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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 luTZ, 1966
(anura: Phyllomedusidae)

MaRília M. BoRgeS & ReNaTo C. Nali
& BRuNo F. FioRillo & CyNTHia P. a. PRado
KuRZFaSSuNg
die untersuchung zur Fortpflanzungsbiologie einer Population von Pithecopus ayeaye luTZ, 1966, einem für
den südostbrasilianischen Cerrado typischen laubfrosch, erfolgte in exkursionen, die in den Monaten der Regenzeit
der Jahre 2013/2014 durchgeführt wurden. von 41 gefangenen Männchen wurden 14 im abstand von 13 Monaten
ein- bis viermal wiedergefangen. einige Wiederfänge erfolgten nahe (< 2 m) dem ursprünglichen Rufstandort. die
Körpergrößen der nur einmal gefangenen Männchen und jene von Wiederfängen waren ähnlich, was nahelegt, daß
die Teilnahme am Rufgeschehen und die Rufplatztreue nicht von deren Körpergröße abhingen. Jedenfalls riefen die
Männchen meist von oder nahe bei Leandra - Büschen, und alle erfaßten gelege befanden sich in gefalteten Blättern
dieser Pflanze, welche Trichome tragen, die zur Befestigung der eier und dem Schutz der embryonen bis zum
Schlupf dienen könnten. So kann die anwesenheit eines Männchens an und seine ortstreue zu einer bestimmten
Stelle einen eiablageplatz von hoher güte bezeichnen, was die Wahrscheinlichkeit der Partnerwahl durch ein Weibchen erhöht. der Fortpflanzungsaufwand ausgedrückt als gonadosomatischer index von Männchen (0.35 ± 0.05 %;
N = 14) und Weibchen (4.25 ± 0.35 %; N = 3) war allgemein geringer als bei anderen Phyllomedusenarten. das
kann erklärt werden mit (1) einer höheren lebensdauer von P. ayeaye, aus der sich mehr laichgelegenheiten für
Weibchen ergeben, und (2) dem vorkommen von aggressiven Rufen und physischen Kämpfen, welche die
gelegenheit für die Besamung durch mehrere Männchen 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 captured 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 fixing the eggs and protecting embryos until hatching. Thus, male attendance and fidelity to such locations may represent 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 phyllomedusid species. This could be explained by (1) a comparatively long lifespan of P. ayeaye, which could represent 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
world is found in Brazil, with 1,039 described
species (Segalla et al. 2016). Nevertheless,
the natural history of most species remains
unknown (e.g., RodRigueS et al. 2007;
oliveiRa et al. 2011). With regard to anuran

male traits, such as body size, territorial
behavior, fidelity to calling sites, persistence in calling activity, as well as gonadal
investment, all are related to the variation in
reproductive success and survival due to
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 analyze 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 reproductive 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 considered to be restricted to its type-locality in
Morro do Ferro (21°48’ S, 46°35’ W, 14001540 m a. s. l.), municipality of Poços de
Caldas, Minas gerais, southeastern Brazil
(aRaúJo et al. 2007); however, further studies showed a broader distribution with new
records of this species within Conservation
units (aRaúJo et al. 2007; giovaNelli et al.
2008; BaêTa 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) (MagalHãeS et al. 2017); aspects of
its natural history were uncovered for only
one of them (oliveiRa 2017). Research on
the different eSus, including their reproductive investment and behavior, are mandatory
to assess the conservation status of P. ayeaye
(MagalHãeS et al. 2017), which is still classified as Critically endangered by the iuCN,
likely due to lack of data (CaRaMaSCHi et al.
2016).
in the present study the authors investigated 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 (MagalHãeS 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, southeastern Brazil (20°13’10” S, 47°06’21” W, 880
m a. s. l.), located within the Brazilian Cerrado, a savanna formation with a rainy season 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, during the reproductive season of P. ayeaye
(october 2013 to February 2014), and additionally in december 2014. eight individuals collected from the same locality during
the reproductive season of 2010/2011 were
used to quantify the morphological and reproductive traits as described in detail below.
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 photographed with a digital camera for subsequent 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’ photographs were compared to identify the recaptures. 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 Körperstellen,
die in der vorliegenden Fang-Wiederfangstudie zur individuellen erkennung dienten. es wurde im
südostbrasilianischen 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 collected, euthanised with lidocaine spray 10 %,
initially fixed in formalin 10 % and then
transferred to ethanol 70 % (MCdiaRMid
1994). in the laboratory, their body and gonad mass was measured using a digital balance (accuracy: 0.001 g). gonad mass was
measured from preserved specimens; although the results could be biased due to tissue shrinkage resulting from preservation,

there is evidence that gonad size does not differ significantly between preserved and freshly 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]
(PRado & Haddad 2005). Collected individuals were deposited at the Célio F. B.
Haddad amphibian Collection, universidade estadual Paulista, Rio Claro, São
Paulo state, Brazil (vouchers CFBH 32772–
79, CFBH 36024–27, CFBH 36030–32,
CFBH 36050–52). Measures below are reported as arithmetic mean ± standard deviation.
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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 repeatedly 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. Σ - Number of captures per male.
Tab. 1: Fänge und Wiederfänge der Männchen von Pithecopus ayeaye luTZ, 1966 in den Sammelaktionen
der Fortpflanzungsperioden oktober 2013 bis Februar 2014 und dezember 2014. Jedes Fang- und Wiederfangereignis ist durch den Buchstaben X dargestellt. von 41 gefangenen Männchen wurden 14 (Männchen Nummer 1
bis 14 in der Tabelle) bei insgesamt 27 Wiederfang-vorgängen mehrmals wiedergefangen. der Sammelaufwand
betrug zwei bis vier Nächte (etwa von 18:00 bis 01:00 uhr) pro Monat, insgesamt etwa 270 Personenstunden.
* - dieses Männchen wurde an demselben Rufplatz wiedergefangen, an dem es davor bereits einmal gefangen worden war. Σ - anzahl der Fänge je Männchen.

date / datum

Males / Männchen Nr.
___________________________________________________________________________
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10 #11 #12 #13 #14

19 oct 2013
21 oct 2013
05 Nov 2013
06 Nov 2013
16 dec 2013
17 dec 2013
18 dec 2013
21 Jan 2014
22 Jan 2014
23 Jan 2014
18 Feb 2014
01 dec 2014
03 dec 2014
04 dec 2014

X
X
X
X
X

Σ

5

X
X*

X

3

X

X

2

X

X
X

X
X

X
X

X

X

2

X
X

2

2

3

X
X*

X

X*

2

X
X
X

X
X
X

X*
X

X

X*

5

2

4

2

X
X
X

3

X
X
X
4

ReSulTS
Breeding site characterist i c s . - The authors found 47 adult males
and four adult females, three of which were
gravid. Males of P. ayeaye called mostly
perched on vegetation along the stream’s
margin, using branches, leaves, grass and
rarely the ground and bromeliads. different
males called from the same shrub, but never
on the same branch. Males called on
branches and leaves of Leandra sp. (family
Melastomataceae; 54.4 %, N = 37 observations) or at most about two meters away
from them (45.6 %, N = 31 observations).
Two females were found on the grass, close
to the water, and the other two were found
perched on the trees surrounding the water
body.
Breeding site fidelity (recapt u r e s ) . - Fourteen males were recaptured
between one and four times during the
reproductive season of 2013/2014 (N = 27
recaptures; Table 1). Males number 1, 5, 6,

7, 8, 9, 11, 13, and 14 were recaptured in the
following days during the same sampling
campaign (month). each time male # 9 was
recaptured in subsequent sampling campaigns (months) it was found on the same
shrub of Leandra sp.; at the end of the
reproductive season (18 February 2014) this
individual was detected about 2.20 m away
from this shrub. The maximum interval
between the first and the last recapture was
found for male # 14, captured in November
2013 and recaptured in december 2014,
hence, in two subsequent breeding seasons.
Two males (# 1 and # 14) moved as far as 40
meters from where they were captured first.
Body and gonad measures,
sex specific differences, reproductive investment.Measures of
Svl, body mass, and reproductive investment of males and females are stated on
Table 2. Males captured just once (Svl =
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: Körpergröße und Fortpflanzungsparameter von Pithecopus ayeaye luTZ, 1966 aus dem
gemeindegebiet von Sacramento, Bundesstaat Minas gerais, Brasilien. die Meßwerte sind in der Reihenfolge
arithmetischer Mittelwert ± Standardabweichung (Minimum – Maximum; Stichprobenumfang) angegeben.
Females / Weibchen
Snout-vent length (mm)
Kopf-Rumpf-länge (mm)
Body mass (g)
Körpermasse (g)
Reproductive investment (% gonad mass/body mass)
Fortpflanzungsaufwand (% gonadenmasse / Körpermasse)
egg diameter (mm)
eidurchmesser (mm)
Number of eggs per clutch
anzahl der eier je gelege

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 marginally nonsignificant for body mass (u =
44.5; P = 0.06).

Males / Männchen

38.96 ± 1.34
33.53 ± 1.95
(36.75 – 42.70; N = 4) (28.70 – 37.90; N = 47)
3.44 ± 0.61
2.30 ± 0.50
(1.89 – 4.90; N = 4)
(1.10 – 3.70; N = 47)
4.25 ± 0.35
0.35 ± 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)

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 prehatching 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 characterist i c s . - 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
(FReiTaS et al. 2008; BRaNdão 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 observed 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 thermal insulation by air retention, and maintaining 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 family (diaS et al. 2014), increasing their reproductive 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 (recapt u r e s ) . - Males of P. ayeaye were recaptured 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 recaptured 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 territory 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 usually search for and select males based on
their call traits and calling site characteristics (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 increased probability of female choice (BeRTRaM et al. 1996; Wogel et al. 2005; Wogel
& PoMBal Jr. 2007).
Body and gonad measures,
sex specific differences, reprod u c t i v e i n v e s t m e n t . - Females of P.
ayeaye were larger than males, as commonly observed within the family Phyllomedusidae (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 (HoWaRd 1978; SHiNe 1989; Nali et
al. 2014). in contrast and regardless of the
small sample size in the present study, females of P. ayeaye showed a lower reproductive 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 breeding seasons to reproduce, given that the
authors’ capture and recapture of one paticular individual at the breeding site was 13
months apart. Similarly, a study with markrecaptures of Pithecopus megacephalus
(MiRaNda-RiBeiRo, 1926), showed that individuals 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 investment (e.g., oliveiRa et al. 2011).
Regarding the reproductive investment 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 competition (PaRKeR 1970; RodRigueS et al. 2007;
ZaMudio et al. 2016). Multi-male spawning
has been reported for some Phyllomedusidae species (e.g., Phyllomedusa distincta
luTZ, 1950 - PRado et al. 2006; Pithecopus
megacephalus - oliveiRa et al. 2011; Phyllomedusa bahiana luTZ, 1925 - SaNToSSilva et al. 2012), and at least in Phyllomedusa distincta, the reproductive investment was larger than that of P. ayeaye
(ZaMudio et al. 2016). The territorial behavior 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;
ZaMudio et al. 2016; oliveiRa 2017).
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