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Abstract. Pithecopus nordestinus is a small species of Phyllomedusidae that occurs in semi-arid zones, being the only one
of the genus that occurs in Caatinga areas. In order to understand the ecological and behavioral traits responsible for the
existence of the species in xeric environments we study a population of P. nordetinus of a Caatinga area in southwest Bahia,
Brazil. Males of P. nordestinus used preferably the vegetation (mainly Euphorbiaceae and Poaceae) inside semi-permanent
and temporary water bodies as calling sites. The dependence of aquatic environments, the arboreal habit, and reproduc-
tive mode may lead to these preferences, being that choice related to the species fitness in the semiarid region. The species
has elaborated courtship, including the use of visual signals, with females that inspect the oviposition site and split their
clutch (spatial partition), probably spawning in more than one occasion during the reproductive season (temporal parti-
tion). This set of behaviors points to a sophisticated control mechanism during egg laying and sperm release, as well as
the existence of a repertoire of complex reproductive behavioral displays related to the occupation of environments with
characteristics as peculiar as those of the Brazilian Northeastern semi-arid.
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Introduction

Natural history brings a multifaceted description of nature
and is a contemporary and critical science for the conser-
vation of the biodiversity (SCHMIDLY 2005). In addition to
inspiring theories, it provides crucial data for responses to
comprehensive problems in ecology, ethology, evolution
and conservation biology (GREENE 1986). Moreover, it fo-
ments hypotheses and assists in the projection of research-
es with awareness of the singularities of the organisms (Fu-
TUYMA 1998), guaranteeing data more consistent with the
complexity of nature (BARROWS et al. 2016).

In anurans, studies about natural history generally focus
on aspects of the geographic distribution of the organisms,
habitat use and intra and interspecific social interactions
(e.g., DOMENICO et al. 2014, JORGE et al. 2015, NUNES et al.
2015). This data set is, in most cases, important for the es-
tablishment of taxonomic relationships and, often helps in
understanding the mechanisms of segregation in the com-
munity (e.g. ZINA & HADDAD 2006a, b). However, within
the list of basic biological data available in the literature
about anuran, the description of behaviors is the most in-
sipient, especially regarding the description of reproduc-

tive behavior. Data on this nature are particularly impor-
tant in Anura, since the reproduction seems to be an im-
portant organizing force of populations and communities
(e.g. BECKER et al. 2007, LoyoLa et al. 2008).

One of the striking aspects of the reproductive behav-
ior of anurans, but still poorly understood for most of the
species, is the selection of oviposition sites (PEARMAN &
WILBUR 1990; REFSNIDER & JANZEN 2010), which may be
associated both with behavioral issues, such as types of re-
productive modes presented by the species and morphol-
ogy and physiology of its representatives (e.g. HADDAD
& PRADO 2005, SILVA & GIARETTA 2008, HADDAD et al.
2013). It is a choice made mostly by the females that, in
most part of the species, will do it after inspecting the envi-
ronment for suitable attributes and will enter in amplexus,
not necessarily in this order (e.g. Aplastodiscus spp.: ZINA
& HADDAD 20064, Pithecopus azureus (COPE, 1862): Dias
etal. 2014). The selection of the oviposition site can be also
indirect, through the selection of the male (see MARTINS
1988, ZINA & HADDAD 2007, LANTYER-SILVA et al. 2014).
This is common in the case of species in which the male
constructs nests and/or vocalizes in phytotelmata (e.g.
ZINA & HADDAD 2007, NALI et al. 2012).
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Besides the selection of the oviposition site, the very
description of the egg deposition behavior is not very
present in the literature. However, it brings interesting
biological information, both from the sexual selection
point of view and from the ecological view, which involves
aspects regarding the adaptation of a given species to its
environment and behavioral strategies aimed to maximize
the eggs fertilization (e.g. D1as et al. 2014, ZINA & HAD-
DAD 2007). The movements and displays used during the
courtship and eggs deposition, may also serve as an inter-
esting matrix for observing groups synapomorphies and
evolutionary convergences. Phyllomedusidae, for exam-
ple, employ similar strategies when using leaves as ovipo-
sition sites (HADDAD & PRADO 2005). Most species of the
family occupy humid forest environments, with few oc-
curring in semi-arid zones, such as Phyllomedusa bahia-
na and Pithecopus nordestinus (GARDA et al. 2017, FROST
2019).

Pithecopus nordestinus is the only specie of the genus
that occur in areas of Caatinga (CARAMASCHI 2006, FROST
2019). Similarly to other Phyllomedusidae its reproductive
mode (number 24, sensu HADDAD et al. 2013) is character-
ized by the oviposition in suspended leaves in lentic water
bodies and development of exotrophic tadpoles, which af-
ter hatching fall in the aquatic environment. In the present
study we aimed to describe the reproductive behavior of
the species, with emphasis on the use of the environment
and reproductive seasonality. These data may help to un-
derstand the biological and behavioral mechanisms that
enable the species to occupied xeric environments such as
the Caatinga.

Material and methods
Study area

The present study was carried out in water bodies located
in the Floresta Nacional Contendas do Sincora (FLONA)
(13°55°27.4”S; 41°06’57.6”0, 377 m), located in the munic-
ipality of Contendas do Sincora, southwest region of the
State of Bahia, Brazil. FLONA is located in a depression
area with small undulations in the relief, between 300 and
400 m of altitude, which contributes to the low relative hu-
midity of the air and high temperatures (IBAMA 2006),
which is aggravated by being inserted in a “rain shadow”
region, which results in low values of rainfall and absence
of water surplus, aggravating the typical aridity of the re-
gion (IBAMA 2006).

The climate of the region is of the BSh type (KO6pPEN
1936), characterized by being hot, dry and seasonal. Be-
tween the years of 2012 to 2016 the municipality of Con-
tendas do Sincora presented 517.03 mm of annual precipi-
tation, concentrated in few months of the year (November
to March). It also had high temperatures (annual average
of 24.9°C) and low relative air humidity (55.9%) (CPTEC/
INPE 2017, present study). The rainy period in the region
normally occurs from November to March, however there
are annual variations of this period.

Collection and data analysis

Between July 2012 and July 2013 we performed bi-monthly
surveys (July and September 2012 and May and July 2013)
and monthly surveys (from November 2012 to March 2013)
to obtain data on the seasonality, abundance of the indi-
viduals and reproductive characteristics of the males (vo-
calization season, weight and length of the testicles). Addi-
tionally, the characterization of the use of the environment
by the individuals of P. nordestinus (perch type and height
in relation to the soil), description of some of their repro-
ductive behaviors (spawning and courtship behavior) and
obtainment of data regarding the fecundity of the species
(weight of the oocytes (mature and immature) and number
of eggs in the spawning) were carried out from individ-
uals collected between December 2014 and January 2016.
Although we had collected different data at different mo-
ments, we believe that there were no difference in the use of
environment or in the behavioral repertory of the species
along the seasons since the structural of the ponds (size,
plant composition and distribution) did not differ between
the survey periods.

The campaigns had duration of three consecutive nights
during the rainy season and two consecutive nights dur-
ing the dry season, totaling 23 nocturnal field trips. During
these visits, we inspected two water bodies: one semi-per-
manent pond, called Pond 1 (P1) (13°55°18.6”S; 41°06’57.070)
(50.0 m maximum diameter and 1.5 m maximum depth,
measured in the rainy season), and a temporary pond,
called Pond 2 (P2) (13°55°20.3”S; 41°07°03”0) (30.0 m maxi-
mum diameter and 1.0 m maximum depth, measured in
the rainy season), both located in an open area, with the
presence of tree-shrub vegetation, closed shrub and herba-
ceous-shrub complex in the surroundings, in good conser-
vation condition. The water body that suffered a reduction
in its water volume until the complete dryness during the
dry season was considered temporary and the water body
that presented a drastic reduction in the water volume dur-
ing the dry season (reaching approximately 5% of its maxi-
mum volume) was considered semi-permanent.

In the vicinity of P1 (up to 2 m distance from the water)
herbaceous-shrub vegetation of the families Asteraceae,
Acanthaceae, Cyperaceae, Euphorbiaceae, Fabaceae, Hy-
droleaceae, Juncaceae, Malvaceae, Poaceae, Rubiaceae, Sal-
viniaceae, Sapindaceae, Solanaceae, and Verbenaceae are
equivalently distributed. While in the interior of P1, her-
baceous of the Cyperaceae family predominated, and her-
baceous of Asteraceae, Juncaceae, Poaceae, Fabaceae, and
Salviniaceae were in less quantity.

In the surroundings of P2 shrubs of the Verbenaceae
family predominated, followed by shrubs of the Cyperaceae
and Poaceae family, and to a lesser extent, herbaceous-shrub
vegetation of Alismataceae, Asteraceae, Commelinaceae,
Euphorbiaceae, Hydroleaceae, Lamiaceae, Malvaceae, Ver-
benaceae, and Oxalidaceae. Within the water body herba-
ceous of Alismataceae predominated and, to a lesser extent
Cyperaceae, Poaceae, Hydroleaceae, and Asteraceae. The
vegetation configuration between the ponds differs, with P1
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the environment with the highest vegetation density. These
water bodies are about 50 m apart from each other.

In order to collect the data, we used the visual and acous-
tic active search in breeding sites (HEYER et al. 1994). For
the behavioral observations we used focal animal method
(LEHNER 1996), with the aid of headlights with weak bat-
teries in order to reduce the amount of light emitted and,
consequently, a possible interference in the behavior of the
individuals observed. As soon as we finished each observa-
tion, we measured the SVL of each individual (snout-vent
length), with a pachymeter of 0.1 mm precision and then
returned the individuals to the place where they were cap-
tured. We totaled 66 h of observations of the behaviors in
the field and in laboratory.

We collected four couples in amplexus throughout the
study. These four couples were allocated in terrariums (di-
mension of 60 x 40 cm) to observe their displays during
oviposition. In the terrarium we placed, in a very similar
way to the registered in the field, the richness of plant spe-
cies present in the place where the couple had been col-
lected. After spawning, the males were returned to the col-
lection site. From the observation of one of these couples
we described the behavioral displays performed by the spe-
cies during the oviposition. 60 eggs from three of the four
spawning (20 eggs each one) obtained from these couples
were measured (maximum diameter) under an optical mi-
croscope with an ocular micrometer with o.1 pm precision.
From the ovate females we obtained the mass of their ova-
ries and oocytes (matures and immatures). We weighed
all the materials in an analytical balance with precision of
0.0001 g. We used the percentage of the mature ovarian
and testicular mass in relation to the body mass as measure
of the reproductive investment (RI). We used the propor-
tion of males and females registered by campaign to deter-
mine the operational sex ratio (OSR) of the species.

In the laboratory we sacrificed five males and five fe-
males with lidocaine 5%, they were fixed in formaldehyde
10%, conserved in alcohol 70% and listed in the zoologi-
cal collection of the Universidade Estadual do Sudoeste
da Bahia (UESB), campus of Jequié (MHNJCH-0475,
MHNJCH-o0476, MHNJCH-0514, MHNJCH-0796, MH-
NJCH-1005, MHN]JCH-1007, MHNJCH-1012, MH-
NJCH-1013, MHNJCH-1058, MHNJCH-1059).

In order to verify the possible correlation between the
abiotic variables and the activity of P. nordestinus, we per-
formed the Pearson correlation test between the air tem-
perature and abundance of males in reproductive activity.
The same test was applied between the abundance of males
and monthly-accumulated rainfall. The rainfall data were
obtained from the Proclima online platform (CPTEC/
INPE 2017). To verify if the position of the calling male
was altered given the density of competitors, we applied
the Pearson correlation test with the male angulation data
(estimated from soil or water). The same test was applied
between the leaf area and the number of eggs deposited in
the leaves, to verify the possible correlation between them.
The leaf area was verified in the software Image] (RUEDEN
et al. 2017).
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To verify the relationship between the males SVL and
the size of the testicles, as well as the SVL and testicular
mass, we carried out linear regression tests (ZAR 2010).
This same test was applied in a possible relationship be-
tween the body mass of the males with the mass and testi-
cular size. In the cases of tests with distinct magnitudes,
we logarithmized the values with log 10. We also used the
Mann Whitney test to verify the presence of sexual dimor-
phism in relation to SVL. The same test was used to com-
pare the perch height used by the males in P1 and Pa.

For all the statistical analyses we tested the normality of
the data and homogeneity of the variance in the software
Sigma Stat 3.5 (2006). We considered significant values of
P <0.05 (ZAR 2010).

Results

Males of Pithecopus nordestinus presented mean SVL of
3733 mm (SD = 2.98; range = 21.12-41.50 mm; N = 53) and
mass of 2.06 g (SD = 0.36; range = 1.64-2.50 g; N = 05). The
mean SVL of the females was 42.32 mm (SD = 2.98; range =
38.6-48.3 mm; N = 16). The mean mass of the ovated fe-
males was 3.91 g (SD = 0.58; range = 3.13—-4.5; N = 4). All
ovated females presented oocytes at different development
stages. The mass of these oocytes corresponded, on aver-
age, to 22% of the females mean weight (SD = 0.30; range =
21.43-22.1; N= 05), while the mean RI of the males is of 0.34%
(SD = 0.03; range = 0.31-0.38; N = 5). Pithecopus nordestinus
presents sexual dimorphism in size (t = 914.5; P <0.001).

The relationship between the SVL, testicular size, body
mass and testicular mass are summarized in Table 1.

Reproductive period and habitat use

We observed males of P. nordestinus in vocalization activity
both in months considered dry and in months considered
rainy (Fig. 1), although the greatest number of calling males
was recorded in the months of highest rainfall. We did not
observe correlation between the maximum number of call-
ing males and the monthly-accumulated rainfall (r = 0.278;
P = 0.342) (Fig. 1). Nevertheless, this metric was positive-
ly correlated with the monthly mean air temperature (r =
0.648; P = 0.029) (Fig. 1). The peak of vocalization activity
of the species occurred between 20:00 and 21:30 h, and at
the end of the dawn, shortly before the daybreak, it was
still possible to hear males of P. nordestinus in vocalization
activity, especially during the rainy season. The maximum
number of males in vocalization activity varied from 1 to
16. P1 was the environment in which we observed the high-
est number of males in vocalization activity (N = 16).

Both in P1and in P2, the most used environment by the
calling males was the vegetation present in the interior of
the water body (54.3%; N = 19 and 92.9%; N = 26, respec-
tively). Secondly, the calling males in P1 and P2 preferred
the vegetation around the water body (45.7%, N = 16 e 7.1%;
N =2, respectively). The main vegetation used within P1 as
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Table 1. Pearson’s correlation of the body mass of the males in re-
lation to the mass and testicular size and SVL (snout vent length)
of the males in relation to the mass and testicular size Pithecopus
nordestinus. We considered significant values of P <0.05. Data
from Contendas do Sincord National Forest (FLONA), munici-
pality of Contendas do Sincord, State of Bahia, registered in the
years of 2012 to 2013.

Testicles Males
Mass Mass Size
Mass - r?= 0.980; r’=0.231;
P=0.001 P=0.413
Size r’= 0.346; r’= 0.452; r’= 0.459;
P=0.163 P=0.238 P=0.049

vocalization site, were the species of Euphorbiaceae (Cro-
ton sp.1 and Croton sp. 2) (42.1%), while in P2, the pre-
ferred were the herbaceous of Poaceae (76.9%). Second-
ly, the most used herbaceous within P1 was Hydroleaceae
(Hydrolea spinosa) (31.6%), and within P2 herbaceous of
Hydroleaceae (Hydrolea spinosa), Verbenaceae and Alis-
mataceae (Limnocharis flava) (23.1%).

The mean height of the perches used by the calling
males in P1 was 40.3 cm (SD = 47.8 cm; range = 0-140 cm;
N = 35). In P2 the calling males perched at a mean height
of 16.6 cm (SD = 14.0 cm; range = 5-50 cm; N = 28). We
did not verify significant difference between the heights of
the perches used by the calling males in both ponds (t =
820.0; P= 0.29). In the same way, there was no correlation
between the number of calling males and their angulation
on the perches in relation to the water or soil, both in P1
(r =-0.995; P = 0.07) and in P2 (r = 0.0307; P = 0.97). The
operational sex ratio of P. nordestinus is aimed at the male,
whose number is superior to the females throughout the
study. The mean operational sex ratio for the species was
0.37 (SD = o.17; range = 0.29-0.57; N = 3) in P1 and 0.24
(SD = 0.10; range = 0.14-0.36; N = 4) in Pa2.

Calling males
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Figure 1. Number of calling males observed per campaign in
the ponds and monthly accumulated rainfall (mm) registered in
the Contendas do Sincora National Forest (FLONA), during the
months of July 2012 to July 2013, municipality of Contendas do
Sincord, State of Bahia.

Note about the courtship

We only saw one courtship, which was interrupted and,
therefore, did not culminate in amplexus. At the moment
we started our observations the female was already close to
the male (approximately 8 cm apart from each other) on
a separate leaf of the same plant. The female had its head
facing the male, which in its turn had the posterior region
laterally facing the female (Fig. 2). In this position the male
performed movements of foot flagging (sensu HODL &
AMEZQUITA 2001) slightly modified (pedaling) (Fig. 2A).

Oviposition behavior and spawning characteristics

Throughout the study we collected four couples in amplex-
us and took them to the laboratory. Only one couple was
observed in oviposition process, summarized in the steps
described below.

1. During the amplexus, of the cephalic type, the male
remained with the gular region on the cephalic region of
the female. We observed that the male tapped slightly with
the gular region on the female’s head. While the male held
the female, its legs remained parallel to the female’s legs
(Figure 2B); 2. During the amplexus, we observed the fe-
male touching some leaves of the terrarium (Fig. 2C), ap-
parently inspecting them. Throughout this process, the
male remained in amplexus at the same position described
in 1. This event was also observed in two other couples in
the field; 3. After the election of the oviposition site, the fe-
male started what we will call the “leaf preparation” proc-
ess (Fig. 2D), event in which the female was responsible
for the deposition of gelatinous capsules, without oocytes,
from the apex of the leaf until approximately % of the leaf
length. For this, the female slightly projected its body for-
ward, contracting it and opening the legs, always holding
firmly the selected leaf with the feet. At the beginning of
this process, the male moved partially, still maintaining the
arms around the female’s head, but with the legs in an adja-
cent leaf of the same plant, remaining in this position until
the preparation was finished (Fig. 2D); 4. After the depo-
sition of the gelatinous material, the male returned to the
position on the back of the female to initiate the eggs depo-
sition at % height of the leaf (Fig. 2E); 5. During the ovipo-
sition, we observed the couple performing the same body
contraction movements exhibited by the female in the dep-
osition of the gelatinous capsules (described in 3) (Fig. 2E
and F). During the whole process the male remained with
the legs parallel to the female’s legs and the feet rested on
the female’s feet; 6. The eggs were oviposited along the cen-
tral vein of the leaf. Concomitantly, the couple, clinging
with their feet on the leaf, performed the process of clos-
ing it (Fig. 2F), pressing the leaf with the fingers and toes.
This process, herein denominated the spawning cycle, was
repeated in another leaf, with 41 eggs deposited in the first
leat and 58 eggs in the second. The leaves presented simi-
lar measures (1** leaf: 53.7 mm long by 25.2 mm maximum
width; 2™ leaf: 54.4 mm by 26.6 mm maximum width);
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7. After completely finished the eggs deposition, the male
undid the amplexus. No signs were emitted by the couple
that indicated the end of the oviposition process, which
lasted approximately 44 min. Only one of the four couples
was observed splitting its clutch (ovipositing in more than
one leaf in the same amplexus/oviposition process).

The spawning of P. nordestinus consists of a gelatinous
mass with a mean of 123.75 (SD = 27.29, range = 99-157;
N = o4) depigmented eggs of 3.66 mm of mean diame-
ter (SD = 0.46 mm; range = 4.52-2.80 mm; N = 60). The
leaves listed as spawning sites by the couples had 177.2 mm
in area (SD = 108.5 mm; N =o05) and belonged to the spe-
cies Hydrolea spinosa (Hydroleaceae) (split spawning) and
Stachytarpheta sp. (Verbenaceae), Croton sp. 1 and Croton
sp. 2 (Euphorbiaceae). The spawning of the species consists
of a fertilized eggs, apparently unfertilized eggs and gelati-
nous capsules. About 70% of the eggs oviposited in these
leaves were fertilized. The fertilized eggs are arranged from
the region near the petiole to a little more than half of the

A

central region of the leaf. The unfertilized eggs were clus-
tered in the apical region of the leaf. The eggs (fertilized
eggs and unfertilized eggs) occupied about 75% of the leaf
area. Here we found a positive correlation between the leaf
area and the number of eggs deposited in the leaves (r =
0.978; P = 0.021). After they laid their eggs some of the eggs
of different size remained in the ovaries of the females.

Discussion

Pithecopus nordestinus presented sexual dimorphism in
size, females being larger than males, a very common at-
tribute in all the Anura group. We also observed that the
reproductive investment of the females of this species is
very high, whereas the males are relatively low. The high
RI observed herein, seems to be characteristic of females
of Phyllomedusidae (e.g. Pithecopus azureus (RI = 29.1%)
(RODRIGUES et al. 2007), Phyllomedusa sauvagii BOULEN-

o
~2

Figure 2. Reproductive behavior of Pithecopus nordestinus during the courtship (A) and oviposition (B-F) registered in the Conten-
das do Sincora National Forest (FLONA), municipality of Contendas do Sincor4, State of Bahia between the years of 2014 and 2016.
A) Courtship of P. nordestinus with visual signal (foot flagging); B) Male holding the female by the head, with its legs parallel to the
female’s legs; C) Female groping some leaves of the terrarium during the amplexus, apparently inspecting them; D) Female during
the process of “leaf preparation”, depositing gelatinous capsules at the edge of the leaf, with the male in amplexus, partially displaced;
E) Oviposition process along the central vein of the leaf, with the male positioned in the back of the female; F) Couple clinging with
the feet on the leaf, performing the process of closing it.
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GER, 1882 (RI = 21.1%) (RODRIGUES et al. 2007) and P. hypo-
chondrialis (DAUDIN, 1800) (RI = 16.2%) (PRADO & HAD-
DAD 2005)) and females of species that belongs to other
families of anuran that live in seasonal environments (e.g.
Leptodactylus chaquensis CE1, 1950 (RI = 16%) (PRADO &
HADDAD 2005), Physalaemus albonotatus STEINDACHNER,
1864 (RI =16.6%) (PRADO & HADDAD 2005), Elachistocleis
bicolor (GUERIN-MENEVILLE, 1838) (RI = 18.0%) (PRADO &
HADDAD 2005) and Bokermannohyla ibitiguara (CARDOSO,
1983) (RI = 20.26%) (NALI & PRADO 2012)). If we consider
that the reproductive success is unpredictable in any envi-
ronment, but is especially uncertain in xeric environments,
the maximization of the RI becomes a useful strategy for
species that inhabit semi-arid environments. In the case of
P. nordestinus, the RI maximization associated to the re-
productive mode should favor the survival of the offspring
in the Caatinga, thus increasing the reproductive fitness of
the species in this xeric environment. Unlike the females,
the males of the species presented low reproductive invest-
ment. The low reproductive investment of the males of
P. nordestinus in relation to some species of anurans (e.g.
Kusano et al. 1991, PRADO & HADDAD 2003) is probably
due to the interaction of females with only one male during
the complex courtship, eggs deposition in hidden places,
as well as the occurrence of aggressive calls and physical
combats, which reduces the opportunities for multi-males
spawning and spermatic competition (see NALI & PRADO
2012, BORGES et al. 2018). This pattern of low reproductive
investment in gonads seems to be widespread among sev-
eral species of anurans with similar reproductive charac-
teristics (e.g. NALI & PRADO 2012, BORGEs et al. 2018).

The lack of correlation between the body size and tes-
ticle weight of the males, may mean that small males
with large testis are composing the reproductive chorus.
The early recruitment of these males of smaller body size
and supposedly younger, may be an advantage for the oc-
cupation of seasonal and xeric environments such as the
Caatinga, since favorable periods for the reproduction are
limited and their duration are uncertain (see SINSCH et al.
2010, SINSCH & DEHLING 2017, SZEKELY et al. 2018). The
positive relationship between the males’ body size and tes-
ticular mass may be resultant from influence of gonadal
hormones in the determination of secondary character-
istics (e.g. muscle mass) which, therefore would increase
the weight. Having more muscular mass, for example, can
improve the male’s fitness during a melee dispute, since
the thickness of the forearm for the displacement of other
males can be advantageous (e.g. HOWARD & KLUGE 1985).

Reproductive period and habitat use

Although the activity pattern of this species follows the
seasonality of the Caatinga (reproduction in the rainy sea-
son), the lack of correlation with the rainfall is probably
due to the absence of reproductive activity of P. nordestinus
immediately after the first rains of the rainy season. This
absence of activity is possibly due to, after a long drought

period, the first rains only percolate the soil without form-
ing floods adequate to be used as vocalization sites and
that serve for the development of aquatic larvae. The posi-
tive correlation of the species activity with air temperature,
even with a small variation during the year (mean varia-
tion of 10°C) (personal data), may be the result of the rela-
tionship between the period of highest rainfall (rainy sea-
son) and highest temperatures of the year. That is, even that
statistically the rainfall rate does not present a direct in-
fluence in the population dynamics of the species due to
particular morphoclimatic issues, it is determinant in the
configuration of the spaces used by the species such as, vo-
calization and oviposition sites (i.e. water availability (pres-
ence of water body), hydroperiod (influenced by the depth
and configuration of the water body), presence, structures
and diversity of the vegetation) (e.g. SILvA & GIARETTA
2008, VIEIRA et al. 2008, CALDAS et al. 2016). Moreover,
the own structure of the population is influenced by bio-
logical factors (e.g. reproductive mode and reproductive
pattern) typical of the species, which, in turn, also suffer
the influence of the climatic factors described above. This
is a cyclic process that, in the case of Caatinga, character-
istically varies year by year due to the annual variation of
the drought period and rainfall rate. In addition, each sto-
chastic perturbation of these factors may have consequenc-
es for the others (see ARZABE 1999, PROTAZIO et al. 2014,
CALDAS et al. 2016).

CaLrpasetal. (2016) studying a population of P. nordesti-
nus in a Caatinga area verified a significant correlation be-
tween the number of calling males and the rainfall and air
temperature. The area in which the author conducted their
study is in the same ecoregion as the FLONA Contendas
do Sincord (see VELLOSO et al. 2002), and would have, in
theory, similar ecological features. However, FLONA Con-
tendas do Sincor4 is located in an area of rain shadow (see
IBAMA 2006), and therefore is subject of more intense
and prolonged drought. Besides the rain period in Caatin-
ga may be extremely variable throughout the year and over
its geographical distribution. Therefore, each region and
environment may present a climate particularity that influ-
ences the strategies adopted by the species.

P1, environment with greater diameter and depth, long-
er hydroperiod and denser vegetation configuration, both
inside and around the pond, was the environment most
chosen by the males as vocalization site. The species used
preferably low perch in the interior of the water body. Ap-
parently, for P. nordestinus, the characteristics of the mac-
ro environment (type of water body and hydroperiod) and
micro environments (structure and diversity of the vegeta-
tion, inside or around the water body) used by the species
as sites of vocalization and oviposition, seem to be deter-
minant factors in the choice of reproductive sites by the
species. The set of traits related to the biology of the spe-
cies (i.e. humidity dependency, arboreous habit, morpho-
physiological and reproductive mode) may be the guide of
this choice, been that election crucial for the fitness of the
species in the Caatinga, a strongly seasonal environment
(see CruUZ 1982, FREITAS et al. 2008, CALDAS et al. 2016).
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The oviposition in a longer lasting environment and in the
portion less susceptible of water/humidity loss decreases
the probability of egg desiccation and increases the prob-
ability of tadpoles’ survival. The use of these characteristics
to choose the reproductive sites was already observed for
other species in Caatinga environments (see VIEIRA et al.
2008) and seems to be related the time for the development
of the tadpoles until their metamorphosis.

For P. nordestinus, the females seem to be the determin-
ing agent in the choice of the oviposition site, as observed
for other species of anurans (see Engystomops pustulosus
(CorE, 1864) (RYAN 1983), Dryophytes chrysoscelis (COPE,
1880) (RESETARITS JR. & WILBUR 1989), Phyllomedusa sau-
vagii (GARCIA et al. 2013). Nonetheless, although males do
not choose the oviposition sites per si, they have notori-
ously vocalized in an environment where there is a hall
of suitable plants to be listed by the females as oviposi-
tion site. The vegetation used as vocalization site present
striking characteristics such as the presence of trichomes
and rugosities, and P. nordestinus, has deposited its eggs
mainly in those with trichomes. The behavior of laying
eggs on leaves with trichomes was previously viewed for
P. nordestinus (see CALDAS et al. 2016) in area of Caatinga
and seems to be widely diffused in the genus Pithecopus,
as observed in P. rohdei (MERTENS, 1926) (WOGEL et al.
2005), P. azurea (RODRIGUES et al. 2007, D1as et al. 2014),
and P. ayeaye LuTz, 1966 (DE OLIVEIRA 2017, BORGES et
al. 2018). Foliar cover seems to be essential for the surviv-
al of the Phyllomedusidae spawns during their embryon-
ic development outside the water (ABRUNHOsA & WOGEL
2004). Trichomes and leaf spines can aid the fixation of the
spawning, providing insulation by air retention, and pro-
tection and maintenance of the moisture for the eggs and
embryos (D1as et al. 2014). We suggest the same relation-
ship to the rugosities present in the leaves. Thus, the use
of plants with trichomes, as reported in this study, may be
associated to the selection of an environment of high qual-
ity (e.g. vegetation with trichomes inside the water body)
for the development of the spawning and maintenance of
the ideal conditions for the reproduction in the Caatinga.
Trichomes, together with caducifolia, microfilia and spines
are known morphological adaptation of plants to xeric
conditions (PRADO 2003), but only trichomes represent to
be an advantage for P. nordestinus eggs development. That
implies that in a hall of many plants with morphological
characteristics unsuitable for reproduction propose males
of P. nordestinus must select an ideal site for calling.

Pithecopus nordestinus presents a characteristic typical
of species of prolonged breeding, such as: territorial males
and OSR directed towards the males (e.g. WELLS 1977). The
degree of competitions between males and the opportuni-
ty for partner selection by the females are strongly influ-
enced by this pattern of reproduction (WELLS 2007). These
patterns, in turn, will influence the force of the selection
of important traits for the reproduction, such as territo-
riality of males, spawning size and investment in gonads
(PRADO & HADDAD 2005). CALDAS et al. (2016) studying
P, nordestinus in Caatinga area classified the species as ex-
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plosive breeder (sensu WELLS 1977) and a population of
the same species from an Atlantic forest area as prolonged
breeder, indicating that the species may adjust its repro-
ductive period according to the biome in which it is found.
We believe that the species may performed behavioral and
ecological adjustments according to local climatic condi-
tions. That plasticity goes beyond the biome type.

Courtship

Males of P. nordestinus perform foot flagging during the
courtship. According to HOLD & AMEzQUITA (2001), dur-
ing this display the individuals “Raise one or both hind
legs, extending it/them slowly out and back in an arc above
the substrate level, and returning it/them to the body side”,
there are many peculiarities in its execution, related to the
presence and coloration contrasting of the digits, degree of
extension of the limbs and, if the movement is performed
with one or more limbs. In the case of P. nordestinus we ob-
served that the movements of the legs describe a 360° arc as
a pedaling, not extending the whole leg or digits during the
movement, as observed for other species of anurans (see
HOLD & AMEZQUITA 2001, DE SA et al. 2016). Foot flagging
has also been observed for other species of Phyllomedusi-
dae, but in distinct contexts, as territorial sign between
co-specifics (Phyllomedusa boliviana BOULENGER, 1902
(JANSEN & KOHLER 2008), Phyllomedusa sauvagii (HALLOY
& EspINOZA 2000)) and attraction of preys (Phyllomedusa
burmeisteri BOULENGER, 1882 (BERTOLUCI 2002)), this be-
ing the first time that it is described in a courtship con-
text. Likewise, this is the first description of the visual sig-
nal for the genus Pithecopus. Foot flagging may be an “out
of context” activity either in a courtship or in the territo-
rial and foraging context. As cannot determined the phy-
logenetic origin of this behavior we cannot go further the
merely description of the behavior and its context. How-
ever, we recommend the use of this trait as a phylogenet-
ic signal to explain the taxonomic relationship among the
phyllomedusids.

Foot flagging of P. nordestinus can facilitate the location
of males by the females at short distances (attract the fe-
male when entering its territory), without calling the at-
tention of co-specifics about the presence of the female.
Moreover, the presence of contrasting coloration on the
occult parts of the thigh may potentiate the signal emis-
sion, acting as sensory exploitation that, indirectly, may in-
dicate the physical condition of the male. The foot flagging
itself can add information about the male beyond those
(e.g. size) already get by the female. That is, while dorsal
coloration acts as camouflage for predators, the contrast-
ing pattern of areas poorly exposed or exposed during the
movement (e.g. belly, flanks and inner part of the thigh)
may serve to transmit intra-specific cues, especially dur-
ing visual exhibitions (e.g. postures and movements of the
body and head), commonly related to subordination, ter-
ritoriality and stimulation of the female during the intra-
specific interactions (see HODL & AMEZQUITA 2001, DE
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SA et al. 2016). Foot flagging movements observed in the
present study are probably a way for the male to evidence
to the female the bright and contrasting colors of the or-
ange with black stripes present on its flanks and inner part
of its thighs. One of the examples of visual exhibitions in-
volving movements in association with colors, visible due
to the movements [for more examples and information see
Brachycephalus ephippium (SPIX, 1824) (POMBAL JRr. et al.
1994), Atelopus zeteki DUNN, 1933 (LINDQUIST & HETHER-
INGTON 1998), Hylodes japi DE SA et al., 2015 (DE SA et al.
2016)].

The hypothesis already proposed to explain the evolu-
tion of the visual displays in anurans concerns overcoming
environmental noises (HODL & AMEZQUITA 2001), being
more common in diurnal species. Nonetheless, the selec-
tive pressures that lead to the evolution of the visual com-
munication in nocturnal anurans are more difficult to un-
derstand. Albeit we cannot foreclose the environmental
noise hypothesis, considering that there are vocalizations
of other species of anurans (biological noise) that also take
advantage of the short period favorable to the reproduc-
tion in the Caatinga, other hypothesis can be raised regard-
ing the evolution of visual signals. Visual signal may have
evolved both in the territorial context (in order to avoid
physical combat between males, ensuring the maintenance
of spacing between them) and in the context of partner se-
lection (to ensure well positioned leaves or facilitate the lo-
calization of males by the females) (see HARTMANN et al.
2005, JANSEN & KOHLER 2008, DE SA et al. 2016, PRESENT
sTUDY). Therefore, in nocturnal anurans, visual signals
may potentiate, by adding a signal of a non-sound nature,
the accuracy of the receptor’s evaluation on aspects of the
signaling’s condition (e.g., potential fighting condition,
motivational or health state of the individual) (see JoHN-
STONE 1996).

In addition to the visual stimuli during the courtship,
we also noticed throughout the amplexus a series of tactile
stimuli of the gular region of the male on the head of the
females. The type and extension of the information that is
passed on and collected through the physical contact is still
unknown in Anura. One possible explanation for the tac-
tile stimulus in P. nordestinus is a possible chemical com-
munication. However, our data do not support greater in-
ferences. We suggest that futures studies verify the exist-
ence of a secondary sex characteristic in the males: the sex-
ually dimorphic skin glands (SDSG), described for some
species of anurans (see BRUNETTI et al. 2015).

Oviposition behavior and spawning characteristics

The behavior of ovipositing in more than one leaf in
the same amplexus/oviposition process, characterizes
P, nordestinus as a species that splits its clutch. The report
of split spawning in the same reproductive event is relative-
ly uncommon in anurans (e.g. Ololygon spp. ALVES-SILVA
& SILVA 2009), and this is the first report in Phylomedusi-
dae. This reproductive characteristic may be related to the

capacity of physiological control of the amount of eggs de-
posited subsequently by the females in the spawning sites
and ability of the males in controlling the sperm release,
so that they are able to perform fertilizations of each one
of the shares (ALVES-SILVA & SILVA 2009). Clutch split-
ting also may be related to the reproductive mode of the
species and/or the characteristics of the oviposition sites
available in the environment (e.g. size of the leaves suitable
for oviposition that are available in the water body). Since
the most adequate leaves listed as oviposition sites are fre-
quently small, and the spawning of P. nordestinus occupies
a significant portion of the foliar area, the capacity of divid-
ing the spawning is especially advantageous, particularly if
we consider xeric environments, since it can contribute to
minimize the loss of eggs by desiccation. Additionally, ge-
latinous capsules around the fertilized eggs, characteristic
common to all the species of Phyllomedusidae, can pro-
vide moisture for the spawning during the embryos devel-
opment (PYBURN 1980, DUELLMAN & TRUEB 1994) while
it helps in the closure of the leaves. Besides the dissection
advantage, splitting clutch may also be related to the dilu-
tion effect of predation (e.g., NECKEL OLIVEIRA & WACH-
LEVSKI 2004).

CaLDAs et al. (2016) did not observed splitting clutch
behavior for P. nordestinus, however they observed a sig-
nificant difference between the maximum number of eggs
laid by P. nordestinus from Caatinga (130 eggs) when com-
pared to populations from an Atlantic forest area (100
eggs). Those values are in accordance to what we observed
in the present study (157 eggs). According to CALDAS et
al (2016), the population of Caatinga adopted the strate-
gies of “putting all its eggs in one basket” by laying a big-
ger number of eggs when compared to the Atlantic forest
population. As we observed here, the strategies may goes
beyond the number of eggs, and the species may choose
between lay the eggs in one leaf or splitting it in two. CAL-
DAs et al. (2016) also observed a great range in the values of
eggs laid in the Caatinga population; from (22 to 130), we
believe that, although not mentioned by the authors, they
may had collected splitting clutches as well. This plasticity
associated to the oviposition behavior, as observed for the
temporal pattern of reproductive season of P. nordestinus,
may be success key for the occupation of xeric environ-
ments by the species.

In Anura, the oviposition frequency of each female per
reproductive season is dependent on a combination of the
ovulation pattern of the female and the local climate (Tsujt
& LUE 2000). In tropical regions it is possible to find fe-
males with multiple spawns (ovules that mature asynchro-
nously) given the favorable conditions to the reproduction
for a long period of the year (see Tsuj1 & LUE 2000). The
presence of a large amount of oocytes in several devel-
opment stages in the ovary of the females of P nordesti-
nus points to the hypothesis of multiple spawns along the
same reproductive season, as proposed by VAIRA (2001)
for Phyllomedusa boliviana. Multiple spawns occurred typ-
ically in species of prolonged breeding season (see WELLS
1976, KLUGE 1981, PERRILL & DANIEL 1983, Tsujr & LUE
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2000), and it was reported a maximum frequency of nine
spawns in the same reproductive season (in a period of 81
days), with at least three days of interval between the am-
plexus with the same female (Limnonectes kuhlii: Tsuj1 &
LUE 2000). However, reports of such high values of mul-
tiple spawns are unusual, being this the only case in field
observations. Usually the females spawn two or three times
per reproductive season, with mean interval of 15 days (see
KLUGE 1981, PERRILL & DANIEL 1983, TsUJI & LUE 2000).
The opportunity to spawn more than one time in a sin-
gle breeding season may be one of the main adaptive ad-
vantages of a prolonged reproductive season (WELLS 1976)
in xeric environments, where the hydroperiod is normally
very short. In this case, the advantages for the females of
P, nordestinus presenting multiple spawning per reproduc-
tive season are: 1. Increase its reproductive success increas-
ing the genetic variability of offspring and their chance of
survival; 2. Reduce the impact of predation, unpredictable
environmental conditions and competition for food re-
sources between the offspring (see TsujI & LUE 2000).

The set of information available here about the repro-
ductive biology of P nordestinus may serve as basis for
more detailed analyses of the reproductive strategies of an-
urans, as well as to study the allocation of energy resources
for the reproduction and different environmental scenari-
os, in order to evidence patterns closer to the nature com-
plexity. Further, the data provided in this study exemplifies
how little we know about the biology of relatively common
and well-distributed species of anurans, with higher deficit
in those that inhabit seasonal and semi-arid environments.
Prestonian deficit (see CARDOSO et al. 2011), which is the
lack of knowledge on the abundance of species and dy-
namics in space and time, unfortunately is very common
among the species of anuran and result in a loss of funda-
mental information to elucidate ecological issues (HORTAL
et al. 2014) (e.g. how a certain community was formed, or-
ganized and how it is currently structured) or propose con-
servation actions.
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