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Abstract

Morphological characteristics are known to be important predictors of victory in aggressive disputes in the animal world. Among
anurans, however, acoustic communication also plays an important role in intrasex conflicts. Although there is evidence for the
influence of spectral parameters of calls (e.g., fundamental and dominant frequencies) in anuran disputes, the role that temporal
parameters (e.g., duration and repetition rate) play in success during physical conflicts is still poorly understood. We describe the
behavior of male frogs in agonistic interactions and investigate the functions of the different types of calls emitted in different
social contexts. We also evaluate how body characteristics (mass and body size) and bioacoustic characteristics (repetition rate of
the calls) influence success in physical conflicts of Pithecopus nordestinus (Anura: Phyllomedusidae). Agonistic disputes
involved gradation in the emission of calls, visual displays, and physical clashes. The fighting call increased in proportion during
clashes, indicating a function associated with aggression/intimidation. The uneasiness call (new subcategory herein defined) was
only performed by losers during physical clashes, suggesting a meaning of submission or restlessness. No differences were found
in any of the morphological parameters between winners and losers of physical disputes. On the other hand, the repetition rate of
the aggressive call was positively related to success in fights and proved to be a good predictor of success in fights between males
of P. nordestinus. Our results contribute to understanding the influence of temporal parameters of calls on success in physical
disputes of this Neotropical treefrog.
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Introduction Reichert and Gerhardt 2011). The resolution of confrontations

is usually accompanied by direct or indirect benefits to the

Agonistic interactions are behaviors related to confrontations
between individuals involving not only physical clashes but
also threatening and submissive attitudes among rivals (Scott
and Fredericson 1951; Briffa and Hardy 2013).
Confrontations can be gradual in intensity, usually having
physical clashes as a last resort (Arnott and Elwood 2009;
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winners, such as the possession of breeding sites and females
for mating (e.g., birds, amphibians and wasps; Webster and
Robinson 1999; Martins et al. 1998; Dunn et al. 2014).
Agonistic disputes, however, also entail costs, such as high-
energy expenditure and greater vulnerability to predators and
parasites (Hamilton and Zuk 1982). Thus, performance in
these disputes can positively or negatively affect individual
aptitude (fitness) (Hosken and House 2011).

An important predictor of victory in agonistic disputes is
asymmetry between competitors (Parker 1974). Such differ-
ences are mainly based on the ability to fight (resource holding
potential (RHP)) and on the value of disputed resources (e.g.,
Bergman et al. 2010; Lopes and Peixoto 2013). In disputes
involving physical contact, morphological characteristics that
confer strength or ability to cause and sustain injuries, such as
mass, body size, and size of ornaments used in fights, are
among the main predictors of success (Marden and Waage
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1990; Vieira and Peixoto 2013). However, even with physical
contact, it is possible that success in agonistic interactions is
not associated with morphological characteristics (Wogel et al.
2002; Jones et al. 2011), but in asymmetries in the motivation
or resistance of competitors (e.g., amount of energy reserves)
(Krebs 1982; Marden and Waage 1990; Vieira and Peixoto
2013).

Even though the calling activity of anurans involves high
energy expenditure (Taigen and Wells 1985; Grafe 2005), it
plays a relevant role in several social contexts, sometimes
incorporating different types of calls (Wells 1977; Hodl and
Amézquita 2001; Grafe 2005). In intersex interactions, the
advertisement call is an important tool for mating, acoustic
emissions of high-energy expenditure being potentially relat-
ed to a greater capacity to attract females (Taigen and Wells
1985; Ryan 1998; Térano and Herrera 2003). In intrasex in-
teractions, calls can act in the defense and maintenance of
territories and in providing information about the quality and
aggressiveness of rivals (Wells 1988; Reichert and Gerhardt
2011; Osiejuk and Jakubowska 2017). In the case of changes
in the social context, such as the proximity of rivals (Wells
1988; Reichert and Gerhardt 2011), males can respond acous-
tically with the emission of aggressive calls and by increasing
their repetition rate, duration, and intensity (Marquez et al.
2001; Bastos et al. 2011). Although the emission of calls is
widely known to be an intermediary of agonistic interactions
between anurans (reviews in Wells 1988; Wells and Schwartz
2006; Dyson et al. 2013), there remain many gaps in the
knowledge of the subject. For example, it is known that spec-
tral parameters (e.g., dominant frequency) of calls can influ-
ence success in agonistic disputes between males (e.g.,
Reichert and Gerhardt 2013), as well as the attitude of moving
forward or backward in response to playbacks (Arak 1983).
However, the influence of temporal parameters of calls (e.g.,
call duration and number of pulses; Burmeister et al. 2002) on
success in disputes involving physical contact is little known
(Wells 2007; Dyson et al. 2013). Acoustic parameters of calls
can be closely associated with morphological attributes (e.g.,
Guimaraes and Bastos 2003), thus constituting honest signals
of the fighting ability of individuals (Bee et al. 2016). For
example, the dominant frequency of calls is commonly related
to male body attributes (e.g., Giasson and Haddad 2006) and
is therefore considered an important predictor of quality for
rival males (Arnott and Elwood 2009).

In this work, we evaluated in situ the influence of mor-
phological and bioacoustic characteristics on success in
physical disputes between males of the Neotropical treefrog
Pithecopus nordestinus (Anura: Phyllomedusidae). Our
specific objectives were to: (1) describe the behavior of
males during agonistic interactions; (2) investigate the func-
tions of the different types of calls of the species in different
social contexts; (3) evaluate the effects that morphological
characteristics have on success in physical clashes, with the
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prediction that males with greater body size (mass and body
length) will be more successful; and (4) evaluate the influ-
ence of acoustic parameters on success in physical clashes,
expecting that victory would be positively related to the
emission of acoustic signals (call repetition rate).

Material and methods
Model and study area

Pithecopus nordestinus (Caramaschi 20006) is an anuran of
the family Phyllomedusidae that is widely distributed in
Northeast Brazil (Caramaschi 2006; Borges-Leite et al.
2014; Santana et al. 2015; Ferreira-Silva et al. 2016).
The species is arboreal and uses herbs and shrubs for
vocalization (Caldas et al. 2016). Males of
P. nordestinus vocalize in reproductive aggregations and
engage in agonistic interactions using calls and physical
attacks (Vilaga et al. 2011; Caldas et al. 2012). The spe-
cies exhibits a vocal repertoire composed of at least three
types of calls: an advertisement call and two “territorial”
calls (the adequacy of this concept is discussed later).
“Territorial call I” is generally issued in aggressive con-
texts (Vilaga et al. 2011), but when issued during physical
clashes, it has been suggested that it be called a fighting
call (see Toledo et al. 2014). “Territorial call II” is usually
performed in aggressive circumstances (suggested as a
release call by Mangia et al. 2019), but as it is also emit-
ted during handling by researchers, it can be considered a
type of distress call (Vilaga et al. 2011).

The study was carried out in the municipality of Groairas
(Fig. 1) in the state of Cearad in Northeast Brazil. The mean
temperature of the region varies between 26 and 28 °C, the
climate is tropical hot semi-arid, and the mean annual rainfall
is 904.5 mm, with rains concentrated from January to April
(IPECE 2016). Data were collected at four bodies of water:
two dams (reservoirs) and two temporary ponds at the locali-
ties of Itamaraca (3° 52’ 04.2"” S, 40° 22’ 11.9” W and 3° 51’
49.7" S, 40° 22’ 16.5" W) and Lagoa do Peixe (3° 56’ 19.5" S,
40° 23’ 39.2" W and 3° 56’ 18.2" S, 40° 23’ 17.3” W), sepa-
rated from each other by a distance of at least 500 m. The
banks of the bodies of water had predominantly herbaceous
and shrubby vegetation with some individual plants of arbo-
real size.

Data collection

Sampling was carried out between February and May 2017,
during the rainy season, when the species reproduces and
vocally active males are easily found. Most of the sampling
was performed between 18:00 and 00:00 hours (70% of the
observations), a period of time that encompasses most of the



acta ethol

Fig. 1 Location of the
municipality of Groairas (point),
in the state of Ceara (colored),
Northeast Brazil

50 0 50 km

vocal activity of the species (Ferreira-Silva et al. 2016). The
rest of the sampling occurred during the early hours of dawn
(between 05:25 and 07:30 hours), when agonistic disputes
were also recorded. In all, the sampling effort totaled 218 h-
person of activity in the field. Observations of target individ-
uals were made from about 1 m away, and their behaviors
were recorded audio-visually (Sony DSC HX200v and
Canon SX50) for a total of 10 h of video-sampling. This
audiovisual database was housed in the Colecdo Audiovisual
do Semiarido (CASA) (voucher numbers CASA 055-CASA
110) at the Universidade Federal Rural do Semi-Arido
(UFERSA). A time of habituation was taken prior to the be-
ginning of recording observations to ensure that the individ-
uals were not changing their behavior due to the presence of
observers (the time was around 5 min, except for disputes in
progress). At the end of agonistic disputes, the target individ-
uals were manually captured and measured for mass with a
scale (0.01 g resolution) and snout-vent length (SVL) with a
caliper (0.1 mm resolution). After the measurements, the flank
region of each individual was photographed to allow identifi-
cation of individual specimens so as to avoid
pseudoreplication (Lima-Arajo et al. in prep; Oliveira et al.
2012; Oliveira 2017). The individuals were then released at
the site of capture.

To evaluate visual exhibitions associated with agonistic
behaviors, we identified visual signals, taking into account
redundant, conspicuous and stereotyped movements (limb
movements and different body postures), and classified them
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based on descriptions available in the literature (Hodl and
Amézquita 2001; Hartmann et al. 2005; Sa et al. 2016). We
counted the frequency of visual displays performed by indi-
viduals in each social context based on the distance between
individuals (< 50 or > 50 cm) and the stage of dispute (before
or during physical contact). In order to evaluate the function of
P, nordestinus calls, we recorded the proportion in which each
type of call (advertisement call, “territorial call I, and “terri-
torial call II’) was emitted in different social contexts (before
or during physical contact). We also calculated the repetition
rate of each call type (number of calls per minute) emitted
during fights.

For purposes of definition, we considered physical
clashes as agonistic interactions involving direct physical
contact between rivals (Reichert and Gerhardt 2011). We
considered losers of a physical clash to be individuals that
exhibited at least two of the following behaviors: (1) flee
from the area of the clash; (2) adopt a submissive (see
Body lowering in Table 2; Fig.3d) posture inside or outside
the place of the clash; (3) do not vocalize after the physical
clash (advertisement call or “territorial call I”’). We consid-
ered winners individuals who exhibited at least two of the
following behaviors: (1) remain in the area of combat im-
mediately after the clash; (2) do not maintain a submissive
posture after the clash and (3) vocalize after the clash (ad-
vertisement call or “territorial call I”’). When both combat-
ants had two characteristics associated with victory, a third
characteristic was considered to be the tiebreaker.
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Statistical analyses

We compared morphological (mass and SVL) and acoustic
(repetition rates of advertisement call, “territorial call I, and
“territorial call II”’) between winning and losing males of
physical clashes by logistic regression. We also performed
Spearman correlations to evaluate the association between
the repetition rate of calls (in calls per minute for advertise-
ment call, “territorial call I, and “territorial call II’) and the
morphological variables (mass and SVL). We used chi-square
tests with Yates correction to compare the proportions of the
different types of vocalizations (advertisement call, “territorial
call I, and “territorial call II”’) of winning and losing males
between the contexts of prior to and during fights. We con-
ducted all statistical analyses in R software v.3.4.3 (R Core
Team 2017), with a significance level of o = 0.05 and provide
descriptive statistics as mean + standard deviation (minimum-
maximum).

Results
Behaviors of winners and losers

We analyzed a total of 30 agonistic disputes between males.
The duration of the physical clashes ranged from 5 s to 20 min
(3.67 5.4 min, N=30). Of the total number of clashes sam-
pled, observations of 53% (N = 16) began before the start of
the physical dispute and 47% (N = 14) began during the
course of fights. Of the physical disputes observed prior to
the start, five (31.3%) involved two vocalizing males and
eight (50%) involved one vocal and one silent male (Fig. 2).
It was not possible to determine if males were vocalizing prior

Fig. 2 Sequence of events that
encompassed the formation and
conclusion of physical disputes
between males of Pithecopus
nordestinus. Dashed arrows
indicate that the visual displays
may have occurred prior to the
physical disputes

VISUAL

- LEAVES AREA OF DISPUTE
- NO POST-FIGHT VOCALIZATION
- PRESENTS SUBMISSIVE POSTURE

@ Springer

to the beginning of the fights in the other three (18.7%)
disputes.

It was possible to define winning and losing males in 28 of
the 30 clashes analyzed. All males that won agonistic disputes
called and posed erect after physical clashes. The majority
(82.1%, N=23) of the winning males remained at the scene
of the dispute after the fighting ended. On the other hand, the
majority (75%, N=21) of losing males withdrew from the
place where the combat took place after the dispute with the
rival. Among the losers that remained at the scene of the fight
(25%, N =17), all exhibited a submissive posture at the end of
the dispute. Only 14.3% (N =4) of the losing males called
after the fight, but in these cases, the vocalizations occurred
after leaving the site of the clash (Table 1).

Four different types of visual displays were recorded in the
presence of rivals (V=24 individuals). In body raising, the
body was raised with the extension of the four limbs, raising
the belly from the ground (Fig. 3a). Leg kicking consisted of
stretching and rapidly replacing the hind leg in a similar move-
ment to a kick (Fig. 3b). Body jerking consisted of an abrupt
forward movement of the body, without removing the front
legs from the ground, and then returning to the initial posture
(Fig. 3¢c). The movements body raising, leg kicking, and body
jerking were always carried out at a distance of less than 50 cm
from the rival. Body lowering consisted of lowering the abdo-
men completely onto the substrate, with head and limbs usu-
ally close to the body (Fig. 3d). These visual displays were
often accompanied by acoustic signals (Table 2).

Different types of calls and their social contexts
The proportion of different calls emitted by males in the con-

texts of prior to and during physical clashes was obtained from

FOCAL VOCALIZING
INDIVIDUAL

/ \

ACOUSTIC —— PERSECUTES SILENT
INTERACTION WITH NEIGHBOR
NEIGHBOR l
“+ MALES APPROACH S'LENLL'AE'::WR
ONE ANOTHER
N
PHYSICALDISPUTE
LOSER WINNER

- REMAINS IN AREA OF DISPUTE
- POST-FIGHT VOCALIZATION
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Table1 Combinations of behaviors associated with victory or defeat in
physical clashes between males of Pithecopus nordestinus and the
frequency at which they were observed (N =28 physical clashes)

Combination of criteria Status Percentage Number
Stay+call+erect Winner 0.41 23
Exit+call+erect Winner 0.09 5
Stay+no call+submission Loser 0.13 7
Exit+call+erect® Loser 0.07 4
Exit+no call+erect Loser 0.05 3
Exit+no call+submission Loser 0.09 5
Exit+no call Loser 0.16 9

Stay, remain in the place of the fight after the clash; Exit, withdraw from
the place where the clash occurred; call, vocalize after the fight; no call,
keep silent after the fight; submission, abdomen near the substrate, limbs
usually close to the body; erect, abdomen away from the substrate, limbs
never arranged close to the body

# Although with two criteria of victory, these males were considered losers
because their rivals remained in the area of the fight, while these left the
area

the analysis of the emission of calls prior to agonistic disputes
(N=15 males) and of the calls emitted during physical dis-
putes (N=39 males). The samples of contexts preceding
physical disputes had a duration of 3.4 + 1.75 min, while the
samples of contexts during physical clashes lasted 4.7 +

4.4 min. The proportion of different types of emitted calls
varied between the different social contexts (Fig. 4). The emis-
sion of advertisement calls diminished between before (win-
ners, 48%, N =8; losers, 53.6%, N =7) and during (winners,
16.3%, N =19; losers, 0%, N = 20) physical contact in fights,
both for male winners (X2 =16, df=1, P<0.001) and losers
(X2 =54,df=1,P<0.001). On the other hand, the emission of
“territorial call I’ by winning males increased from 52% (N =

Fig. 3 Visual exhibitions
performed by males of
Pithecopus nordestinus. Arrows
pointed in a single direction
indicate unique, non-repeated
movements (a, d). Arrows in op-
posite directions indicate fast and
repeated movements (b, ¢). a
body raising; b leg kicking, ¢
body jerking, d body lowering

8) before the disputes to 83.7% (N=19) during fights (X* =
321.23, df=2, P<0.001) but decreased from 46.4% (N=7)
to 22.1% (N =20) among loser males (X*=8.47, df=1, P=
0.004). “territorial call I1I” was only emitted by male losers
during physical clashes (83.3% of the events) and was not
issued by male winners in any context. There was no signifi-
cant difference in the proportions of emission of the advertise-
ment call and “territorial call I’ between winning and losing
males prior to fights (X* = 0.32, df= 1, P = 0.6). During fights,
the advertisement call was not emitted by loser males but
accounted for 16.3% of the calls emitted by winners. “territo-
rial call I” corresponded to 83.7% of the calls emitted by
winners and 22.1% of the calls emitted by losers during fights
(X*=36.3,df=1, P<0.001; Fig. 4).

Predictors of winners of fights

Mass and SVL of winning (N =27) and loosing (N =25) males
were obtained from the analysis of 28 physical fights. The mass
of winners averaged 1.64 £0.2 g (1.29-2.05, N=27) and that of
losers 1.63+0.2 g (1.24-2.05, N =25). There was no influence
of mass (Coef=0.11, SE=1.4, P=0.94, N= 52 individuals) on
success in physical disputes. The SVL for winners averaged
3.17+0.1 cm (2.9-3.46, N=27) and of losers 3.18 £0.1 cm
(2.9-3.4 N=25). There was also no influence of SVL (Coef=

0.75, SE=2.22, P=0.73, N=52 individuals) on success in ag-
onistic disputes.

The repetition rate of calls of winning (N=19) and losing
(N=20) males were obtained from the analysis of 20 physical
disputes. The repetition rate of the advertisement call during
physical disputes averaged 1.31+1.65 calls min ' (0—4.5
calls min™") for winners. This call was not issued by losing males.
The repetition rate for “territorial call I’ emitted during physical
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Table2  Context of visual exhibitions performed by males of Pithecopus nordestinus, mean number of exhibitions per individual, and association of

exhibitions with the different types of calls

Exhibition Number Calls N
Body stationary
Body raising During vocal interaction or at the end of physical clashes, over male Single movement Ter I, An 2
in lowered posture (body lowering).
Body lowering At the end of physical clashes, under the male in erect posture (body raising), Single movement - 11
or after escaping physical disputes.
Body moving
Body jerking Before physical clashes or over male in lowered posture (body lowering). 4+1.94 (1-8) Ter 1 9
Leg kicking During vocal interaction or at the end of physical clashes over male in lowered 43+4.04 (2-9) Ter I, An 3

posture (body lowering).

Ter I, “territorial call I’; An, advertisement call; N, number of individuals that performed the movement

disputes averaged 7.87+7.32 calls min ' (0-22.5 calls min ')
for winners and 1.12+2.93 calls min ' (0-10.7 calls min™") for
losers. There was a positive influence of the repetition rate of
“territorial call I’ on success in agonistic interactions (Coef=

0.27, SE=0.09, P<0.01, Fig. 5). The repetition rate of “territo-
rial call II” during agonistic disputes averaged 15.69 £20.7
calls min~ ' (066 calls min ") for losers. This call was not emit-
ted by winning males. There was no correlation between the
repetition rate of calls emitted during fights and mass (advertise-
ment call tho =0.04, P=0.81; “territorial call I’ tho=0.09, P=

0.59; “territorial call II” tho =—0.05, P=0.78) or SVL (adver-
tisement call rho=—0.11; P=0.51, “territorial call I’ rho=—

0.1, P=0.55; “territorial call II” tho=0.19, P=0.26).

Discussion
Visual displays in agonistic disputes

Agonistic disputes between males of P. nordestinus included
acoustic interactions, visual displays and physical fights.

Fig. 4 Proportion of calls emitted
(advertisement call, “territorial
call I,” and “territorial call II”) by
males (winner and losers) of
Pithecopus nordestinus before
and during physical fights.
BEFORE PF, before physical
fighting; DURING PF, during
physical fighting
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Anuran fights can progress through levels of aggression and
advance from advertisement calls emitted in antiphony be-
tween neighbors, to the emission of aggressive calls, the dis-
play of visual signals (in species that perform this behavior)
and even culminate in physical fights (Wogel et al. 2004;
Reichert and Gerhardt 2011). The results presented here re-
cord for the first time the occurrence of the visual signals body
raising, body jerking, and leg kicking for a Phyllomedusidae
species, thus indicating that their occurrences may be more
extensive in the evolutionary history of anurans. Those dis-
plays were recorded predominantly in short-distance interac-
tions between rivals and prior to physical fights and have
previously been linked to aggressive contexts for other an-
urans (e.g., Hylodes asper, Boana albomarginata,
H. dactylocinus, H. pyllodes, Dendropsophus werneri, and
Crossodactylus schmidti—Hod]l and Amézquita 2001,
Hartmann et al. 2005; Narvaes and Rodrigues 2005; Toledo
et al. 2007; Miranda et al. 2008; Caldart et al. 2014). Leg
stretching is the most commonly recorded visual display in
an aggressive context for species of the family
Phyllomedusidae (e.g., Phyllomedusa sauvagii, P. boliviana,
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LOSER / WINNER
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Fig. 5 Relationship between success in physical fights and repetition rate
(calls min?) of “territorial call I in males of Pithecopus nordestinus.
Value 1 was assigned to winners and 0 to losers. Six winners and
seventeen losers did not emit this kind of call (points overlaid on the
graph). The line represents the trend based on expected values by a
logistic regression model

and P. iheringii—Halloy and Espinoza 2000; Jansen and
Kohler 2008; Dias et al. 2017) but was not performed by
P, nordestinus.

In particular, the behavior of lowering the body, similar to
the posture described for body lowering, has been previously
recorded for P. nordestinus and is performed by males that are
physically attacked by conspecifics (Vilaga et al. 2011). This
posture may indicate submission to the rival (Hartmann et al.
2005), and the association with other behaviors observed in
the present study (e.g., not singing and leaving the site of the
fight) reinforces this interpretation, demonstrating that this
behavior may be indicative of defeat in physical fights, being
exhibited by 43% of the losing males. The description of vi-
sual displays for P. nordestinus generates a more integrated
knowledge of the elements that compose agonistic disputes,
and support for investigations focused on the importance of
visual signaling in social interactions of this species.

Functions of the different types of calls

The “territorial call I” was emitted most often by winning
P. nordestinus males during fights (composing 83.7% of all
calls emitted by winning males and 22.1% of calls by losing
males). Field observations suggest that the issuance of “terri-
torial call I”” is influenced by the distance between rivals. In
contexts in which target males were more than 0.5 m away
from a rival, “territorial call I’ constituted only 10% of the
emissions (90% were the advertisement call). These data re-
inforce the aggressive function suggested for this call.

Gradations in aggressive calls occur by modifying, usually
increasing, temporal parameters of the call, such as the num-
ber of notes and repetition rate, and less frequently, by spectral
parameters, such as dominant frequency (Morais et al. 2012;
Reichert and Gerhardt 2013). In fact, investment in altering
these temporal parameters of calls usually increased with re-
duced distance between rival males or in response to the emis-
sion of calls by conspecifics (Osiejuk and Jakubowska 2017).
If the advertisement call has the primary function of attracting
females for mating in P. nordestinus, and if aggressive calls
are less attractive to females (Wells and Schwartz 2006), then
there must be a trade-off between attracting females and re-
pelling males in the vocal activity of males P. nordestinus. The
findings of the present study support this idea since the pro-
portion of aggressive call emission (“territorial call I”’) in-
creases during fights and decreases with increasing distance
between rival males.

Considering that the function of the so-called “territorial
call I’ was demonstrated to be independent of the establish-
ment of territories between rival males, and that the use of the
term “territorial” should be applied only in situations of clear
defense of territories and not in any aggressive context, espe-
cially for species where there is no evidence of the establish-
ment of territories (Wells 2007; Toledo et al. 2014), we strong-
ly recommend changing the nomenclature of “territorial call I’
of P. nordestinus to only aggressive call or, specifically, fight-
ing call when emitted during fights and encounter call when
preceding fights, in the context of a small distance between
males. Inconsistencies in the use of names can lead to great
problems with interpretation (Toledo et al. 2014), especially
when applied by non-specialists of the study model, such as in
behavioral research, for example. These results contribute to
understanding the functions of the aggressive calls of
P. nordestinus, as the present study broadened information
about the contexts of use of each type of call.

“Territorial call II” of P. nordestinus in the studied area was
also associated with aggressive interactions among males, as
previously reported for another population (Vilaca et al.
2011). However, we observed that this vocalization was emit-
ted predominantly by disadvantaged males during physical
disputes. The literature reports that this call can be emitted
during handling by researchers, and thus can be considered a
type of distress call (Vilaga et al. 2011); however, it can also be
emitted when a male is inappropriately clasped by another
male, and thus can be considered a release call (Mangia
et al. 2019). These contrasting findings suggest that the term
“territorial call II” is not the most adequate since there is no
evidence that it is directly associated with territorial defense.
Moreover, since the previous studies did not evaluate the en-
tire behavioral context of emissions, as done in the present
study, we suggest a new subcategory for this call. We recom-
mend the term uneasiness call (when the individual is in dis-
comfort or in an unpleasant context) as a substitute for
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“territorial call II”, since it was exclusively emitted by loser
males in contexts of submission. Therefore, the evidence of
the present study reinforces the need to evaluate the specific
contexts in which calls not directly associated with reproduc-
tion are emitted (aggressive and defensive calls sensu Toledo
et al. 2014) for a better understanding of the specific signals
transmitted by them.

Predictors of success in agonistic interactions

There was no influence of mass or body size on success in
agonistic disputes between males of P. nordestinus, similar to
what had been observed by Vilaca et al. (2011) for another
population of P. nordestinus in the Atlantic Forest. In disputes
involving physical contact, body traits associated with
strength or ability to cause damage are more commonly relat-
ed to success in fights (e.g., Vieira and Peixoto 2013).
However, Vilaca et al. (2011) suggested that P. nordestinus
prioritized vocalization in detriment of physical attacks in ag-
onistic disputes, justifying the low number of physical con-
frontations recorded by them (N =4 physical disputes). The
results of the present study are based on a much more repre-
sentative sampling (N =30 physical disputes) and reinforce
the idea that the emission of acoustic signals was more closely
associated with success in agonistic interactions than body
characteristics of males. In this sense, it is known that when
damage inherent to agonistic disputes is not associated with
the capacity to cause injury (e.g., aggressive disputes without
physical contact), the combat decision may be related to resis-
tance asymmetry (e.g., quantity of energy reserves) or moti-
vation of competitors, due to, for example, the value of dis-
puted resources (Krebs 1982; Marden and Waage 1990; Vieira
and Peixoto 2013). For anurans, an interesting perspective
would be to evaluate whether differences in resistance (e.g.,
due to the amount of energy reserves) are associated with
calling activity and, consequently, how the relationship be-
tween acoustic signal emission, energy expenditure and moti-
vation help explain victory or defeat in fights.

The present study reports a positive relationship between
repetition rate of the fighting call and success in physical dis-
putes. The relationship between temporal parameters of calls
and success in physical attacks is still little investigated com-
pared with similar studies with spectral parameters of calls
(Giasson and Haddad 2006; Bastos et al. 2011; Reichert and
Gerhardt 2013). Regarding the influence of temporal param-
eters on success in fights, Burmeister et al. (2002) did not find
a relationship between temporal parameters (e.g., call length
and number of pulses) and the attitude of attacking an intruder
or abandoning an agonistic dispute. The literature reveals,
however, that males in acoustic interactions without physical
contact can change acoustic parameters of their calls, such as
increasing the duration and number of notes, as a sign of
increased aggressiveness or of presenting attributes of the

@ Springer

ability to fight against rivals (review in Bee et al. 2016). A
greater effort in these attributes, however, can generate a
higher-energy expenditure (Wells 2007). Some hypotheses
suggest that maintaining costly features may be a sure sign
of the quality of individuals (Zahavi 1975; Hamilton and Zuk
1982). Thus, if the emission of certain acoustic signals is con-
siderably onerous, it may be an important signal of the quality
of the individual. In animal disputes, however, it is possible
that other characteristics, independent of body attributes or
onerous signals (e.g., hierarchy, residence; Senar et al. 1989;
Wogel et al. 2002; Wogel et al. 2004), are related to success in
fights (Krebs 1982; Carvalho et al. 2016). The present re-
search revealed that most of the interactions analyzed
(83.7%) were between vocal and silent males (or males that
only emitted uneasiness calls, indicative of submission), with
vocal males as winners. In this way, investigating asymmetries
in fighting ability and motivation contributes to a more solid
understanding of the reasons for success in physical fights.
Thus, we corroborate the hypothesis that success in physical
fights of P. nordestinus is positively related to the emission of
acoustic signals (fighting call), thus contributing to fill an
important knowledge gap regarding the influence of temporal
parameters of calls on the success of physical disputes in
anurans.
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