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ABSTRACT. Tropical anuran communities are very diverse. Nevertheless, much of their ecological and historical processes

remain unknown. Bioacoustical studies are important to help to solve these puzzles. In the present study we examined the

effect of environmental (air temperature and humidity) and morphological (body size) attributes on the acoustic parameters

of two frogs of the Hypsiboas albopunctatus species group (H. albopunctatus and H. paranaiba) living in sympatry and allo-

patry in the Brazilian cerrado. We also investigated if the presence of one species influences the spatial distribution or vocal

behaviour of the other. We found H. albopunctatus and H. paranaiba males emitting advertisement and aggressive calls in

sympatry and allopatry. Although the calling behavior of H. paranaiba did not differ in sympatry and allopatry, differences

were noted for H. albopunctatus. Bioacoustics is the main form of communication in anurans, and is one of the best ways

to discriminate among species. Variations in the calling behavior of males and what drives these variations in both species is

central to better understand the processes of specific recognition and female attraction.

KEYWORDS. Acoustic interaction, acoustic partition, specific recognition, spatial partition.

Acoustic signals are the most evident features of the
social behavior of anuran amphibians (WeLLs 1977a, 2007).
These signals carry information and have several roles in social
organization, such as sexual selection (RoErsui & Reyner 2000,
Bee et al. 2010), maintenance of male spacing (Basros & HAppap
2002, Morais et al. 2012) and species identification (MarTiNs &
Jmm 2003, CARVALHO & GIARETTA 2013).

Among anurans breeding at the same site, heterospecific
calls represent a noise that may interfere in the acoustical sig-
nal detection by males or females of the same species (Ryan &
Brenowrtz 1985, GErHARDT & Krump 1988, NarINs & ZerLick 1988).
To prevent such interference, males may choose vocalization
sites that promote spatial segregation (Practk 1992, MarTINS et
al. 2006), or adjust their vocal behavior (Brenowritz 1989, Bastos
etal. 2011). These strategies help to deflect niche space overlap,
and consequently, competition (CoLwtLL & RaNGEL 2009).

The advertisement call is the most commonly emitted
acoustic signal among anurans, representing an important pre-
zygotic isolation mechanism that prevents mismatings (HobL
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1977, Martins & Jiv 2003). Anurans can emit other types of
vocalizations, each with a defined social function (Happap 1995,
GuimvArAEs et al. 2001, Lemes et al. 2012). The vocalizations may
change due to abiotic (e.g. temperature, Prapo et al. 2005, Lemes et
al. 2012) and morphological factors (e.g. body mass, Boscu & DE
La Riva 2004, Morais et al. 2012), or in response to different social
contexts (Bastos et al. 2011, Lemes et al. 2012, GaMBALE & Bastos
2014). Those changes are strategic to maximize the reproductive
success of males (WeLLs 1977b, Bek et al. 2001, Scuwartz 2001).
The Hypsiboas albopunctatus species group comprises 10
species, nine of which are defined based on molecular characters
(Favovic et al. 2005), while one new species is based on adult
morphology and advertisement call data (CarvaLHo et al. 2010).
Their distribution ranges throughout South and Central America
(Frost 2014). We studied the acoustic repertoire of two species of
this group, Hypsiboas albopunctatus (Spix, 1824) and Hypsiboas
paranaiba (Carvalho, Giaretta & Facure, 2010), which occur in
allopatry and in sympatry. Our objectives were to determine: a)
the role of the environment (air temperature and humidity) and
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morphology (body size) on call structure and b) if the presence
of heterospecific individuals influence the spatial distribution,
or vocal behavior, of the species involved.

MATERIAL AND METHODS

We performed the study in five water bodies inside the area
of a mining company (Anglo American Brazil) and its surround-
ings, located in the municipality of Barro Alto (15°04'52.34"S,
48°56’51.49”"W), state of Goias, Brazil. The region is located in
the domain of the Cerrado biome, a highly seasonal Neotropical
savanna with two marked seasons: rainy (between October and
March) and dry (between April and September). The water bodies
sampled consisted of three ‘veredas’ (valley-side marshy grass-
lands, see Ouivera-FiLHO & Rater 2002 for definition) where both
species occur, a fourth ‘vereda’ occupied only by H. paranaiba, and
a permanent pond occupied only by H. albopunctatus (Table 1).

Table 1. Geographical location and species of the Hypsiboas albopunc-
tatus species group found in each site.

Site Geographical coordinates

Species found

Vereda 1 15°05'47.8"S; 49°02' 22"W H. albopunctatus and H. paranaiba
Vereda 2 15°04'51.7"S; 48°55’ 40.6"W  H. albopunctatus and H. paranaiba
Vereda 3 15°05'02.51"S; 48°55'20.95"W H. albopunctatus and H. paranaiba
Vereda 4 15°05'00"S; 48°55'28"W H. paranaiba

Permanent pond  15°05'09”S; 48°05'00"W H. albopunctatus

Recordings and observations were carried out between Oc-
tober 2009 and April 2010. Fieldwork was conducted from 1900
until 0000, which represents the peak of activity of the species
in these sites. Calls were recorded with a MARANTZ PMD 660
digital recorder coupled with a Sennheiser ME66 microphone
at about 50 cm from the calling frog. We measured the sound
pressure level (SPL) of calls with a Minipa digital decibelimeter
(Type 1II; fast setting; A weighting) at a 50 cm distance, oriented
directly toward the calling male. The digital readout of the SPL
meter was observed visually during the recording time. After
each recording, we measured the snout-vent length (SVL) of
males to the nearest 0.05 mm with a digital calliper and their
mass to the nearest 0.01 g with digital scales. Air temperature
and humidity were obtained with a digital thermo-hygrometer
to the nearest 0.1°C and we measured the distance of calling
males to the water and their perch height. We also registered the
number of calling males of both species in the site by acoustic
identification and visual encounters.

Vocalizations were recorded at sampling frequencies of 22
kHz and 16-bit resolution (wav files). We analyzed the temporal
and spectral parameters of calls with Avisoft-Sonagraphy lite®
and Cool Edit 96® software, respectively. Frequency informa-
tion was obtained through Fast Fourier Transformation (FFT)
of 1024 points width. For each individual, we analyzed five
advertisement and five aggressive calls. The following acoustic
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parameters were measured: call duration (s), number of notes
(notes/call), note duration (s), calling repetition rate (calls/min),
and dominant, minimum and maximum frequencies (Hz).
Sound figures were obtained using Seewave package version 1.6.4
(Sutur et al. 2008) of the R platform (R DeveLorment Core TeAM
2012). Seewave settings were: window name (Fourier transform
window) = Hanning; window length = 256 samples, overlap =
80%. Bioacoustics terminology followed GerHARDT & Hustr (2002)
and WELLs (2007), based on spectral and temporal parameters.
Voucher specimens are housed at the Zoological Collection of
the Universidade Federal de Goids (Hypsiboas paranaiba: ZUFG
5371, ZUFG 5372; Hypsiboas albopunctatus: ZUFG 5361).

We used multiple regression analysis to test if air tem-
perature, air humidity, body size (value obtained by multiplying
the SVL by the body mass) and number of calling males of both
species influenced the acoustic parameters. To test if the species’
calls differed between situations (calling alone or in the presence
of the other species), we performed factorial analysis of variance
(ANOVA) with residuals of multiple regressions to control for
the effects of the variables mentioned above. A factorial ANO-
VA was also used to test if perch height and distance to water
differed between situations. The tests followed Zar (1999) and
were performed in STATISTICA 7.0 with a significance level set
at p < 0.05. We used power tests to determine if our sampling
protocol and analytical framework enable us to test our working
hypothesis (FauL et al. 2009).

RESULTS

Males of H. albopunctatus used several types of perch, such
as dry branches, bushes, and leaves, and sometimes vocalized on
the ground, wet or dry. Males kept a mean distance of 0.6 + 0.45
m (0-2 m, n=37) from the water and the mean perch height was
0.57 £0.46 m (0-2 m, n = 37). The mean SVL and body mass of
the individuals were, respectively, 48.35 + 3.14 mm (39.21-56.9
mm, n=37)and 6.57 +1.23 g (4-9.95 g, n = 37) and individuals
did not differ in size across study sites.

We recorded the calls of 37 males of H. albopunctatus, 27
of which vocalized in the same site as H. paranaiba and 10 in
allopatry. Males emitted advertisement and aggressive calls (Figs.
1-2). The former was the most frequent and exhibited different
structures and functions (Table 2). Advertisement call duration
was positively correlated and maximum frequency was negatively
associated with air temperature, while call repetition rate and note
duration had a positive correlation with body size and number of
conspecific calling males, respectively (Table 3). Concerning the
aggressive call, calling rate and SPL had a positive correlation and
the maximum frequency had a negative correlation with body
size, whereas the number of calling males was positively correla-
tion with calling rate and call duration. We found no correlation
between the other variables (p > 0.05 in all cases) (Table 3).

The calling sites used by H. paranaiba males were similar
to those used by H. albopunctatus. The mean distance from the
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Figure 1-2. Advertisement (1) and aggressive (2) calls of Hypsiboas abopunctatus from Barro Alto, Goias, Brazil. Above audiospectrogram,
below oscillogram. (1) Air temperature = 23.4°C, Air humidity = 68%, SVL = 51,84 mm; (2) Air temperature = 19,8°C; Air humidity =

88%; SVL = 50,27 mm.

water was 0.46 + 0.33 m (0-1.25 m, n = 24), mean perch height
was 0.47 + 0.36 m (0-1.4 m, n = 24). SVL and the body masses
of the males were 46.17 + 2.06 mm (41.01-53.11 mm, n = 24)
and 5.61 £ 0.97 g (3.9-8.25 g, n = 24), respectively.

We recorded 24 males of H. paranaiba, 14 vocalizing in the
same sites as H. albopunctatus and 10 in allopatry. Males emitted
three types of vocalization: advertisement call and aggressive
calls (named aggressive calls I and 1II) (Figs. 3-5). All three calls
had different structures and aggressive call I was the most
emitted (Table 2). Maximum frequency and calling rate of the
advertisement call were positively associated with the number of
calling males of the same species (Table 3). Regarding aggressive
call I, the minimum frequency was negatively associated with
body size and positively associated with air humidity, while SPL
and calling rate were negatively associated with air temperature

ZOOLOGIA 33(2): €20150037 | DOI: 10.1590/51984-4689z00l-20150037 | April 29, 2016

and positively associated with the number of conspecific calling
males, respectively. No correlation was found between the other
variables (p > 0.05 in all cases, Table 3). We did not include
aggressive call II in the analysis because only a few individuals
emitted this call.

Post-hoc power analysis revealed that statistical power
to detect the relationships between acoustic parameters and
morphological and environmental parameters were, in general,
high for both species (Table 3).

There was no spatial segregation between H. albopunctatus
and H. paranaiba, which means that in sympatry or allopatry
individuals co-occur in the same reproductive sites. Perch height
and distance from the water to calling male were the same for
both species (p > 0.05 for both cases). Hypsiboas albopunctatus
males, regardless of calling with or without H. paranaiba, emitted
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Table 2. Acoustic parameters of advertisement and aggressive calls emitted by Hypsiboas albopunctatus and H. paranaiba individuals. The
data represent the mean + standard deviation (sample size).

Acoustic parameters

Hypsiboas albopunctatus calls

Hypsiboas paranaiba calls

Advertisement

Agressive

Advertisement

Agressive |

Agressive |l

Repetition rate (calls/minute)

Call duration (ms)
Note number

Note duration (ms)

Dominant frequency (Hz)
Maximum frequency (Hz)
Minimum frequency (Hz)

Sound Pressure Level (dB)

6.68 +5.61 (37)
34.79 + 104.65 (185)
1.34 £ 0.26 (248)

0.57 +0.14 (248)
2287.42 + 207.13 (185)
5942.19 +1019.73 (185)
661.28 +112.27 (185)
74.47 £ 6.96 (185)

3.03 +2.27 (37)
0.37+0.09 (171)
1+£0(171)

0.370.09 (171)
1149.96 + 222.63 (171)
3914.31 £ 865.31 (171)
705.82 +110.32 (171)
62.96 +6.68 (171)

1.88 + 1.80 (24)
1.66 + 0.68 (98)

2.14 % 0.65 (207)
1.18 + 2.84 (207)
2385.16 + 326.58 (98)
6587.47 + 872.86 (98)
615.91 % 112.68 (98)
75.99 + 4.90 (98)

5.67 % 3.58 (24)
0.92+0.12(112)
1+£0(112)
0.92+0.12(112)
890.43 +109.73 (112)
3757.63 + 728.42 (112)
516.49 £ 97.14 (112)
64.73+6.53 (112)

1.72+1.68 (10)

0.45 +0.20 (36)
1+0(36)

0.43 £0.21 (36)
843.09 + 64.94 (36)
2897.45 + 806.21 (36)
551.40 + 67.51 (36)
66.05 + 5.94 (36)

Table 3. Results of multiple regressions of morphological and environmental variables (MEV) with acoustic parameters of Hypsiboas para-
naiba and H. albopunctatus and values observed in power analysis.

Species Type of call Acoustic parameters MEV Significance Power analysis
Call duration (s) Air temperature $=0.48;, p<0.05 0.801
Number of notes (notes/call) No relation p>0.05 0.628
Note duration (s) Number of calling males $=0.51;, p<0.01 0.908
Repetition rate (calls/min) Body size $=0.58;, p<0.01 0.896
Advertisement call
Dominant frequency (Hz) No relation p>0.05 0.935
Minimum frequency (Hz) No relation p>0.05 0.684
Maximum frequency (Hz) Air temperature f=-0.48;, p<0.05 0.856
Hypsiboas albopunctatus SPL No relation p>0.05 0.999
Call duration (s) Number of calling males $=0.47;, p<0.01 0.999
Body size $=0.68; p<0.01
Repetition rate (calls/min) 0.980
Number of calling males $=0.35p<0.05
Agressive call Dominant frequency (Hz) No relation p>0.05 0.303
Minimum frequency (Hz) No relation p>0.05 0.687
Maximum frequency (Hz) Body size f=-0.48;, p<0.05 0.645
SPL Body size $=0.57;,p<0.01 0.999
Call duration (s) No relation p>0.05 1.000
Number of notes (notes/call) No relation p>0.05 1.000
Note duration (s) No relation p>0.05 0.266
Repetition rate (calls/min) Number of calling males $=0.60; p<0.05 0.703
Advertisement call
Dominant frequency (Hz) No relation p>0.05 0.933
Minimum frequency (Hz) No relation p>0.05 0.962
Maximum frequency (Hz) Number of calling males $=0.59; p<0.05 0.874
Hypsiboas paranaiba SPL No relation p>0.05 0.153
Call duration (s) No relation p>0.05 0.999
Repetition rate (calls/min) Number of calling males $=0.96; p<0.05 0.988
Dominant frequency (Hz) No relation p>0.05 0.982
Agressive call | Air humidity $=0.75;p<0.05
Minimum frequency (Hz) 1.000
Body size f=-0.71; p<0.05
Maximum frequency (Hz) No relation p>0.05 0.807
SPL Air temperature g =-0.75; p<0.05 0.979
4/10 ZOOLOGIA 33(2): €20150037 | DOI: 10.1590/51984-4689z00l-20150037 | April 29, 2016
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Figure 3-5. Advertisement (3), aggressive | (4) and aggressive Il (5) calls of Hypsiboas paranaiba from Barro Alto, Goids, Brazil. Above
audiospectrogram; below oscillogram. (3) Air temperature = 21°C, Air humidity = 92%, SVL = 45.03 mm; (4) Air temperature = 21°C, Air
humidity = 92%, SVL = 45.04 mm; (5) Air temperature = 21°C, Air humidity = 92%, SVL = 43.22 mm.

advertisement calls with more notes (F
Fig. 6) and notes with shorter duration (F(w)
Fig. 7) than H. paranaiba. However, when H. albopunctatus males  allopatry (F

=373.12, p < 0.01, called at the same sites as H. paranaiba males, their advertisement
=4.942, p <0.05, calls had lower SPL than the calls of conspecifics that called in
=12.270, p < 0.01, Fig. 8).

(1.56)
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Figure 6-10. Mean and Standard Deviation of acoustic parameters of advertisement (6-8) and aggressive (9-10) calls of Hypsiboas al-

bopunctatus (O) and H. paranaiba (®) when in sympatry or allopatry.

Hypsiboas paranaiba males emitted aggressive calls I with
a higher calling rate than H. albopunctatus males emitted ag-
gressive calls (F ;) = 55.290, p < 0.01, Fig. 9). The maximum
frequency of the aggressive calls of H. paranaiba’ was higher
than the aggressive calls of H. albopunctatus (F , ; = 346.09,
p < 0.01, Fig. 10). We found no correlation between the other
aggressive and advertisement call parameters of both species
(p > 0.05 in all cases).

DISCUSSION

The vocal repertoire of both anuran species studied
here is composed of advertisement and aggressive calls, as in
other Neotropical species (Heyver et al. 1990, GuiMARAES & Bastos
2003, Lemes et al. 2012). The advertisement calls of Hypsiboas
albopunctatus analyzed are similar to those described by Heyer
et al. (1990), De La Riva et al. (1997) and Basros et al. (2003).
The aggressive calls are similar to those described by Hever
et al. (1990). The calls emitted by H. paranaiba are similar to
those described by Carvarno et al. (2010): advertisement calls
are similar to note A, aggressive call I is similar to note B and
aggressive call II is similar to note C (CarvaLHo et al. 2010). We

6/10

arrived at this conclusion based on the context of emissions
and temporal structure of calls, as suggested by WeLLs (2007).
This information is useful to demonstrate that we are dealing
with the same species described formerly.

Power analysis can be used to point out whether an ex-
periment had a good chance of detecting biologically significant
differences in populations with statistically significant results.
In the literature, 0.8 and 0.95 are conventionally considered
“high power” values (Conen 1988), but it is up to the researcher
to make the judgment call concerning the cut values (THomas &
Juane 1996). We believe that the values observed in the power
analysis in this study are high enough to detect biologically
significant effects, despite the fact that some few values are
below 0.8 (Table 3).

The vocalizations studied here are formed by multipulsed
notes with similar dominant frequencies and SPL; however,
we found between species’ call differences’ that enable specific
recognition. The advertisement calls of the two frogs differ in
their temporal structures and their aggressive calls had different
maximum frequencies. These differences presumably allow indi-
viduals to recognize conspecifics and inhabit the same habitats
with other species (Bastos & Happap 1995, Martins & Jim 2003).

ZOOLOGIA 33(2): €20150037 | DOI: 10.1590/51984-4689z00l-20150037 | April 29, 2016
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The most common vocalization of H. albopunctatus was
the advertisement call, a pattern usually seen in other species
(LiNngNAU et al. 2004, Lemes et al. 2012, Morais et al. 2012).
However, H. paranaiba emitted more aggressive calls than
advertisement calls. Although not typical, this behavior is also
found in other anuran species — e.g., Phyllomedusa azurea Cope,
1862, (GummarAEs et al. 2001). Aggressive calls are important in
maintaining male spacing, territorial defense and warning op-
ponents of the risk of physical combat, avoiding extra energy
expenditure (ScHwarTz & GERHARDT 1989, Rossa-Feres et al. 1999,
GiassoN & Happap 2006).

Our results demonstrated that some call parameters of
both species were associated with environmental and morpho-
logical variables. The maximum frequency of the aggressive
calls of H. albopunctatus and the minimum frequency of the
aggressive calls of H. paranaiba were negatively correlated with
body size. Usually, this relationship with morphology is found
for the dominant frequency (e.g., Giasson & Happap 2006,
Siva et al. 2008, Morais et al. 2012). In addition, these spectral
parameters, similar to dominant frequency, are influenced by
"the size of the males’ vocal cord and therefore are indicators
of the males’ body size (Rvan 1986). This signal may be used by
other males to assess ‘the fighting ability of an opponent and by
females to evaluate which males are larger and better breeding
partners (Bee et al. 2000). This highlights the importance of
considering different call parameters in bioacoustical studies.

Body size positively influenced other call parameters of H.
albopunctatus: the advertisement call rate, aggressive call SPL and
calling rate. These parameters are associated with high energetic
costs and could be indicators of the reproductive investment of
males (WELLs 1988, BoscH & MArquez 1996). Larger males have
greater strength and are able to invest more energy in breeding;
they may also store larger amounts of air in their lungs and thus
be capable of a higher repetition rate (PooLe & MurrHY 2007).

Environmental factors (air temperature and humidity) are
known to influence the temporal parameters of calls (GuiMARAEs
& Bastos 2003, LigNau & Bastos 2007, Siwva et al. 2008). As a con-
sequence ectothermy,’the metabolic efficiency of amphibians
improve with increasing temperature (WeLLs 2007), as seen
for the duration of the advertisement call of H. albopunctatus.
On the other hand, as found for’ the SPL aggressive call of H.
paranaiba, negative relationships between temperature and
acoustic parameters can be observed (e.g. LingNau & Bastos 2007,
RobriGuez et al. 2010, Morais et al. 2012). According to RODRIGUEZ
et al. (2010), this relationship may represent a mechanism to
avoid greater energy expenditure at higher temperatures.

Comparing the calling sites chosen by males of H. al-
bopunctatus and H. paranaiba, it is possible to conclude that there
was a substantial overlap between them. The types of perch,
perch height and distance from the calling male to the water
were similar in both species. Species that vocalize at identical
calling sites are rarely isolated by subtle differences in their pref-
erences for calling position (HobL 1977); therefore, we believe

ZOOLOGIA 33(2): €20150037 | DOI: 10.1590/51984-4689z00l-20150037 | April 29, 2016

that the calling site is a weak mechanism of specific recognition
and reproductive isolation in these species. This similarity may
be the result of the close phylogenetic relationship between
the species (Favovich et al. 2005). According to ZIMMERMAN &
SiMBERLOFF (1996), congeners are likely to share ecological traits
due to their evolutionary history.

The acoustic behavior of both species was influenced by
the number of conspecifics calling at the site, as reported for
other anurans (e.g., Lemes et al. 2012). Individuals appear to
maintain a constant level of acoustic effort, but adjust their
calls according to the social context (WeLLs 1988). They may also
increase note duration, repetition rate and maximum frequency
according to an increase in the SPL of other males. In general,
changes in vocalizations work as a mechanism that indicates
male competitiveness or attractiveness to females (Boscn &
MArqQuez 1996, Bastos et al. 2011).

When H. albopunctatus males vocalized in sympatry with
H. paranaiba, they emitted calls with lower SPL than conspe-
cifics that vocalized in allopatry. Differences in the intensities
of the calls between sympatric and allopatric populations have
been found for other Hylidae species (e.g., Mirquez et al. 2005).
Changes in the acoustic behavior of males are adaptations of
species that vocalize in aggregates; males that avoid acoustic
overlap are more likely to attract females (SurLivan & Leek 1987,
RicHArRDsON et al. 2008). The intensity of the call regulates the
spacing between males in the chorus and contributes to de-
termining the aggressive threshold of males (Brenowirz 1989,
LigNau & Bastos 2007). When males in a chorus change their
acoustic behavior and avoid overlap, for instance by decreas-
ing the amplitude of their calls, they also modify the acoustic
threshold that elicits aggressive interactions and minimize
costs from aggressive calls and physical combat (Brexowirz &
Rost 1994, 1999).

Species coexistence can reflect niche partitioning in mul-
tiple levels (AsrecHT & GorteLLl 2001), and here bioacoustics had
the strongest evidence for niche overlap avoidance. Our results
highlight the importance of acoustic behavior in discriminating
anuran species, demonstrating that vocalizations, and not call-
ing sites, are the main mechanism allowing reproductive isola-
tion during the breeding season in sympatric Hylidae species.
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