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Site fidelity, reproductive behavior and investment
in the Brazilian Reticulate Leaf Frog,
Pithecopus ayeaye Lutz, 1966

(Anura: Phyllomedusidae)

Ortstreue, Fortpflanzungsverhalten und -aufwand bei Pithecopus ayeaye LuTzZ, 1966
(Anura: Phyllomedusidae)
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KURZFASSUNG

Die Untersuchung zur Fortpflanzungsbiologie einer Population von Pithecopus ayeaye Lutz, 1966, einem fiir
den siidostbrasilianischen Cerrado typischen Laubfrosch, erfolgte in Exkursionen, die in den Monaten der Regenzeit
der Jahre 2013/2014 durchgefiihrt wurden. Von 41 gefangenen Ménnchen wurden 14 im Abstand von 13 Monaten
ein- bis viermal wiedergefangen. Einige Wiederfange erfolgten nahe (< 2 m) dem urspriinglichen Rufstandort. Die
KorpergroBien der nur einmal gefangenen Ménnchen und jene von Wiederfangen waren dhnlich, was nahelegt, daf
die Teilnahme am Rufgeschehen und die Rufplatztreue nicht von deren Korpergrofe abhingen. Jedenfalls riefen die
Miénnchen meist von oder nahe bei Leandra - Biischen, und alle erfafiten Gelege befanden sich in gefalteten Blattern
dieser Pflanze, welche Trichome tragen, die zur Befestigung der Eier und dem Schutz der Embryonen bis zum
Schlupf dienen kénnten. So kann die Anwesenheit eines Méannchens an und seine Ortstreue zu einer bestimmten
Stelle einen Eiablageplatz von hoher Giite bezeichnen, was die Wahrscheinlichkeit der Partnerwahl durch ein Weib-
chen erhoht. Der Fortpflanzungsaufwand ausgedriickt als Gonadosomatischer Index von Méannchen (0.35 + 0.05 %;
N = 14) und Weibchen (4.25 £ 0.35 %; N = 3) war allgemein geringer als bei anderen Phyllomedusenarten. Das
kann erklart werden mit (1) einer hoheren Lebensdauer von P. ayeaye, aus der sich mehr Laichgelegenheiten fiir
Weibchen ergeben, und (2) dem Vorkommen von aggressiven Rufen und physischen Kampfen, welche die
Gelegenheit fiir die Besamung durch mehrere Méannchen und Spermienwettbewerb verringert.

ABSTRACT

In this study, the authors describe the reproductive biology of a population of Pithecopus ayeaye Lutz,
1966, a leaf-frog typical of the Cerrado of southeastern Brazil. Field expeditions were conducted monthly during
the rainy season of 2013/2014. From 41 males captured, fourteen were recaptured from one to four times, up to
13 months apart. Some recaptures occurred close to the original calling site (< 2 m). The body size of males cap-
tured just once, and that of recaptured males were similar, suggesting that male chorus attendance and calling site
fidelity are not influenced by male body size. However, males called mainly from or close to shrubs of Leandra
sp., and all clutches were found inside folded leaves of this plant, which contain trichomes that could assist in fix-
ing the eggs and protecting embryos until hatching. Thus, male attendance and fidelity to such locations may rep-
resent a high-quality oviposition site, increasing the likelihood of female choice. The reproductive investment of
males (0.35 + 0.05 %; N = 14) and females (4.25 + 0.35 %; N = 3) was in general lower than that of other phyllo-
medusid species. This could be explained by (1) a comparatively long lifespan of P. ayeaye, which could repre-
sent more breeding opportunities for females; and (2) the occurrence of aggressive calls and physical combats,
which could decrease the opportunities for multi-male spawning and sperm competition.

KEY WORDS

Amphibia: Anura: Phyllomedusidae; Pithecopus ayeaye, reproduction, behavior, reproductive investment,
site fidelity, natural history, Cerrado, Brazil

INTRODUCTION

The greatest anuran richness in the male traits, such as body size, territorial
world is found in Brazil, with 1,039 described  behavior, fidelity to calling sites, persist-
species (SEGALLA et al. 2016). Nevertheless, ence in calling activity, as well as gonadal
the natural history of most species remains  investment, all are related to the variation in
unknown (e.g., RODRIGUES et al. 2007; reproductive success and survival due to
OLIVEIRA et al. 2011). With regard to anuran  corresponding variation in the degree of
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exposure to predators (e.g., WELLS 1977a,
1979; ROITHMAIR 1992; PRADO & HADDAD
2003). Specifically considering chorus
attendance and site fidelity, studies that ana-
lyze data from Brazilian anuran mark and
recapture studies in their breeding territories
are rare (e.g., OLIVEIRA et al. 2011), thus
leaving the relationship between reproduc-
tive strategies and reproductive investment
and success largely unknown.

The genus Pithecopus COPE, 1866
(family Phyllomedusidae) is composed by
eleven species, formerly classified as the
Phyllomedusa hypochondrialis species
group (CARAMASCHI 2006; FAIVOVICH et al.
2010; DUELLMAN et al. 2016; FrosT 2018).
The Reticulate Leaf Frog, Pithecopus
ayeaye Lutz, 1966, was previously consid-
ered to be restricted to its type-locality in
Morro do Ferro (21°48’ S, 46°35° W, 1400-
1540 m a. s. 1.), municipality of Pogos de
Caldas, Minas Gerais, southeastern Brazil
(ARrAUIO et al. 2007); however, further stud-
ies showed a broader distribution with new
records of this species within Conservation
Units (ARAUJO et al. 2007; GIOVANELLI et al.
2008; BAETA et al. 2009; NALI et al. 2015).

Although the authors have information
about the reproductive biology of many
species from this family (e.g., WOGEL et al.
2005; Costa et al. 2010; OLIVEIRA et al.
2011), this is not the case for P. ayeaye (NALI
et al. 2015). This species shows a complex
genetic structure, comprising at least three
separate Evolutionarily Significant Units
(ESU) (MAGALHAES et al. 2017); aspects of
its natural history were uncovered for only
one of them (OLIVEIRA 2017). Research on
the different ESUs, including their reproduc-
tive investment and behavior, are mandatory
to assess the conservation status of P. ayeaye
(MAGALHAES et al. 2017), which is still clas-
sified as Critically Endangered by the [TUCN,
likely due to lack of data (CARAMASCHI et al.
2016).

In the present study the authors inves-
tigated male chorus attendance and calling
site fidelity, as well as reproductive traits
and habitat use in a population of P. ayeaye
belonging to the “Canastra® ESU (MAGAL-
HAES et al. 2017). Thus, the present results
are both complementary at the species level,
and novel at the ESU level.

MATERIALS AND METHODS

The population studied inhabited a
temporary stream in the municipality of
Sacramento, Minas Gerais State, southeast-
ern Brazil (20°13°10” S, 47°06°21” W, 880
m a. s. 1.), located within the Brazilian Cer-
rado, a savanna formation with a rainy sea-
son from October to March (QUEIROLO &
MoTTA-JUNIOR 2007). The authors sampled
about 75 meters along the stream, totaling
ca. 270 person-hours of direct observations
that occurred approximately from 18:00 to
01:00 h, two to four nights per month, dur-
ing the reproductive season of P ayeaye
(October 2013 to February 2014), and addi-
tionally in December 2014. Eight individu-
als collected from the same locality during
the reproductive season of 2010/2011 were
used to quantify the morphological and re-
productive traits as described in detail be-
low.

At each visit to the study site, the
authors characterized the microhabitats
where females were found, the microhabi-

tats used as calling sites by males and
oviposition sites according to the type of
substrate. Females and calling males were
manually captured and body mass and
snout-vent length (SVL) were measured in
the field with a spring balance (accuracy:
0.1 g) and an analogical caliper (accuracy:
0.05 mm). The frogs were then photo-
graphed with a digital camera for subse-
quent individual recognition by natural
color pattern marks present on their legs and
flanks (Fig. 1). To verify male fidelity to the
calling sites, the calling sites were marked
using colored tape, and the males’ photo-
graphs were compared to identify the recap-
tures. Recaptures up to a radius of 2 m from
the place of previous capture, as measured
with a measuring tape, were considered as
evidence of calling site fidelity. Instead of
considering the exact calling site, the area of
2 m radius was used to define the calling site
because amplectant pairs may move around
the selected shrub before choosing an ovipo-
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Fig. 1. An individual of Pithecopus ayeaye Lutz, 1966, exposing the colorful regions used as natural marks
for individual recognition in the present mark-recapture study. The specimen was collected
in the municipality of Sacramento, southeastern Brazil, and photographed by M. M. BORGES.

Abb. 1. Das abgebildete Exemplar von Pithecopus ayeaye LUTz, 1966 zeigt jene farbenfrohen Korperstellen,
die in der vorliegenden Fang-Wiederfangstudie zur individuellen Erkennung dienten. Es wurde im
stidostbrasilianischen Gemeindegebiet von Sacramento gesammelt und von M. M. BORGES photographiert.

sition site (R. C. NALI, pers. obs.; OLIVEIRA
2017).

Clutches were collected and fixed in
formalin 5 %; all the eggs from each clutch
were counted and the diameter of each egg
was measured under a Nikon SMZ 1500
stereomicroscope. For the morphological
analyses, adult males and females were col-
lected, euthanised with lidocaine spray 10 %,
initially fixed in formalin 10 % and then
transferred to ethanol 70 % (McCDIARMID
1994). In the laboratory, their body and go-
nad mass was measured using a digital bal-
ance (accuracy: 0.001 g). Gonad mass was
measured from preserved specimens; al-
though the results could be biased due to tis-
sue shrinkage resulting from preservation,

there is evidence that gonad size does not dif-
fer significantly between preserved and fresh-
ly collected material (BYRNE et al. 2002).

The reproductive investment (gonadal
investment, gonadosomatic index, RI, GSI)
of the males and females was calculated as
the percentage of gonad mass relative to
body mass [(gonad mass/body mass)*100]
(PrRADO & HADDAD 2005). Collected in-
dividuals were deposited at the CELIO F. B.
HappaD Amphibian Collection, Univer-
sidade Estadual Paulista, Rio Claro, Sao
Paulo state, Brazil (vouchers CFBH 32772—
79, CFBH 36024-27, CFBH 36030-32,
CFBH 36050-52). Measures below are re-
ported as arithmetic mean + standard devia-
tion.
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Table 1: Captures and recaptures for males of Pithecopus ayeaye Lutz, 1966, in the sampling campaigns
of the reproductive periods October 2013 to February 2014, and December 2014. Each capture or recapture event
is represented by the letter X. Out of the 41 male frogs captured, 14 (males # 1 to 14 in the table) were repeated-
ly recaptured in overall 27 recapture events. Sampling effort was two to four nights (approximately from 18:00 to
01:00 h) per month totaling about 270 person-hours. * - The male was recaptured at the same calling site where it
was captured before. £ - Number of captures per male.

Tab. 1: Fange und Wiederfange der Mannchen von Pithecopus ayeaye Lutz, 1966 in den Sammelaktionen
der Fortpflanzungsperioden Oktober 2013 bis Februar 2014 und Dezember 2014. Jedes Fang- und Wiederfang-
ereignis ist durch den Buchstaben X dargestellt. Von 41 gefangenen Méannchen wurden 14 (Mannchen Nummer 1
bis 14 in der Tabelle) bei insgesamt 27 Wiederfang-Vorgangen mehrmals wiedergefangen. Der Sammelaufwand
betrug zwei bis vier Néchte (etwa von 18:00 bis 01:00 Uhr) pro Monat, insgesamt etwa 270 Personenstunden.
% - Dieses Mdnnchen wurde an demselben Rufplatz wiedergefangen, an dem es davor bereits einmal gefangen wor-
den war. X - Anzahl der Fénge je Mannchen.
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RESULTS

Breeding site characteris- 7,8,9,11,13,and 14 were recaptured in the
tics.- The authors found 47 adult males  following days during the same sampling
and four adult females, three of which were ~ campaign (month). Each time male # 9 was
gravid. Males of P. ayeaye called mostly recaptured in subsequent sampling cam-
perched on vegetation along the stream’s  paigns (months) it was found on the same
margin, using branches, leaves, grass and shrub of Leandra sp.; at the end of the
rarely the ground and bromeliads. Different  reproductive season (18 February 2014) this
males called from the same shrub, but never  individual was detected about 2.20 m away
on the same branch. Males called on from this shrub. The maximum interval
branches and leaves of Leandra sp. (family  between the first and the last recapture was
Melastomataceae; 54.4 %, N = 37 observa-  found for male # 14, captured in November
tions) or at most about two meters away 2013 and recaptured in December 2014,
from them (45.6 %, N = 31 observations).  hence, in two subsequent breeding seasons.
Two females were found on the grass, close ~ Two males (# 1 and # 14) moved as far as 40
to the water, and the other two were found meters from where they were captured first.

perched on the trees surrounding the water Body and gonad measures,
body. sex specific differences, repro-
Breeding site fidelity (recap- ductive investment.- Measures of

tures).- Fourteen males were recaptured  SVL, body mass, and reproductive invest-
between one and four times during the ment of males and females are stated on
reproductive season of 2013/2014 (N =27  Table 2. Males captured just once (SVL =
recaptures; Table 1). Males number 1, 5,6, 33.48 = 1.92 mm, body mass = 2.31 £+ 0.50
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Table 2: Body size and reproductive characteristics of Pithecopus ayeaye Lutz, 1966, located in the
municipality of Sacramento, Minas Gerais State, Brazil. Measures are reported as arithmetic mean + standard

deviation (minimum — maximum; sample size).
Tab. 2:

Korpergroe und Fortpflanzungsparameter von Pithecopus ayeaye Lutz, 1966 aus dem

Gemeindegebiet von Sacramento, Bundesstaat Minas Gerais, Brasilien. Die MefBwerte sind in der Reihenfolge
arithmetischer Mittelwert + Standardabweichung (Minimum — Maximum; Stichprobenumfang) angegeben.

Females / Weibchen Males / Ménnchen

Snout-vent length (mm)
Kopf-Rumpf-Linge (mm)
Body mass (g)
Korpermasse (g)

Reproductive investment (% gonad mass/body mass)

Fortpflanzungsaufwand (% Gonadenmasse / Korpermasse)

Egg diameter (mm)
Eidurchmesser (mm)

Number of eggs per clutch
Anzahl der Eier je Gelege

38.96 + 1.34 33.53 + 1.95
(36.75 — 42.70; N=4) (28.70 — 37.90; N = 47)
3.44+0.61 230+ 0.50
(1.89-4.90; N=4)  (1.10 - 3.70; N = 47)
4254035 035+ 0.05
(3.65-4.88;N=3)  (0.16-0.80; N = 14)

2.84 % 0.02
(2.19 - 3.70; N = 109)
29+2.38
(20-35;N=7)

g, N = 33) and recaptured males (SVL =
33.65 £ 2.08 mm, body mass = 2.29 + 0.53
g, N=14) had similar SVL (Mann-Whitney
U =230, P=0.98) and body mass (U = 208,
P =0.59). A significant difference between
the sexes was found for SVL, with females
being larger (Mann-Whitney U = 4; P <
0.05). This difference was, however mar-
ginally nonsignificant for body mass (U =
44.5; P =0.00).

The authors collected six clutches laid
on folded leaves of Leandra sp. and one that
was laid in the plastic bag used to collect the
pair. Clutches were composed by yellowish
eggs and many empty gelatinous capsules.
In some cases, several embryos at a pre-
hatching stage and newly hatched tadpoles
were simultaneously present on the same
leaf. Further characteristics of clutches and
eggs are stated on Table 2.

DISCUSSION

Breeding site characteris-
tics.- The calling sites of P. ayeaye varied
in substrate, but most males called from
branches and leaves pendant above the
stream, as reported for another ESU of this
species, and for other Pithecopus species
(FRrEITAS et al. 2008; BRANDAO et al. 2009;
OLIVEIRA 2017). Also, grass was observed
as calling site of P. ayeaye in the present
study, as reported for Pithecopus azureus
(CopE, 1862) by CostA et al. (2010) and
Dias et al. (2014). However, clutches of P,
ayeaye were exclusively found on the hairy
leaves of Leandra sp.. The oviposition on
leaves that have trichomes, prickles and
spines, like those of the plant families
Melastomataceae and Solanaceae, was ob-
served also in other Phyllomedusidae
species and another ESU of P ayeaye
(PoMBAL Jr. & HADDAD 1992; RODRIGUES et
al. 2007; CosTa et al. 2010; Dias et al. 2014;

OLIVEIRA 2017). These structures could
assist in fixing the clutches, providing ther-
mal insulation by air retention, and main-
taining moisture for eggs and embryos
(Dias et al. 2014). Thus, the use of leaves
with trichomes seems to be important to
ensure the development and survival of the
eggs and embryos of species from this fam-
ily (D1as et al. 2014), increasing their repro-
ductive success (FREITAS et al. 2008). Also,
the fact that males of P. ayeaye called most
frequently from such shrubs suggests the
benefit of defending this type of territory for
oviposition, using physical combat and
aggressive vocalisations (NALI et al. 2015;
OLIVEIRA 2017).

Breeding site fidelity (recap-
tures).- Males of P ayeaye were recap-
tured from one to four times, and some of
them were recaptured in as many as four
consecutive months (Table 1), unlike anoth-
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er ESU of the species, in which individuals
were less frequently recaptured (OLIVEIRA
2017). In the present study, some recap-
tured males called from the same sites where
they had been captured earlier (Table 1).
Anuran males that defend high quality
breeding sites or remain within the same ter-
ritory for longer periods can gain increased
reproductive success, which can also be
affected by body size (e. g., WELLS, 1977a;
HowARD 1978; ROITHMAIR 1992). In the
present study however, males captured just
once and males recaptured were of similar
body size, possibly indicating that male
chorus attendance and calling site fidelity
are not influenced by body size in P. ayeaye.
In prolonged-breeding species, females usu-
ally search for and select males based on
their call traits and calling site characteris-
tics (WELLS 1977b; SULLIVAN et al. 2005;
NALI & PraDO 2012). The fact that some
males stay and defend a selected calling site
for a prolonged period could indicate high
quality of the territory and effect an in-
creased probability of female choice (BERT-
RAM et al. 1996; WOGEL et al. 2005; WOGEL
& PomBAL Jr. 2007).

Body and gonad measures,
sex specific differences, repro-
ductive investment.- Females of P,
ayeaye were larger than males, as common-
ly observed within the family Phyllome-
dusidae (RODRIGUES et al. 2007; CosTA et al.
2010; OLIVEIRA et al. 2011; OLIVEIRA 2017).
Recent studies on sexual size dimorphism in
frogs indicate that the pressure to increase
body size is higher in females, especially in
small species, even for those with territorial
males such as P. ayeaye (HAN & Fu 2013;
NALI et al. 2014, 2015). This pressure was
suggested to be related with the “fecundity
advantage hypothesis, according to which
larger females can produce larger clutches or
eggs (HOwWARD 1978; SHINE 1989; NALI et
al. 2014). In contrast and regardless of the
small sample size in the present study, fe-
males of P. ayeaye showed a lower reproduc-
tive investment than other phyllomedusids

(e.g., Pithecopus azureus and Phyllomedusa
sauvagii BOULENGER, 1882 - RODRIGUES et
al. 2007). The amount of energy invested in
reproduction is inversely proportional to
adult survival rate (POUGH et al. 1998), i.e.,
small species tend to have shorter life spans
and less breeding opportunities, so higher
fecundity would be advantageous to ensure
maximum production of offspring in a single
bout (RODRIGUES et al. 2007; NALI et al.
2014). However, even the small-bodied P,
ayeaye individuals have at least two breed-
ing seasons to reproduce, given that the
authors’ capture and recapture of one paticu-
lar individual at the breeding site was 13
months apart. Similarly, a study with mark-
recaptures of Pithecopus megacephalus
(MIRANDA-RIBEIRO, 1926), showed that indi-
viduals survived for at least three breeding
seasons (OLIVEIRA et al. 2011). The present
results highlight the importance of data on
mortality and lifespan to understand anuran
reproduction, including reproductive invest-
ment (e.g., OLIVEIRA et al. 2011).
Regarding the reproductive invest-
ment of males, different species may suffer
selective pressures to increase testes size,
depending on aspects of the mating system,
such as the occurrence of multi-male
spawning and consequently sperm competi-
tion (PARKER 1970; RODRIGUES et al. 2007,
ZAamuDIO et al. 2016). Multi-male spawning
has been reported for some Phyllomedusi-
dae species (e.g., Phyllomedusa distincta
Lutz, 1950 - PrRADO et al. 2006; Pithecopus
megacephalus - OLIVEIRA et al. 2011; Phyllo-
medusa bahiana Lutz, 1925 - SANTOS-
SiLvA et al. 2012), and at least in Phyllo-
medusa distincta, the reproductive invest-
ment was larger than that of P ayeaye
(Zamupio et al. 2016). The territorial be-
havior and physical combats observed in P,
ayeaye could decrease the opportunities for
multi-male spawning, which in turn could
lead to the observed low reproductive
investment of its males, compared to other
phyllomedusid treefrogs (NALI et al. 2015;
ZAaMUDIO et al. 2016; OLIVEIRA 2017).
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