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The vocal repertoire of males of two cryptic species of Oreobates and interpreta-
tion of the communicative significance of vocalizations were studied under natural
conditions in Yungas Andean Forest of NW Argentina. Males of O. discoidalis and
O barituensis showed remarkable territorial behaviour defending their calling sites
against conspecific males through both aggressive vocalizations and fights involv-
ing physical contact. The vocal repertoire of both species consists of at least three
different call types. Two of these vocalizations, advertisement calls and territorial
calls were utilized in long-range territorial interactions, and aggressive calls were
utilized in close-range male-male territorial interactions. This represents the first
report of a complex repertoire of vocalizations in the genus Oreobates
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Introduction

Based primarily on molecular evidence, the New World direct-developing frogs were
recently placed into a new taxon, Terrarana (Hedges et al. 2008). Remarkable for not
only their specialized terrestrial reproductive mode, this enormous taxon (with nearly
900 described species) garners excessive interest because members display an unusual
array of reproductive adaptations including parental care by males or females. internal
fertilization and ovoviviparity (Townsend and Stewart 1986). In addition, taxon mem-
bers also exhibit a diversity of vocal repertoires used in complex social behaviours and
interactions (Wells 1981: Woolbright 1985; Wilczynski and Brenowitz 1988: Ovaska
and Hunte 1992; Ovaska and Caldbeck 1997a; Ovaska and Rand 2001).

In many geographic areas, terraranans have evolved sympatrically in dense species
assemblages where selective pressures for reproductive isolation and acoustic inter-
ference avoidance, among others, may have contributed to the remarkable array of
vocalizations (Drewry and Rand 1983). The few species whose vocal behaviour has
been studied in detail show great diversity in vocalizations and call variation asso-
ciated with different behaviours, including advertisement (Drewry and Rand 1983),
courtship (Michael 1996; Ovaska and Caldbeck 1997b, 1999), aggression (Wilczynski
and Brenowitz 1988: Stewart and Rand 1992). female reciprocal call (Schlaepfer and
Figueroa-Sandi 1998; Diaz and Estrada 2000), retreat site defence (Stewart and Rand
1991; Michael 1997), and nest site defence (Stewart and Rand 1991).
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The presence of an advertisement call that may function both in mate attraction
and inter-male spacing is an almost ubiquitous feature in anuran communication sys-
tems. but males of most species also produce a variety of specific calls that are used
when encountering females or other males (Wells 1977). Aggressive calls are an impor-
tant component of the vocal repertoire of many anurans (Wells 1977), and by shifting
from advertisement to aggressive calls, a male can signal his awareness and intention
to defend his territory through physical aggression to potential intruders (Wells 1988).
A continuous and increasing level of aggressive vocalizations may be emitted by terri-
torial males, from long-range “territorial calls” to short-range “encounter calls”, and
these aggressive behaviours are elicited by thresholds mediated by acoustic and/or
visual cues (Wells 2007). Examination of the structure and function of these calls pro-
vides a potentially fruitful field for investigating the constraints and driving forces
that have shaped vocal communication within this vast group of frogs (Ovaska and
Caldbeck 1997a).

In recent vears. bioacoustical investigations of advertisement calls have led to
the description of several new species of the genus Oreobates Jiménez de la Espada.
1872 (Padial et al. 2008; Vaira and Ferrari 2008). the genus with the southern-
most distribution of the highly diverse family Strabomantidae (Hedges et al. 2008).
Most of the species in the genus Oreobates are still poorly understood. primarily
because of their remote nature (inhabiting thick understory of steepest Andean trop-
ical forests) and difficulty of detecting them in the field due to low densities and
erratic calling behaviour., making recording a nearly impossible task (Padial et al.
2008).

The subtropical humid montane forests of NW Argentina are inhabited by two
sympatric species of Strabomantidae. Oreobates discoidalis (Peracca, 1895) and the
recently described Oreobates barituensis Vaira and Ferrari, 2008 (Lavilla et al. 2000;
Akmentins and Vaira 2009). These small frog species are almost morphologically
indistinguishable and are mainly identified in the field by advertisement calls (Ferrari
and Vaira 2008: Vaira and Ferrari 2008). Despite recent attention however, several
aspects of the biology. ecology and behaviour of these frogs remain unknown.

The main objective of this work was to provide a descriptive analysis of vocal
repertoire and interpretation of the social context to the vocalizations of terraranan
frogs O. discoidalis and O. barituensis of Yungas Andean Forest in NW Argentina.

Materials and methods

From September to January between 2007 and 2010. coincident with the breed-
ing period of the species (Vaira 2002), I conducted weekly surveys of male calling
behaviour of O. discoidalis and O. barituensis in six localities in the range of both
species in the Yungas montane forest of Jujuy and Salta provinces in NW Argentina
(Table 1). Behavioural observations of calling males were conducted between 20:00
and 02:00 h, corresponding to the period of greatest vocalization activity for the two
species. 1 used nocturnal visual and aural encounter surveys to localize the active
calling males (Heyer et al. 1994). Territorial interactions between calling males were
registered ad libitum (Altmann 1974) and vocalizations were recorded when possible,
using an Olympus Vn-6200 digital recorder. The length of recording depended of the
duration of vocal interaction between males.
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Table 1. Localities visited during fieldwork.

Locality Geographic coordinates Altitude (m)
Jaire 24°01"5:65° 23 W 1703
Abra de Canas 23° 40" S: 64° 53’ W 1722
Abra Honda 232 40' S 64° 55 W 1574
Rio Yerba Buena 237 30°S: 64° 56" W 1457
Arroyo La Loza 23° 28'S: 64° 56’ W 1622
El Arazay 222 18'S: 64° 42'' W 1614

For each territorial interaction the vocalization site of calling males was noted
and classified in a general category (bare ground, leaf litter, rock and fallen trunks).
In conjunction with this, the distance to the closest calling male was also measured.
Air temperature at the ground level was measured with a digital thermometer to the
nearest 0.1°C. For each male, territorial interaction was registered once per night,
because males were removed from the vocalization sites for trophic ecology studies.

Calls were digitized and analysed to obtain numerical information and to generate
audiospectrograms and oscillograms using Soundruler software (Gridi-Papp 2004).
Sampling frequency was 44.100 Hz at 16-bit resolution. Frequency information was
obtained through fast Fourier transformation (width 256 points) at hamming win-
dow function. For each specimen recorded, five complete vocalizations were analysed.
Quantitative parameters were expressed as mean = standard deviation. The terminol-
ogy used for the description of calls follows Heyer et al. (1990); “note™ was used as
the functional unit of a call. and “pulse” as subunits that form a note (Giasson and
Haddad 2006). Aggressive call characteristics were compared with published adver-
tisement call descriptions of Q. discoidalis (Ferrari and Vaira 2008) and O. barituensis
(Vaira and Ferrari 2008).

Results

Males of O. discoidalis and O. barituensis showed remarkable territorial behaviour,
defending their calling sites against conspecific males through both aggressive vocal-
izations and fights involving physical contact. Aggressive calls included long-range
territorial calls and short-range encounter calls (Table 2).

O. discoidalis aggressive vocalizations
Male territorial calls were frequently heard at dusk during the beginning of calling
activities or in full choruses interspersed with advertisement calls when two males
called in close proximity to one another (Figure 1). All registered males called under
dense understory at ground level (39 males), they called from rocks (18 males). leaf
litter (14 males), or fallen trunks (seven males).

The territorial call consisted of two or three short repeated notes (119.16 ms).
with a mean dominant frequency of 2012.9 Hz and was sometimes accompanied by a
second and third harmonic at 4100 Hz and 6200 Hz (Figure 1).
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Figure 1. Oscillogram and sound spectrogram of the advertisement call and territorial call of
Oreobates discoidalis from Jaire, Jujuy province, Argentina. Recorded on 8 November 2009; air
temperature during recording was 13.6°C.

Nearest neighbour mean distance between calling males was 4.06 m (18 pairs of
males). Measuring the nearest neighbour distance for this species was difficult. because
often the males nearest to the sampled calling male were disturbed and stopped their
calling activities.

Encounter calls were registered on several occasions. Squeals emitted during fights
were produced by one or both males involved in the struggle; this call was produced
both during physical altercations (two events). and by males separated by distances
= 30 c¢m (three events). This aggressive behaviour was only observed for close-range
interactions between males. This was a one note call (mean call length: 136.56 ms),
with a mean dominant frequency of 1759.18 Hz and with a second harmonic at 3500
Hz (Figure 2).

Territorial and encounter calls were shorter and with fewer notes than advertise-
ment calls (634 ms: 10-13 notes per call). Territorial call notes had similar dominant
frequency to the advertisement call, but encounter calls had a lower dominant fre-
quency than the other two types of calls. Similar to the advertisement call, aggressive
call harmonics were present but they were diffuse and not obvious in most calls
(Figure 2).

O. barituensis aggressive vocalizations

Territorial calls were produced in circumstances quite similar to those of O. discoidalis.
All registered males called from bare ground in small cliffs of clay rock without
vegetative covering (14 males). Distances between calling males were smaller than
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Figure 2. Oscillogram and sound spectrogram of the encounter call of Oreobates discoidalis
from Jaire, Jujuy province, Argentina. Recorded on 14 November 2009; air temperature during
recording was 17.4°C.

those registered for O. discoidalis; nearest neighbour mean distance for calling males
was 1.82 m (seven pairs of males). Territorial calls consisted of one short note (mean
call length of 9.8 ms) with a mean dominant frequency of 1791.37 Hz and no harmonic
structure present (Figure 3).

Encounter calls were registered both during physical encounters (bumping strug-
gle. one event) and between males separated by a distance < 30 cm (two events). As in
O. discoidalis, this behaviour was only observed for close-range interactions between
males. This squeal had two different duration notes, the first note with a mean note
length of 97.12 ms (range 97 to 97.25 ms) and a shorter second note with a mean note
length of 17.37 ms (range 17 to 17.75 ms). Both aggressive notes had similar dominant
frequencies with a mean of 1759.18 Hz and no harmonic structure present (Figure 4).

Aggressive calls of Q. barituensis were shorter and with lower dominant frequen-
cies than advertisement calls of this species (Table 2).

Discussion

Males of both O. discoidalis and O. barituensis had a vocal repertoire that consisted
of at least three different call types used in territorial interactions between conspe-
cific individuals. Two of these vocalizations, advertisement and territorial calls, were
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Figure 3. Oscillogram and sound spectrogram of the advertisement call and territorial call
of Oreobates barituensis from Rio Yerba Buena, Jujuy province, Argentina. Recorded on 1
December 2009; air temperature during recording was 21.1°C.

observed during long-range territorial interactions, while encounter calls were used in
close-range territorial interactions.

Segregated specific microhabitats were used and defended actively for calling activ-
ities by males of both species, even if males cohabited in the same localities. Males of
O. discoidalis used diverse sites for calling but always at ground level and under a dense
understory environment, whereas males of O. barituensis called from bare ground
in open areas disturbed by human activity (Vaira and Ferrari 2008; Akmentins and
Vaira 2009). There are no available data about reproductive behaviour of these frogs
(e.g. courtship, nesting site selection. parental care): this information could be use-
ful in understanding possible calling site segregation and the nature of the defended
resource, whether males defend a calling site (Wells 1981), and/or they defend an
oviposition territory (Townsend 1989). Other possible explanations for calling micro-
habitat segregation are complementary prezygotic isolation mechanisms (H&d1 1977),
or physiological differences between these two species reflected in calling site selection
(Pough et al. 1977).

The structure of aggressive vocalizations of Argentinean Oreobates species difter
markedly from the structure of advertisement calls in temporal and spectral features.
The difference between aggressive and advertisement calls seems to be an ubiquitous
trait in most terraranan males, although no general tendency in variation seems to
exist within this taxon (Wells 1981: Stewart and Rand 1991. Michael 1997; Hébel



1796 M.S. Akmentins

1 - -
o
o
& . .
= 0 il ot orosricemet st
E
<

s -

0.5 1 1.5 2
Time (s)

[
ok L I ! il

0.5 1 1.5 2
Time (s)

Frequency (kHz)
48] w B [4,]
|

Figure 4. Oscillogram and sound spectrogram of the encounter call of Qreobares barituen-
sis from Arroyo La Loza, Jujuy province, Argentina. Recorded on 29 November 2008; air
temperature during recording was 18.0°C.

2005). The low intensity of the encounter call broadcast energy compared to that of
the advertisement call of both species could be attributed to the close-range nature of
these vocalizations. The low intensity of close range calls (courtship, mating. initia-
tion of amplexus) reported in other terraranans may have occurred to avoid acoustic
interference (Michael 1996: Ovaska and Caldbeck 1999). Alternatively, lowering of the
decibel level during the close-range calls may conserve energy. or restrict the number
of conspecifics and/or predators that would be aware of the frogs’ presence (Felton
et al. 2006).

Beyond structural differences in the spectral and temporal characteristics of
aggressive vocalizations of the males of O. discoidalis and O. barituensis, both species
shared similar social contexts of interactions between conspecifics and vocal repertoire
structure. Males switched from trilled advertisement calls to short “click”™ aggressive
vocalizations in long-range territorial interactions and produced “squeals” during
close-range encounters. These similarities in social organization and vocal repertoire
could be due to the phylogenetic proximity of these species (Vaira and Ferrari 2008).

Aggressive vocalizations are an important component in the social struc-
ture of diverse lineages of neotropical anurans with prolonged breeding seasons,
such as Hylidae (Toledo and Haddad 2005), Centrolenidae (Greer and Wells
1980), Hemiphractidae (Sinsch and Joermann 1989). Hylodidae (Haddad and
Giaretta 1999). Aromobatidae (Junca 1998), Dendrobatidae (Forti et al. 2010) and
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Leptodactylidae (Menin et al. 2009); among the families of Terrarana. territorial
calls were registered in Eleutherodactylidae (Stewart and Rand 1992), Strabomantidae
(Wells 1981) and Craugastoridae (Hobel 2005). This kind of aggressive vocalization
may signal the motivational state of the opponents during agonistic encounters, help-
ing to avoid the risks of physical combats (Haddad and Giaretta 1999). Like most
direct-developing terraranans, calling males of Oreobates are widely distributed on
the forest floor during the reproductive season because they are not limited to water
bodies for reproduction. As such, aggressive vocalizations could play a fundamental
role in the inter-male spacing and maintenance of calling territories or nesting sites
throughout the reproductive season (Wilczynski and Brenowitz 1988). More precise
information about the reproductive biology of these species is needed to elucidate the
structure of mating systems and the function of vocal repertoire in such a system. In
a “lek” system. males defend sites as territories and females control oviposition sites,
meanwhile in a “resource defence” system males defend an oviposition site inside their
calling territories (Wells 2007).

The presence of two types of aggressive vocalizations suggests that males may
be able to respond in a graded fashion to increasing levels of intrusion/competition.
Studies are needed to understand the social structure and interactions between con-
specific individuals of Argentinean species of Oreobates. and playback experiments
with vocal repertoires could help to elucidate which signals and thresholds elicit this
graded aggressive communication system.
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