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Abstract. Social structure in anurans is directly related to reproductive traits such as chorus organization, male territoriality, pair formation,
breeding site choice, and temporal breeding pattern. The Neotropical treefrog Dendropsophus sanborni is an excellent model for studies on
reproductive dynamics because it is a prolonged-breeder and usually occurs in high densities. Here, our goals were to better understand the
factors that lead to social organization and influence seasonal reproductive dynamics of males of the species. We addressed the hypotheses
that (1) the seasonal dynamics of D. sanborni is locally delimited by climatic conditions throughout its breeding season and (2) territorial
males are structured spatially and temporally based on body size. We carried out monthly field sampling between October 2015 and
September 2016 in an ecotone region of Brazil that originally comprised Semideciduous Seasonal Forest and Cerrado (savannah vegetation).
We specifically analyzed environmental conditions, population abundance, size of calling males, and microhabitat use. Our results showed
that environmental conditions drive the seasonal reproductive pattern and social structure of calling males is not organized by size. We did
not find significant variation in male size among months of the breeding season or among perch heights and types. Our findings suggest a
prolonged seasonal reproductive pattern associated with climatic factors without a social structure based on body size.

Keywords. Anura; Breeding recruitment; Breeding season; Dendropsophus sanborni; Social organization; Social structure; Atlantic Forest; Cerrado.

INTRODUCTION

Among anurans, social organization is directly re-
lated to body size and reproductive traits such as chorus
structure, male territoriality, pair formation, breeding
site choice, and temporal breeding pattern (Wells, 1977,
Martin et al., 2011; Rosa and Andreone, 2012; Sousa and
Avila, 2015; Berec, 2017). Moreover, temporal and spa-
tial breeding patterns are affected by abiotic (e.g., climate
and availability of reproductive resources) and biotic (e.g.,
habitat use, abundance of individuals, reproductive strat-
egies, and adult life span) factors (Crump, 1974; Gally and
Zina, 2013; Akmentins et al., 2015; Hurme, 2015; Luna-
Goémez et al.,, 2017; Leivas et al., 2018). The majority of
the anuran species from tropical areas with well-defined
seasons possess seasonal reproductive dynamics associ-
ated with the hotter and rainier periods of the year (Shah-
riza et al., 2010; Van Sluys and Guido-Castro, 2011; Wal-
dez et al., 2011; Schalk and Saenz, 2016).

Seasonal reproductive patterns observed among an-
urans can be classified along a continuum between two
basic types, prolonged and explosive (Wells, 1977). Pro-
longed breeding is most common among anurans and is
characterized by long breeding periods and evident male
territorial behavior (Wells, 1977; Vilaca et al., 2011; Bru-
netti et al., 2014; Dias et al., 2017). The lek system is

considered typical of long-breeding species and involves
males that call from within territories that serve as ex-
hibition arenas for the attraction of females, who choose
their mates (Wells, 2010; Héglund and Alatalo, 2014;
Dias et al., 2017). Females visit the territories of males
and choose mates on the basis of the quality of the breed-
ing site, acoustic characteristics of calls, and morphologi-
cal characteristics (such as body size; Jaquiéry et al., 2010;
Roff, 2015; Botto and Castellano, 2016; Zhu et al., 2016;
Cayuela et al., 2017a,b).

In anuran species with a lek mating system and a
prolonged breeding, males compete and defend resource-
based territories as breeding sites, with disputes occur-
ring mainly via calls, endurance, warning displays, and
physical combats (Wells, 1977; Rosa and Andreone, 2012;
de Sé et al., 2016; Ospina-L. et al., 2017). Body size is also
an important male trait associated with territory defense,
thus influencing intrasexual competition. Differences in
size can promote advantages among males during acous-
tic disputes, endurance, choices made by females, and
physical combats (Zheng et al., 2010; Hoéglund and Ala-
talo, 2014; Méndez-Narviez and Amézquita, 2014; Laird
etal., 2016; Zhu et al., 2016; Berec, 2017; Ospina-L. et al.,
2017; Turin et al., 2018).

The diversity of reproductive strategies among an-
urans might be more a reflection of environmental attri-
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butes than phylogenetic history (e.g., Haddad and Prado,
2005; Miller et al., 2013; Akopyan et al., 2018; O’Brien
et al., 2018). The breeding season of an anuran species
is limited by seasonal climatic factors in association with
its social behavior, reproductive traits, and intraspecific
competition. However, the selective pressures that favor
prolonged breeding patterns are still not totally clear. De-
spite wide reports of mating advantages for large males in
anurans with prolonged breeding patterns and lek mating
systems (e.g., Berec, 2017; Clause, 2017; Ospina-L. et al.,
2017), this is not the case for all species (e.g., Gutiérrez
and Luddecke, 2002; Friedl and Klump, 2005; Jacobs
etal., 2016; Yu et al., 2016; Zhu et al., 2016).
Dendropsophus sanborni (Schmidt, 1944) is a Neo-
tropical treefrog of the family Hylidae Rafinesque, 1815
that possesses a prolonged reproductive pattern with ter-
ritorial males organizing lek mating systems (Cardoso,
1981; Martins and Jim, 2003; Toledo et al., 2003; Both
et al., 2008; Santos et al., 2008). This species is an excel-
lent model for better understanding the factors that lead
to social organization and that influence reproductive
dynamics over time. By studying calling males of D. san-
borni over a 1-year period, we aimed to better understand
the seasonal reproductive dynamics of this species by ex-
plaining how climatic conditions drive its reproduction.
We wanted to determine how calling males are socially
organized in space and how their organization is variable
throughout the breeding season by specifically explor-
ing population abundance, body size, and microhabitat
use. Our hypotheses are that (1) the seasonal dynamics
of D. sanborni are conditioned by climatic conditions and
(2) throughout its breeding season, territorial males are
organized spatially and temporally based on body size.

MATERIALS AND METHODS
Study species

Dendropsophus sanborni is a relatively small Neo-
tropical treefrog of the family Hylidae that exhibits a pro-
longed reproductive pattern with territorial males that
use vegetation surrounding flooded areas as calling sites
where they organize lek mating systems (Cardoso, 1981;
Martins and Jim, 2003; Toledo et al., 2003; Both et al.,,
2008; Santos et al., 2008; Haddad et al., 2008). The spe-

cies usually occurs in high abundances, which makes this
hylid an excellent model for studying social organization
and reproductive dynamics over time.

Study area and data collection

We conducted our study at the Cantaclaro ranch
(22°19'30"S, 47°42'52"W, 620 m above sea level), lo-
cated in the Distrito de Itapé, municipality of Rio Claro,
state of Sdo Paulo, southeast Brazil. The ranch is about
20 km northwest of Rio Claro and about 15 km south-
east of municipality of Itirapina. The relief of this rural
region comprises hills and valleys and was originally an
ecotone between Semideciduous Seasonal Forest and Cer-
rado (savannah vegetation), but it is currently extensively
modified by agricultural and livestock activities. Accord-
ing to the classification of Koeppen, the climate of the re-
gion is of the type Cwa, marked by two defined seasons:
a dry cold season, usually from April to September, and a
rainy hot season, usually from October to March (Zaine
and Perinotto, 1996). The study area encompassed a zone
located along a slow-flowing stream in a valley, where a
90-m transect was demarcated with 10 wooden stakes,
numbered 0-9, spaced at 10-m intervals.

We conducted fieldwork during the course of 1 year,
starting in October 2015 and ending in September 2016,
with one field visit per month. To determine the length
of the species’ breeding season we recorded the presence
or absence of calling males every month (reproductively
active males). We also estimated the monthly abundance
of calling males by performing one auditory count per
month. These auditory counts were performed with inter-
vals of ca. 30 d between them and always at around 22:00
(a time that has high activity of calling males), thus avoid-
ing subsequent sampling while also standardizing data
collection in the field. These counts were performed while
walking along the transect at a constant speed and regis-
tering every calling male heard (Heyer et al., 2001). Our
activities in the field were conducted from 18:00-01:00,
depending on the activity of calling males. We captured
calling males via acoustic tracking to measure snout-vent
length (SVL; mm) with digital calipers (Mitutoyo, model
MIP/E-102, to the nearest 0.01 mm).

We captured a large number of calling males during
each expedition and along the transect (Table 1), without

Table 1. Abundance of calling males recorded by monthly auditory counts (one count per month of the number of males calling; see Materials and
Methods for details) and total number of calling males captured at the Cantaclaro ranch, Itapé, Rio Claro, Sio Paulo, Brazil. The ratio row shows how
representative our monthly samples were.

2015 2016
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Abundance 15 15 37 55 33 3 0 0 0 0 0 3
Captures 10 9 16 19 13 2 0 0 0 0 0 3
Ratio 66% 60% 43% 34% 39% 66% - - - - - 100%
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prioritizing any specific area, to ensure that the choice of
the individuals sampled was random. In order to docu-
ment the temporal distribution of individuals during the
breeding season, we marked and captured males using a
standardized method consisting of the ablation of digits
in a sequential order (see Martof, 1953). Recaptures were
randomized by following the same method employed for
captures. In addition to marking, we also recorded char-
acteristics of calling sites (height and type of perches).
These methods also allowed us to determine how the
sizes of calling males are organized in space, considering
that social structure is based on size. After marking and
measuring, we released the calling males exactly where we
found them.

Given that anurans are ectothermic and have life
cycles that are strongly associated with water, we selected
specific climatic traits that could potentially influence
or limit the reproductive activity of males of the species,
with a focus on understanding the seasonal reproductive
dynamics of Dendropsophus sanborni (Saenz et al., 2006;
de Sa et al., 2014; Caldart et al., 2016; Plenderleith et al.,
2018). During each field visit we also recorded the me-
teorological conditions of air and water temperature and
relative air humidity using a digital thermohygrometer
(Incoterm, model 7429, to the nearest 1°C and 5% rela-
tive air humidity). We complemented our meteorological
data with information about the total monthly rainfall
and monthly air temperature of the study region collected
by the weather station of the Centro de Andlise e Plane-
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jamento Ambiental (CEAPLA/IGCE) at UNESP, Rio Claro,
SP, Brazil, located ca. 18 km from the study area.

Correlations between abundance of calling males and
environmental factors were analyzed using Spearman co-
efficients (rs) because abundance of calling males was not
normally distributed. To test for variation in monthly mean
SVL of calling males, we performed an analysis of variance
(ANOVA). Likewise, we used ANOVA to test for variation
in mean SVL of calling males among distinct perch heights.
We checked for homogeneity of variances and normality
of residuals to validate the test. We considered statistical
significance at the level of 5% (Zar, 1999) and used the sta-
tistical software BioEstat 5.3 (Santos, 2007).

RESULTS

Monthly abundance of calling male Dendropsophus
sanborni varied considerably over the year. At the begin-
ning of our study in October 2015, calling males were al-
ready reproductively active. The number of calling males
increased progressively every month until January 2016,
when we recorded the highest number of calling males
(n = 55 individuals). The abundance of calling males sub-
sequently declined to 33 individuals in February and only
3 in March; no reproductively active males were recorded
from April to August. Finally, in September 2016 we doc-
umented the commencement of the breeding season by
recording 3 calling males (Table 1; Fig. 1).
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Figure 1. Number of calling male Dendropsophus sanborni per month (bars), total monthly rainfall (mm, line), and air (dashed line) and water (dotted line)
temperatures (°C) per month at the Cantaclaro ranch, Itapé, Rio Claro, Sao Paulo, Brazil. We converted total monthly rainfall and temperatures to log scale
for better visualization of the correlation of these variables with the abundance of calling males.
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Total monthly rainfall and abundance of calling
males varied gradually over the course of the rainy season.
From the beginning of the species’ breeding season, both
abundance of calling males and total rainfall gradually in-
creased, peaking in January, when we recorded the highest
values for rain and active males; subsequently, they both
decreased gradually. Total rainfall increased significantly
between May and June 2016, but particularly between 16
May and 9 June, representing an unusual pattern for the
region, which typically has pretty dry winters (Zaine and
Perinotto, 1996). Despite this unexpected increase in the
amount of rainfall in May and June, we recorded no call-
ing males during these months or during the remaining
months of the colder period of the year.

The abundance of calling males per month during the
2015/2016 breeding season was not normally distributed,
according to Shapiro-Wilk’s test (W = 0.76; P = 0.0095),
and it was significantly correlated with abiotic factors (see
Fig. 1), including those we measured directly: air tem-
perature (rs = 0.87; P = 0.0002; n = 12), water tempera-
ture (rs = 0.68; P = 0.014; n = 12), and relative air humid-
ity (rs = 0.62; P = 0.02; n = 12). Additionally, considering
data for abiotic factors obtained from the weather station
(located about 18 km from the study area), abundance
of calling males per month was significantly correlated
with mean monthly minimum air temperature (rs = 0.89;
P = 0.0001; n = 12), monthly minimum air temperature
(rs = 0.83; P =0.0008; n = 12), monthly maximum air tem-
perature (rs = 0.56; P = 0.05; n = 12), and total monthly
rainfall (rs = 0.56; P = 0.05; n = 12). The abiotic factor
that was not correlated with the number of calling males
was mean monthly maximum air temperature (rs = 0.54;
P =0.06; n =12), also obtained from the weather station.

We classified males into three size-categories—
large, medium, and small—on the basis of the range
of SVLs for all 72 males captured during our study (see
Fig. 2). Figure 2 shows the distribution of SVLs for call-
ing males per month. At the beginning (September) and
end (March) of the breeding season, only medium-sized
males were calling. With the exception of November (with
only small- and medium-sized males being present), we
registered calling males from all the size categories (i.e.,
representing the variability of sizes) in all other months
of the breeding season. We found no statistically sig-
nificant variation in the SVLs of captured calling males
among months throughout the 2015/2016 breeding sea-
son (F =1.02; P = 0.41, df = 5), indicating that there is no
temporal organization or temporal structuring through-
out the breeding season based on male size.

Only three calling males were recaptured, all at the
end of the breeding season (February and March). These
males were recaptured very close to the place where they
were originally captured in the previous month (displace-
ment of 5.5 m for one of the males and 2.4 m for the other
two).

Table 2. Different perch heights used by male Dendropsophus sanborni
as calling sites. We indicate the number of calling males (n) recorded in
each perch height class and their respective sizes (snout-vent length
[SVL], given as X + SD, minimum-maximum).

Perch height (cm) n SVL (mm)
61-70 1 16.54
51-60 1 16.75
41-50 13 17.63 + 0.71,16.93-19.04
31-40 19 17.72 + 0.74,16.73-19.05
21-30 23 17.72 + 0.74,16.02-19.60
11-20 7 17.41 +0.70,16.70-18.33
1-10 8 17.56 + 0.72,16.67-18.60
SVL 3 10 9 16 19 13 2
19.51-19.75 |
19.26 — 19.50 w
19.01-19.25 | 2
18.76 - 19.00 3
18.51—18.75
18.26 — 18.50
18.01-18.25 || =
17.76 - 18.00 3
17.51-17.75 S
17.26-17.50 |
17.01-17.25 i
16.76 - 17.00 2 SCALE
16.51-16.75 | g
16.26 — 16.50 | o |1
16.00 - 16.25 | "3’
Sﬂ Oct Nov Dec Jan Feb Mar 4
2016 2015 2016

Figure 2. Distribution of snout-vent lengths (SVLs) of calling male
Dendropsophus sanborni at Cantaclaro ranch, Itapé, Rio Claro, Sdo Paulo,
Brazil. The total number of males measured per month is indicated at
the top of the figure. Bar width is proportional to the number of individ-
uals for each size class indicated on the vertical axis (corresponding to
the scale box). September 2016 is moved to the left side of the figure to
facilitate the observation of the seasonal breeding pattern of the species.

Sixty-eight of the sampled calling males (about
94.4%) were using grass leaves positioned over the water-
body as calling perches, while only four (5.6%) were us-
ing grass leaves but positioned over the ground (Table 2).
Of the 72 males captured, 55 (76.4%) were on perches
of intermediate height (21-50 cm). We did not find any
statistically significant variation in perch height among
mean calling male size (F = 0.8383; P = 0.5448; df = 6),
indicating that there is also no spatial organization or
spatial structuring throughout the breeding season based
on male size.

DISCUSSION
Seasonal reproductive activity

The breeding season of Dendropsophus sanborni in
the region of Rio Claro, So Paulo, Brazil, has a duration of
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7 months, beginning in September and ending in March,
with a peak in January, and thus can be classified as pro-
longed (sensu Wells, 1977; Wells, 2010). Toledo et al.
(2003) recorded the same period of activity for D. san-
borni in another locality in the municipality of Rio Claro.
Although it seems D. sanborni always exhibits a prolonged
reproductive pattern, its period of reproductive activity
can vary among different areas of its occurrence. For ex-
ample, Santos et al. (2008) reported reproductive activity
for D. sanborni from August to May in the municipality
of Santa Maria, state of Rio Grande do Sul, South Brazil,
with sporadic vocalizations during hotter nights in July.
Near Santa Maria, Ximenez and Tozetti (2015) recorded
reproductive activity between August and March. Our
study indicates that the length of the breeding season is
associated with abiotic factors, such as rainfall, air and
water temperatures, and relative air humidity. Thus, the
variation observed in the length of the breeding season of
D. sanborni among locations most likely follows variation
related to the distinctive characteristics of each locality,
particularly variation associated with climate and micro-
habitat.

We observed that the beginning and end of the
breeding season of Dendropsophus sanborni coincide with
the beginning and end of the rainy season, respectively (as
defined by Koeppen; see Zaine and Perinotto, 1996). The
seasonal distribution of anuran species activity can be in-
fluenced by several interrelated factors that are subject to
daily, monthly, and annual variation (such as maximum
and minimum temperatures, rainfall, and hydroperiod;
e.g., Kopp and Eterovick, 2006; Hartel et al., 2007; Gally
and Zina, 2013; Akmentins et al., 2015; Hurme, 2015;
Luna-Gémez et al., 2017; Leivas et al., 2018). Thus, inter-
actions of these factors may be responsible for variation
in the reproductive periods of anurans. For D. sanborni,
we observed that in addition to rainfall, other climatic
traits influenced reproductive activity, including those
for the region obtained from the meteorological station
(mean minimum air temperature, minimum monthly air
temperature, and maximum monthly air temperature), as
well as those we measured directly during the nights of
our field visits (air temperature, water temperature, and
relative air humidity). The colder and drier season clearly
limited the activity of the species, whereas the hotter and
rainier season provided abiotic conditions favorable for
breeding activity (see Wells, 1977; Shahriza et al., 2010;
Van Sluys and Guido-Castro, 2011; Waldez et al., 2011;
Schalk and Saenz, 2016).

Temporal and spatial social structure
Larger calling males were not detected at the begin-

ning of the species’ breeding season, at the end, nor in
November, and variation in body size in the chorus over

months was not statistically significant. The absence of
larger males at the beginning and the end of the season
is most likely due to still unideal climatic conditions for
reproduction. Our results demonstrated statistically
that males of all sizes (large, medium, and small) called
throughout the entire rainy season, suggesting that a sin-
gle, marked moment for breeding recruitment of younger
(smaller) males and a temporally ordered social spatial
structure based on body size do not occur in Dendropso-
phus sanborni reproduction.

Males of Dendropsophus sanborni called on perches
1-70 cm in height and exhibited preference for interme-
diate heights, which might represent a trade-off between
propagation of vocalizations and exposure to sound-ori-
ented predators (see Zuk and Kolluru, 1998; Amézquita
and Hoédl, 2004; Jacobs and Bastian, 2017). However,
variation in body size of calling males among perch
heights was not statistically significant, indicating that
the vertical spatial organization of males is not based on
body size. Further, the majority of males were observed
using the same type of vegetation as calling sites, dem-
onstrating that the use of calling sites is not based on
size either. Overall, the microhabitats most preferred by
males for calling sites likely reflect the best habitat char-
acteristics and the most appropriate conditions for the re-
productive mode of the species (e.g., perch height, perch
type, water and soil distances; see Haddad and Prado,
2005; Dias et al., 2014; Cunha and Napoli, 2016; Mageski
et al., 2016). Dendropsophus sanborni has a reproductive
mode characterized by floating oviposition in aquatic veg-
etation, using lentic or lotic and permanent or temporary
waterbodies (Cardoso, 1981; Haddad and Prado, 2005;
Both et al., 2008), traits that are clearly linked to the mi-
crohabitats used by males as calling sites as recorded in
the present study.

Dendropsophus sanborni males have been reported in
the literature to be territorial, with intrasexual disputes
primarily with the emission of advertisement calls and
secondly with physical aggression (see Cardoso, 1981,
Martins and Jim, 2003). According to Cardoso (1981),
D. sanborni exhibits intense competition, with calling
males spaced by short distances in the chorus and with
frequent physical fights. Although we did not measure the
distances among males, we also did not observe physical
combat during the breeding season. Our data indicate
that competition for territories was not intense and also
that calling males did not resort to fights. Physical com-
bat is generally avoided and used only as a last option
during territorial disputes, since fights are energetically
costly (and deviate energy from reproduction) and cause
physical wear, injuries, and increased exposure to preda-
tors (Robertson, 1986; Giasson and Haddad, 2006; Bas-
tos et al., 2011; Morais et al., 2012; Pereira and Maneyro,
2016; Oitaven et al., 2017).
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Our recaptures of marked calling males agree with
the literature and indicate some degree of site fidelity, but
they provide only minimal support (since recaptures were
very rare) for the hypothesis that males occupy the same
territories throughout the breeding season. Also, our
three recaptured calling males encompassed all of our size
classes (small, medium, and large), suggesting that en-
durance of calling males is not associated with body size
in D. sanborni, but it is also difficult to make any strong
statement about the relationship between endurance and
body size with few recaptures.

Our low recapture rate also suggests a high frequen-
cy of replacement of calling males throughout the rainy
season, thereby significantly changing the composition of
the chorus monthly. Given that our study was carried out
in a 90-m transect along a slow-flowing stream, and that
connections with other areas suitable for reproduction of
Dendropsophus sanborni are present, a high rate of male
replacement could be explained by migration and dis-
persion events, with the males that we sampled actually
representing a subpopulation of D. sanborni. According to
Pellet et al. (2007) and Wagner et al. (2011), superpopula-
tions may be common for anurans, with individuals mov-
ing among subpopulations. Migration, dispersion, and
time of permanence in each subpopulation are usually af-
fected by competition, availability of breeding resources,
and quality of microhabitats. Alternatively, our replace-
ment hypothesis is supported by the fact that males of
prolonged breeding anurans do not necessarily remain
reproductively active for an entire breeding season (Grafe
and Meuche, 2005; Castellano et al., 2009). Finally, other
ecological mechanisms such as predation might also have
acted as a selector of males, affecting the social structure
of D. sanborni (see Ryan et al., 1982; Benard, 2007).

It is well documented that body size is an important
trait for sexual selection and for defining territory (see
Robertson, 1986; Wells, 2010; Dittrich et al., 2018), but
our study did not show any spatial organization based
on this trait. Usually, larger males are more successful in
physical combat, and thus are more able to occupy bet-
ter locations during best periods of the breeding season
(Berec, 2017; Clause, 2017; Dias et al., 2017; Ospina-L.
et al., 2017). Endurance favors those who remain repro-
ductively active for longer periods of time and larger
males may also spend more time as components of breed-
ing choruses and, consequently, increase their reproduc-
tive successes (Halliday and Tejedo, 1995; Friedl and
Klump, 2005; Sullivan and Kwiatkowski, 2007; Castellano
etal., 2009; Keogh et al., 2012; Basto-Riascos et al., 2017;
Ospina-L. et al., 2017). de S4 et al. (2014) observed size-
organized temporal and spatial social structure for calling
males, along with breeding recruitment of younger males,
in Boana albopunctata (Spix, 1924) studied at the same
locality as the present study. These authors observed
that larger males of B. albopunctata initiated reproductive

activity when resources were still scarce and, as months
passed, larger males gradually ceased their activity, thus
providing space for smaller males to breed. Therefore, for
Dendropsophus sanborni we expected to observe that larg-
er males would occupy better positions in time and space
during the breeding season and would possess territories
for longer periods of time, engage in combat, and occupy
perches as calling sites mostly over the water and at inter-
mediate heights. We also expected some recruitment of
younger individuals towards the end of the breeding sea-
son. Together, these reproductive characteristics would
indicate strong territorial behavior among males with
size-driven advantages; however, we observed the oppo-
site in D. sanborni.

While our first hypothesis, that the seasonal dy-
namics of Dendropsophus sanborni are conditioned by
abiotic factors, was supported, our second hypothesis,
that calling males are organized spatially and temporally
based on body size, was unexpectedly refuted. We know
that social organization in anurans is, in general, depen-
dent on a combination of endogenous and exogenous
factors (Sullivan and Kwiatkowski, 2007; Lépez et al.,
2011; Llusia et al., 2013; Steen et al., 2013). For example,
McCaffery and Lips (2013) observed that the availabil-
ity of breeding sites for Espadarana prosoblepon (Boett-
ger, 1892) limited population abundance, whereas Kluge
(1981), studying reproductive resources in Boana rosen-
bergi (Boulenger, 1898), observed that population abun-
dance influenced male territorial behavior. Given these
findings, we believe that the non-size-determined spa-
tiotemporal structure and absence of strong territoriality
observed for calling males of D. sanborni in our study are
likely a consequence of the relatively small size of indi-
viduals of the species combined with the high abundance
of vegetation used as calling sites in the studied area. We
were most likely watching a scenario of low intrasexual
competition among calling males. Alternatively, studies
have indicated that for some lek-breeding anurans there
are no reproductive advantages for larger males and that
their reproductive strategies favor traits and behaviors
other than body size and physical combat (Kluge, 1981;
Gerhardt et al., 1987; Prohl, 2003; Smith and Roberts,
2003; Friedl and Klump, 2005; Martin et al., 2011; Ja-
cobs et al., 2016; Zhu et al., 2016). Therefore, we encour-
age future studies on D. sanborni to make more frequent
observations per month, and directly in the field, in order
to better understand the territoriality of calling males.
Such efforts should focus on better detecting frequencies
of physical combat, time spent by males in the chorus,
potential migrations and dispersions, as well as the re-
lationships between these behaviors and body size. Fur-
thermore, studies including neighboring subpopulations
might also help to better understand the relationship be-
tween spatiotemporal social organization and body size
of calling males of D. sanborni.
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