrobatids by using open areas subject to high
temperatures and low humidity. Reproductive activity
of Epipedobates flavopictus ends before February, prior
the end of the rainy season, possibly to avoid loss of
tadpoles during months with unpredictable rainfall.

Environmental variables such as humidity, tem-
perature and photoperiod may determine anuran breed-
ing period (Navas 1996, Navas & Bevier 2001, Hatano et
al. 2002). As in other diurnal frogs, the daily calling pat-
tern of E. flavopictus may be related to moderate tem-
peratures and higher humidity (Wells 1980a, 1980b,
Navas 1996, Narvaes 1997, Heying 2001, Hatano et al.
2002); although we did not measure light intensity, it
seems that this factor was of secondary importance, since
vocal activity occurred during full-night hours. We pre-
dict that on rainy mid-summer days the call activity may
occur throughout the day. The two-phase calling period
of E. flavopictus is similar to that described for E.
macedo (Rodriguez & Myers 1993) and E. parvulus
(Rodriguez & Duellman 1994). As indicated by the larger
time the males spent calling and the number of observed
courtship events, E. flavopictus is more active during
the morning period.

Males of several species of dendrobatids lead females
to egg-laying sites (Rodriguez & Duellman 1994, Caldwell &
De Oliveira 1999, Lima et al. 2002); we observed this behav-
ior in E. flavopictus as well. Among dendrobatids, multiple
clutches at the same site have been reported for E.
flavopictus (Toledo et al. 2004; present study) and for
Colostethus nidicola (Caldwell & Lima, 2003). This asso-
ciation between the male and the egg laying site may be
indicative of the existence of parental care in the egg phase
in these species, as already recognized in other species of
the family (Weygoldt 1987, Prohl & Hodl 1999).
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Good quality territories usually result in access to
more females (Heying 2001) and in greater offspring sur-
vival (Prohl & Hodl 1999). Territoriality, as evidenced by
site fidelity in E. flavopictus, is expected in those prolonged-
breeding frogs, and egg deposition usually occurs in de-
fended areas (Wells 1977).

Geographic variation in call parameters, color pattern,
and size of adults and larvae are known for several anurans
(Wilczynski et al. 1992, Aresco 1996, Gascon et al. 1998).
The call of E. flavopictus from our study area had more
notes and shorter intercall intervals than those described
from populations from Minas Gerais (Haddad & Martins
1994, Haddad et al. 1988). Haddad & Martins (1994) de-
scribed E. flavopictus tadpoles based on specimens col-
lected from a male’s back and Martins & Sazima (1989) pre-
sented a photo of a late-staged tadpole. The free-living tad-
poles we describe here differ from those of Haddad & Mar-
tins (1994) by having the dorsal fin reduced (not extending
onto the body), a shorter P-1 gap, and, apparently, more
numerous oral papillae. The specimen depicted by Martins
& Sazima (1989) also showed an extended dorsal fin. A re-
duced dorsal fin is a feature of several Epipedobates spe-
cies, including E. braccatus, E. pictus, and E. hahneli
(Haddad & Martins 1994, Rodriguez & Duellman 1994).
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Figure 1. Adult male Epipedobates flavopictus. Municipality of Caldas Novas, Goids, Brazil.

Figure 2. Calling sites of E. flavopictus. A - Rocky field (Cerrado Rupestre); B - Rain channel. Municipality of Caldas Novas, Goias, Brazil (08/11/2004).
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Figure 3. Advertisement call of Epipedobates flavopictus. Above- Spectrogram, Middle- Oscilogram of a single call. Below- Power Spectrum.
Call recorded in November 2004. Air temperature, 23.5°C, water temperature, 22.7°C. Sound file EpipedflavopAAGd. Unvouchered record.
Municipality of Caldas Novas, Goias, Brazil.
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Figure 4. Left, dorsal, and ventral views of a tadpole of Epipedobates flavopictus. The left-sided picture shows that the dorsal fin does not
extend onto the body. Gosner stage 27; 21.4 mm TL. Tadpole slightly stained with iodine. Municipality of Caldas, Novas, Goias, Brazil.
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