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ABSTRACT. The brilliant-thighed frog [Allobates femoralis  (Boulenger, 1884)] is distributed across the Amazon basin and aggregates several allopatric 
evolutionary lineages, some of which present variation in their advertisement calls. In 2009, an unregistered call phenotype was discovered in the region 
of Altamira and Vitória do Xingu, State of Pará, Brazil, where males emit advertisement calls formed by six notes, diff ering from the typical four-note 
calls described for other A. femoralis populations. In this study, we describe in detail these untypical calls. Additionally, we test whether the aggressive 
responses of males of a 4-note reference population (Reserva Ducke - RFAD, in Manaus, States of Amazonas) is diff erential towards the 6-note calls 
of males recorded in Altamira (Pará State), and towards 4-note calls recorded in one location at the Tapajós-Xingu interfl uve (Belterra, Pará State), 
and in RFAD. Playback experiments were conducted between 2011-2012, and used standardized stimuli produced from natural call recordings. A total 
of 30 independent experiments were conducted, 10 for each stimuli class. We measured the phonotaxis of focal males in relation to the loudspeaker, 
considering the time to orientation and the time to approach the loudspeaker. We found that not all A. femoralis males at RFAD promptly recognize calls 
from males recorded in Altamira. However, when considering only males who approached the loudspeaker, diff erences in aggressive reactions were not 
seen between stimuli classes. Our fi ndings show that the ability to recognize calls from Altamira as belonging to co-specifi c males is not universal among 
males at RFAD. The new A. femoralis phenotype occurs in areas potentially impacted by the Belo Monte hydroelectric complex and complementary 
studies indicate that no gene fl ow exists between this group and A. femoralis from adjacent regions. Hence, developments in Altamira may put this 
incipient speciation process at risk.

KEYWORDS. Advertisement calls, Dendrobatoidea, playbacks, Belo Monte dam, territorial behavior.

Acoustic signals are fundamental for long-range 
communication in anurans, and especially important in 
intraspecific interactions (Gerhardt & Huber, 2002; 
Wells, 2007). Advertisement calls are usually the most 
frequent and conspicuous signals emitted by anurans and 
often have multiple roles, acting both as mating signals 
and as cues for territory ownership by a particular male 
individual (Gerhardt, 1992; Pröhl, 2005).In the context 
of territoriality and intraspecifi c aggressive behavior, the 
accurate detection of conspecifi c calls is essential in verifying  
the presence and position of intruders within the defended 
area within one’s home range, which might contain key 
reproductive and survival resources (Donnelly, 1989a,b; 
Poelman & Dike, 2008). Mistaking heterospecifi c for 
conspecifi c acoustic signals might, for example, produce an 
unnecessary aggressive physical response. Such interactions 
can be energetically costly or expose the territory holder to 
a greater risk of being seized by predators.

However, intraspecifi c diff erentiation in advertisement 
calls is common among anurans, and might involve changes 
in average and range values of continuous acoustic traits 
(e.g. duration, bandwidth, peak frequency) of elements 
that constitute the acoustic signal, or more obvious shifts 
in composition of elements of call repertoire (Bee et al., 
2001; Ryan & Rand, 2003; Boul et al., 2007; Guerra & 
Ron, 2008; Rodríguez et al., 2010). Although intraspecifi c 
variation of discrete elements occurs to some extent among 
acoustic signals of sympatric males of Neotropical anurans 
(e.g., Guerra & Ron, 2008; Simões & Lima, 2011), fi xed 
diff erences have also been reported among allopatric groups 
of individuals, and these diff erences have been generally 
attributed to evolutionary eff ects of isolation by distance or 
vicariance, potentially reinforced by sexual selection (Boul 
et al., 2007; Guerra & Ron, 2008; Amézquita et al., 2009).

The Allobates femoralis complex (Anura: 
Aromobatidae) comprehends a large number of closely 
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related evolutionary lineages of diurnal leaf-litter frogs, 
widely distributed in terra-firme forests of the Amazon 
basin, which are currently classified as a single taxon 
(Grant et al., 2006; Santos et al., 2009; Simões et 
al., 2010). Throughout their distribution, some of 
these lineages present conspicuous variations in their 
advertisement calls, which play a key role in territory 
defence by males, who use sound cues to readily locate and 
attack conspecific intruders (Hödl, 1987; Amézquita et 
al., 2006; Ursprung et al., 2009). Variation in the number 
of notes that constitute each call has been reported for 
the species. However, calls tend not to vary in relation 
to note number within the same lineage or population 
(Amézquita et al., 2006, 2009). 

In 2009, a distinct call phenotype was discovered 
in the region of Altamira, on the left bank of the Xingu 
River, a clear-water southern tributary of the Amazon. 
In this location, A. femoralis males emit calls formed by 
six notes, a pattern distinct from that of the typical, and 
geographically prevailing advertisement calls, formed by 
four notes (Amézquita et al., 2009; Simões et al., 2014). The 
evolutionary implications of call variation in A. femoralis 
from Altamira are vastly unknown, but no sharing of 
mitochondrial DNA haplotypes is detected between this 
group and other A. femoralis distributed in locations adjacent 
to the geographic boundaries of the Altamira region (Simões 
et al., 2014). Also, areas occupied by this novel acoustic 
phenotype are currently at risk, being potentially affected 
by large-scale developmental projects, which include the 
construction of the Belo Monte hydroelectric power-plant, 
and its associated dams and reservoirs (Fearnside, 2006). 
Evidence relating geographically restricted call differentiation 
to the loss of intraspecific recognition would imply that 
deforestation, flooding or induced drought resulting from 
damming the Xingu River could put an incipient speciation 
process in jeopardy. 

In this study, we characterize the calls of Allobates 
femoralis recorded in the vicinities of the cities of 
Altamira and Vitória do Xingu, in the State of Pará, 
Brazil. Additionally, we investigate possible effects of 
call differentiation on intraspecific male-male recognition 
considering a territorial behavior context. Using playback 
experiments, we test whether A. femoralis males from 
Reserva Florestal Adolpho Ducke (RFAD), a 100 km2 forest 
fragment in Manaus, central Amazonia, present different 
aggressive territorial responses towards calls formed by 
six notes recorded in Altamira, when compared to calls 
of sympatric males, and calls recorded in a third location, 
approximately 300 km west of Altamira, where males emit 
calls formed by four-notes, resembling those emitted by 
A. femoralis at RFAD.

MATERIALS AND METHODS

Characterization of advertisement calls was based 
on 11 call recordings of 11 individuals conducted in four 
sampling sites near the cities of Altamira and Vitória do Xingu 
(Fig. 1a, b) between March 2009 and February 2010. Calls 

were recorded with a Sony WM D6C cassette tape recorder 
or a Marantz PMD660 digital recorder, and Sennheiser ME66 
directional microphones positioned about 1.0 m from the 
focal male. When necessary, calls were digitized from tapes 
at 44.1 kHz and 16 bit resolution using Raven 1.3 software 
(Charif et al., 2004). For digital recordings, we applied a 
sampling rate of 44.1 kHz. From each individual recording, 
we selected three calls from the section that contained the 
least background noise. The first and the last two calls of 
each calling bout were never selected, in order to avoid 
accounting variation introduced by warm-up calls and fatigue. 
From each call, we measured a set of 34 acoustic variables 
relating to temporal and spectral parameters of the call (Tab. 
I), individual notes and silent intervals. Spectral analyses 
were conducted with a frequency resolution of 82 Hz and 
2048 points. All measurements were conducted in Raven 
1.3. Final values are presented as the average across the 
individual mean values for each call parameter.

We conducted field playback experiments at the 
Reserva Florestal Adolpho Ducke (RFAD), a 100 km2 
natural reserve of well-preserved primary rainforest north 
of the city of Manaus, central Amazonia, Brazil (02°55’- 
03°01’S, 59°53’- 59°59’W). Experiments aimed to test 
whether A. femoralis males from RFAD presented distinct 
aggressive responses towards calls formed by six notes 
recorded in the Altamira region, and calls formed by four 
notes, recorded in Belterra (~300 km west of Altamira, 
03°09’27”S, 54°51’34”W) and Manaus (sympatric males 
recorded at RFAD) (. 1a).

Acoustic stimuli used in the experiments were prepared 
by editing original recordings of natural A. femoralis calls 
obtained in the three locations. Stimuli were standardized 
in relation to number of calls per call bout (20 calls/bout), 
duration of silent intervals between call bouts (5 seconds) 
and call amplitude (20 dB). Call editing was performed in 
Raven 1.3. A total of 10 independent stimuli (i.e., derived 
from natural calls of 10 distinct males) were prepared for 
each treatment and stored in .WAV digital format. A brief 
characterization of the acoustic stimuli is available in Tab. II 
and Fig. 2.

Playback experiments at RFAD were carried out 
from December 2011 to April 2012, during the local rainy 
season, overlapping with the expected peak of reproductive 
activity for A. femoralis in the reserve (Lima et al., 2006). 
Playback procedures followed Erdtmann et al. (2011). 
Each experiment began with the visual location of a calling 
focal male, and consisted in the broadcast of an acoustic 
stimulus from a fixed distance of 1.5 m from the calling male. 
Stimuli were broadcast using a digital portable sound player 
(G-flash wma-mp3 player, Maxfield, Germany) and portable 
loudspeakers (SRS-M30, Sony, Thailand). Volume controls 
of loudspeakers and sound players were fixed to represent a 
stimulus intensity of 75dB at 1.5 m from the loudspeakers. 
Experiments were conducted by a sound operator and one 
observer. Broadcast started as soon as the focal male had 
resumed calling after placement of the loudspeakers by 
the sound operator. The experiment ended when males 
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Fig. 1. (A) Location of the study site and sources of Allobates femoralis (Boulenger, 1884) acoustic stimuli in the Central Brazilian Amazon. Open 
triangle: Reserva Ducke (RFAD), north of Manaus, State of Amazonas, where behavioral experiments were conducted. At RFAD A. femoralis males 
emit advertisement calls formed by four notes. Open dot: Belterra, State of Pará, where A. femoralis males also emit calls formed by four notes. Solid 
dot: Altamira, State of Pará, where A. femoralis males emit calls formed by six notes. (B) Distribution of the six-note advertisement call phenotype of A. 
femoralis in the Altamira region (gray dots) and depiction of hypothesized effects of Belo Monte power plant along the area delimited by a black dashed 
line in (A). The estimation of impacted areas was adapted from Sevá Filho (2005) and does not depict effects predicted from forest clearing and other 
human activities around the urban perimeters of Altamira and Vitória do Xingu.

had moved into a 30 cm radius from the loudspeakers or 
after seven minutes of broadcast without any phonotactic 
behavior. During the experiment, the observer registered the 
time elapsed from broadcast start to the focal male’s first 
orientation towards the stimulus (latency to orientation), 
and the time to reaching the <30 cm radius around the 
loudspeakers (latency to approach). Focal males that did 
not respond phonotactically to an allopatric stimulus from 

Altamira or Belterra were immediately subjected to control 
experiments with a stimulus from RFAD. 

To avoid pseudo-replication, each focal male 
was tested only once and for a single acoustic stimulus. 
Differences in the aggressive behavior of males towards 
the three classes of acoustic stimuli were evaluated with the 
non-parametric Kruskal-Wallis test, performed in Systat 8.0 
(Wilkinson, 1990).
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Tab. I. Temporal and spectral parameters of advertisement calls measured from 11 Allobates femoralis (Boulenger, 1884) males recorded near 
Altamira, State of Pará, Brazil, between March 2009 and February 2010. Three calls were sampled from each male. Average values between calls of 
each male were used to calculate overall means, standard deviations, and ranges of each parameter. Relative position of notes and silent intervals are 
depicted in Fig. 3b.
Measurement Mean ± 1SD (min–max)
Silent interval between calls (s) 0.69 ± 0.18 (0.52–1.16)
Call duration (s) 0.64 ± 0.03 (0.58–0.69)
Peak frequency of call (Hz) 3511.53 ± 149.99 (3316.10–3836.50)
Lower frequency of call (Hz) 3093.20 ± 91.71 (2884.60–3204.63)
Upper frequency of call (Hz) 4117.57 ± 103.09 (4010.30–4325.63)
Duration of the 1st note (s) 0.04 ± 0.01 (0.02–0.05)
Duration of the 2nd note (s) 0.06 ± 0.01 (0.04–0.07)
Duration of the 3rd note (s) 0.04 ± 0.01 (0.03–0.05)
Duration of the 4th note (s) 0.06 ± 0.01 (0.05–0.08)
Duration of the 5th note (s) 0.04 ± 0.01 (0.03–0.05)
Duration of the 6th note (s) 0.06 ± 0.01 (0.05–0.08)
Silent interval I (s) 0.03 ± 0.01 (0.02–0.04)
Silent interval II (s) 0.10 ± 0.01 (0.09–0.12)
Silent interval III (s) 0.03 ± 0.01 (0.02–0.038)
Silent interval IV (s) 0.12 ± 0.01 (0.10–0.14)
Silent interval V (s) 0.029 ± 0.01 (0.019–0.038)
Peak frequency of 1st note (Hz) 3423.12 ± 97.75(3291.00–3585.26)
Lower frequency of 1st note (Hz) 3090.63 ± 89.31 (2885.93–3208.30)
Upper frequency of 1st note (Hz) 3726.47 ± 115.61 (3593.93–3914.10)
Peak frequency of 2nd note (Hz) 3544.15 ± 148.96 (3323.26–3793.40)
Lower frequency of 2nd note (Hz) 3158.91 ± 96.27 (2984.26–3339.53)
Upper frequency of 2nd note (Hz) 4016.99 ± 96.14 (3889.66–4162.56)
Peak frequency of 3rd note (Hz) 3462.92 ± 142.64 (3294.60–3761.13)
Lower frequency of 3rd note (Hz) 3119.70 ± 99.21 (2898.86–3264.46)
Upper frequency of 3rd note (Hz) 3800.87 ± 144.94 (3667.40–4048.70)
Peak frequency of 4th note (Hz) 3582.00 ± 159.78 (3323.26–3836.50)
Lower frequency of 4th note (Hz) 3217.23 ± 98.90 (3007.53–3383.50)
Upper frequency of 4th note (Hz) 4095.87 ± 107.19 (3969.93–4284.20)
Peak frequency of 5th note (Hz) 3461.61 ± 140.79 (3301.76–3739.56)
Lower frequency of 5th note (Hz) 3122.54 ± 102.52 (2911.80–3261.90)
Upper frequency of 5th note (Hz) 3809.93 ± 133.58 (3667.36–4048.70)
Peak frequency of 6th note (Hz) 3583.63 ± 160.45 (3323.26–3836.50)
Lower frequency of 6th note (Hz) 3219.01 ± 96.77 (3030.86–3404.23)
Upper frequency of 6th note (Hz) 4101.78 ± 109.35 (3977.66–4302.33)

RESULTS

Advertisement calls of Allobates femoralis from 
the Altamira region are formed by the repetition of six 
notes arranged in couplets. We define each sequence of 
calls as a call bout (Fig. 3a). Within bouts, individual calls 
(i.e. groups of three couplets) are 0.64 s long in average. 
The first note of each couplet is shorter (generally 0.04 s 
long, in average) than the following note (0.06 s long, in 
average) (Fig. 3b). Within couplets, notes are split by a 
very short (0.03 s long) silent interval. Couplets are split by 
longer (~ 0.10–0.12 s long) silent intervals (Tab. I). Notes 
are tonal, with ascending frequency. Frequency modulation 
is narrower in the first note of each couplet (Fig. 3b). The 
average peak frequency of the advertisement call is around 
3.5 kHz, call bandwidth is generally between 3.1 and 4.1 
kHz (minimum observed value for lower frequency of 

call is 2.9 kHz, and maximum value for upper frequency 
of call is 4.3 kHz) (Tab. I).

From a total of 30 playback experiments conducted 
at RFAD, only one focal male did not orient towards the 
loudspeakers, and three others did not approach past the 
30 cm threshold. These four males were tested with stimuli 
built from six-note calls recorded in Altamira. Latency to 
orientation did not differ between males tested with stimuli 
built from four-note calls from RFAD or Belterra, but it was 
more variable (and generally longer) among males tested 
with six-note stimuli (Fig. 4a). The different stimuli did 
not produce the differences in the times of approach of the 
individuals toward the loudspeakers. (Fig. 4b). The four males 
that did not reach the loudspeaker when tested with six-note 
calls stimuli responded readily to subsequent control-tests, 
approaching and reaching loudspeakers when four-note 
stimuli built from calls of sympatric males were broadcast.
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Fig. 2. Sample spectrograms of stimuli used in the playback experiments 
conducted at Reserva Ducke (RFAD), in Manaus, Brazil, from December 
2011 to April 2012. The original advertisement calls of A. femoralis males 
used for the stimuli were recorded in (a) RFAD, Manaus, State of Amazonas, 
Brazil in June 2008, by L. K. Erdtmann; (b) Belterra, State of Pará, Brazil, 
in January 2007, by P. I. Simões; (c) Altamira, State of Pará, Brazil, in 
March 2009, by A.P. Lima. Air temperature at the time of recording was 
24.7 °C, 24.7 °C, 28.6 °C, respectively. Advertisement calls were analyzed 
in Raven 1.2 using Blackmann window, 80% overlapping and a fast Fourier 
transform with frequency resolution of 80 Hz and 2048 points.

Tab. II. Characterization of acoustic stimuli used in the playback experiments conducted at Reserva Florestal Adolpho Ducke (RFAD-AM), in 
Manaus, State of Amazonas, Brazil, from December 2011 to April 2012. Values are means ± one standard deviation and values in parentheses denote 
the full range of values of the acoustic parameters measured from three calls sampled from each of ten independent stimuli (n = 30 calls analyzed per 
treatment).

Locality Number of notes
per call Call duration (s) Peak frequency of call

(Hz)
Duration of silent interval between 

consecutive calls (s)

RFAD-AM 4
0.54±0.03 2871±211.3 0.47±0.09
(0.46-0.58) (2548.1-3222.8) (0.36-0.69)

Belterra-PA 4
0.43±0.04 3270.7±162.8 0.4±0.05
(0.37-0.52) (2991.3-3484.3) (0.33-0.491)

Altamira-PA 6
0.67±0.03 3571±173.8 70.96±222.7

(0.614-0.726) (3359.2-3832.9) (0.436-704.9)

DISCUSSION

Our results show that calls emitted by Allobates 
femoralis males from the Altamira region are generally 
recognized by territorial conspecific males inhabiting forests 
in the vicinities of Manaus. However, not all tested males 
responded aggressively to those differentiated calls, hinting at 
a complex scenario of conspecific acoustic signal recognition. 
Previous studies using A. femoralis synthetic calls found 
that extreme variations in their temporal (note duration 
and inter-note silent intervals) and spectral (frequency) 
properties influence male-to-male intraspecific recognition 
and aggressive territorial responses (Amézquita et al., 2005; 
Göd et al., 2007), which can be also modulated by intra and 
interspecific visual stimuli (Narins et al., 2003; Luna et al., 
2010). However, the species has a wide acoustic recognition 
space when compared to evolutionarily related species 
(Amézquita et al., 2011). Indeed, previous experiments 
using natural calls from several allopatric populations failed 
to detect any differences in the aggressive responses of 
males when exposed to a varying number of notes in the 
calls (Erdtmann et al., 2011). 

Most males tested at RFAD recognized stimuli built 
from calls recorded in Altamira as conspecific, responding 
aggressively towards their broadcast source. However, based 
on the highly variable behavioral responses, the ability to 
recognize such calls is probably not equal among individuals 
inhabiting the RFAD. Four out of ten tested males did not 
react to playbacks of calls formed by six notes, while all 
individuals tested with allopatric and sympatric four-note 
stimuli responded promptly and rather stereotypically to 
playbacks.

Ultimately, the effects of advertisement call 
differentiation on evolutionary processes leading to 
genetic divergence or speciation should be evaluated by 
measuring the response of females towards differentiated 
calls. However, courtship behavior is long and complex 
in A. femoralis, and involves a large array of acoustic, 
visual and tactile cues (Roithmair, 1994; Montanarin et 
al., 2011). So far, female A. femoralis were irresponsive 
to playback trials conducted in the field, laboratory, or 
semi-captive conditions (L. K. Erdtmann and the authors, 
unpublished data) and the best approximation to test 
intraspecific recognition in territorial anuran species 

while overcoming issues relating to female availability 
and motivation is to make use of male-male recognition 
experiments, as males frequently exhibit conspicuous and 
measurable behavioral responses. These can be readily 
associated with male’s perception of intraspecific sound 
signals (Ryan & Rand, 2001; Gerhardt & Huber, 
2002).

Detailed characterizations of advertisement call 
repertoires have led to important advances in anuran 
taxonomy and conservation in the Neotropics, being 
especially important in the discovery of new taxa (e.g., 
Angulo & Icochea, 2010; Magalhães et al., 2014; 
Orrico et al., 2014), of evolutionary significant units 
and areas of increased scientific interest, such as hybrid 
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Fig. 3. (a) Waveform (upper graph) and spectrogram (lower graph) of a 
14 s bout of advertisement calls of Allobates femoralis (Boulenger, 1884) 
recorded near Altamira, State of Pará, Brazil. First three calls are considered 
warm-up calls, formed by four notes. Remaining calls are formed by six 
notes. (b) Detailed view of waveform and spectrogram of a single call 
formed by six notes, originating from the same call bout. Roman numerals 
correspond to the designation of silent intervals between notes; arabic 
numerals correspond to the designation of notes (see Table 1 for a description 
of parameters of notes and silent intervals). Air temperature at the time of 
recording was 29.0°C.

Fig. 4. (a) Differences in latency to first orientation towards loudspeakers of male Allobates femoralis (Boulenger, 1884) tested at RFAD with 
playbacks of acoustic stimuli built from recordings of natural calls. (b) Differences in latency to focal males approach within 30 cm of loudspeakers 
in the same experiments. Values in top-right corner of (b) and (c) correspond to Kruskall-Wallis Test statistics and p-values, assuming Chi-square 
distribution with two degrees of freedom.

zones (Simões et al., 2008; Brown & Twomey, 2009). 
The characterization of A. femoralis advertisement calls 
recorded near Altamira adds to previous work that sampled 
the species’ repertoire. It might influence future reappraisals 
of the species’ biogeography (Amézquita et al., 2009) 
and sound signal evolution and its correlates (Santos et 
al., 2014), for which comprehensive data on intraspecific 
variation are desirable. Importantly, the recognition of the 
new, six-note call arrangement in the field led to concomitant 
DNA barcoding that associated this call morphotype to 
unique and distinct mitochondrial DNA haplotypes (Simões 
et al., 2014).The description presented in this study can 
therefore be used in the forthcoming years in monitoring 
programs to confirm whether the distribution of this lineage 
is restricted to forest remnants in or near sites impacted 
by the Belo Monte dam, on the Xingu River (Simões et 
al., 2014).

Here, we report a case of conspicuous behavioral 
differentiation among allopatric populations of a widespread 
Amazonian anuran. While further experiments may be 
needed to confirm statistically whether the reported acoustic 
differentiation influences current speciation processes, a 
readily diagnosable evolutionary lineage might be at risk 
of obliteration by ongoing developmental projects in the 
mid and lower courses of the Xingu River. Additional 
studies should include active surveys in order to clarify this 
lineage’s real geographic range, as well as experimental 
studies to evaluate whether individuals of Altamira recognize 
alopatric calls or whether reported call differences are likely 
to influence female partner choice and male reproductive 
success in that region.
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