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ABSTRACT
Amphibians exhibit a wide range of antipredator behaviors, such as thanatosis, alarm vocalizations, 
and distraction displays, aimed at reducing predation risk. Leg-interweaving is a rare antipre-
dator behavior, characterized by crossing the hind limbs over the body. Here, we report the first 
record of this behavior for Boana polytaenia, which represents the first documented occurrence 
within the genus. It is thought to represent a displaced behavior in an out-of-context response 
to stress rather than a true defense mechanism, although it is discussed to have a potential role 
in enhancing aposematic displays, reproductive signals, chemical defenses, physical obstruction 
against predation, or body pattern distortion, favoring camouflage. The inconsistent occurrence 
and scarce reports of leg interweaving emphasize the importance of further experimental studies 
to determine its functional role and ecological relevance, thereby enriching our understanding 
of the evolution and functional diversity of defensive strategies in anurans. 
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RESUMEN
Los anfibios exhiben una amplia gama de comportamientos antidepredadores, como la tanatosis, 
las vocalizaciones de alarma y las exhibiciones de distracción, destinados a reducir el riesgo de 
depredación. El entrelazamiento de las piernas es un comportamiento antidepredador poco 
común, caracterizado por el cruce de las extremidades posteriores sobre el cuerpo. Aquí, repor-
tamos el primer registro de este comportamiento para Boana polytaenia, lo que representa la 
primera ocurrencia documentada dentro del género. Se cree que representa un comportamiento 
desplazado en una respuesta de estrés fuera de contexto, en lugar de un mecanismo de defensa 
real, aunque se discute su papel potencial en la mejora de las exhibiciones aposemáticas, las 
señales reproductivas, las defensas químicas, la obstrucción física contra la depredación o la 
distorsión del patrón corporal, favoreciendo el camuflaje. La ocurrencia inconsistente y los es-
casos reportes de entrelazamiento de piernas enfatizan la importancia de realizar más estudios 
experimentales para determinar su papel funcional y relevancia ecológica, enriqueciendo así 
nuestra comprensión de la evolución y la diversidad funcional de las estrategias defensivas en 
los anuros.

Palabras claves: Entrelazamiento de piernas; Comportamiento de anuros; Estrategias defensivas.
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Animal behavior encompasses the observable 
responses of an organism to internal or external 
stimuli, representing a direct product of natural se-
lection that reflects adaptations enhancing survival 
and reproductive success (Tinbergen, 1963; Alcock, 
2013). These responses variate from simple motor 
responses to complex behavior patterns, such as 
communication, parental care, and predator avoid-
ance. As a central component of biology, behavior is 
particularly diverse in vertebrates, where it is shaped 
by multiple selective pressures, among which pre-
dation represents one of the most intense (Lima & 
Dill, 1990). Among anurans, behavioral diversity is 
exceptionally pronounced. Extensive research has 
documented intricate strategies in reproductive be-
havior (Wells, 2007), territorial defense (Toledo et al., 
2015), acoustic communication (Gerhardt & Huber, 
2002), and, notably, antipredator behavior (Toledo 
& Haddad, 2009; Caro, 2014; Ferreira et al., 2019). 
Given their heightened vulnerability to predators 
across life stages, anurans have evolved a wide array 
of defensive mechanisms, including morphologi-
cal, physiological, and behavioral traits (Duellman 
& Trueb, 1994; Toledo et al., 2011; Mukherjee & 
Heithaus 2013).
In the context of antipredator behavioral, strategies 
that reduce the likelihood of detection, capture, or 
consumption by predators are particularly signifi-
cant (Feder & Lauder, 1986). Many of these behaviors 
have evolved under long-term selective pressures, fa-
voring individuals with effective responses to threat 
(Edmunds, 1974; Ruxton et al., 2004). Documented 
antipredator strategies include thanatosis (feigning 
death), body inflation, alarm vocalizations, legs-
interweaving, distraction display, among others 
(Toledo et al., 2010; Toledo et al., 2011). These be-
haviors often function synergistically with morpho-
logical adaptations, such as aposematic coloration or 
mimicry, enhancing their overall defensive efficacy 
(Skelhorn & Rowe, 2006). For instance, thanatosis, 
widely reported in amphibians, involve complete 
immobility to deceive predators, proving especially 
effective against visual predators or those that rely 
on movement cues (Toledo et al., 2010; Ramalho et 
al., 2019). Body inflation, a common trait in many 
Bufonidae species, increases the animal apparent 
body volume, making it harder for predator to grasp 
or ingest (Moroti et al., 2018; Ferreira et al., 2019). 
In contrast, legs-interweaving is a rare and less-
studied behavior, documented in only few families 
of frogs (e.g., Bufonidae, Craugastoridae, Hylidae, 

Hyperolidae, and Leptodactylidae). Its function 
remains debated: it may serve as an active defense 
mechanism or represent displaced behavior, an out 
of-context response to stress (Velasco et al., 2025).

Leg-interweaving behavioral was observed in 
an adult male of Boana polytaenia at the Instituto 
Alto Montana da Serra Fina, Itamonte municipal-
ity, Minas Gerais state, Brazil. The specimen was 
collected on April 12 2025 at 20:20 by the senior 
author (SISBIO Permit # 66852-7) while vocal-
izing 20 cm above water in grasses, in the Pinhão 
Assado waterfall (-22.358591, -44.797457). During 
photographic documentation prior to euthanasia, 
the individual jumped from a surface, falling ap-
proximately 10–15 cm. Immediately after impact, 
it exhibited leg-interweaving behavior, character-
ized by crossing its hind limbs over the body and 
exposing the orange-colored inner thigh surfaces. 
This posture was maintained for approximately two 
minutes without any additional stimulus before the 
animal spontaneously resumed normal movement. 
The euthanasia was conducted using specimen 
lethal dose of sodium thiopental. Subsequently, the 
specimen was fixed in 4% formalin solution for 24 
h and, later, transferred to 70% ethanol for long-
term preservation. The specimen was deposited in 
Coleção Teresa Cristina Sauer de Avila-Pires (CHTC 
1591), Universidade Federal de São Paulo, campus 
Diadema, São Paulo, Brazil.

This record represents the first documented 
occurrence of leg-interweaving behavior in the 
genus Boana, representing the thirteenth recorded 
anuran species to exhibit this rare antipredator 
strategy (Velasco et al., 2025). Beyond expanding 
the known taxonomic distribution of this behavior, 
this finding holds particular significance in unders-
tanding origins and functional diversity of defensive 
mechanisms in Neotropical anurans. The presence 
of leg-interweaving in B. polytaenia suggests either 
convergent evolution of this strategy or a potentially 
wider phylogenetic distribution among hylids than 
previously recognized.

Aposematic coloration consists of conspicuous 
visual patterns that typically signal cutaneous toxins 
in amphibians, warning predators of an individual’s 
unpalatability or danger (Toledo et al., 2010; Ferreira 
et al., 2019). These displays commonly employ high-
contrast hues (e.g. red, orange, yellow, or blue) that 
enhance predator recognition and memory (Toledo 
& Haddad, 2009; Protti, 2019). Many anurans ex-
hibit such coloration only on normally concealed 
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body regions (e.g., posterior thighs, belly, or limb 
surfaces), revealing them through specific defensive 
postures like body elevation or leg-interweaving 
(Mallet & Joron, 1999; Toledo & Haddad, 2005). In 
B. polytaenia, the bright orange inner thighs and 
tibiae remain hidden at rest but become highly vi-
sible during leg-interweaving behavior (Fig. 1A–B). 
This dynamic display likely enhances aposematic 
signaling while minimizing continuous exposure to 
predators (Rößler et al., 2019; Barnett et al., 2023). 
However, conspicuous coloration may also increase 
detection risk, creating an evolutionary trade-off 
between warning efficacy and predator attraction 
(Hall et al., 2013; Rößler et al., 2019). This paradox 
explains why many species combine aposematic with 
cryptic resting posture, a strategy that optimizes the 
balance between concealment and warning (Toledo 
& Haddad, 2009; Ferreira et al., 2019; Pedroso-
Santos et al., 2022).

Bright coloration on the internal regions of 
anuran hind limbs has been interpreted as serving 
(1) a distraction mechanism during escape behaviors 
(e.g. rapid jumping), in which sudden flashes of color 
may disorient predators (Toledo et al., 2010; Ra-
malho et al., 2019), and (2) a potential visual signal 
in reproductive contexts. Alternatively, these color 
patterns may specifically enhance the efficacy of leg-
interweaving behavior. When the limbs are crossed 
over the body in this distinctive posture, colors 
exposure create maximal visual contrast, potentially 
amplifying the aposematic signal or startling effects 
(Toledo et al., 2011).

Beyond its potential role in enhancing apo-
sematic displays and reproductive signal, leg-

interweaving behavior may serve additional, yet 
understudied, defensive function. One proposed 
mechanism involves physical obstruction: by cros-
sing its limbs over the body, the frog increases its 
effective volume and interference with predator jaws 
mechanisms, especially for predator that employ ra-
pid gape-limited attacks (Wells, 2007; Ruxton et al., 
2019). This strategy parallels other anurans defenses, 
including thanatosis (death feigning) and body infla-
tion, which similarly complicate the prey handling. 
(Toledo et al., 2011; Gally et al., 2014). A second 
hypothesis suggests disruption of predator search 
images through visual pattern distortion (Toledo & 
Haddad, 2009; Ramos et al., 2021). Visual predators 
often rely on prey silhouettes for recognition (Wells, 
2007; Zlotnik et al., 2018), and the anomalous postu-
re by leg-interweaving may break the frog’s charac-
teristic outline. In species like B. polytaenia, which 
exhibits longitudinal dorsal stripes, this effect could 
be intensified, as the behavior disrupts these linear 
patterns into discontinuous segments (Velasco et al., 
2025), potentially delaying predator identification. 
A third, chemically mediated function may involve 
the release of defensive skin secretions (Dreher et 
al., 2015). Although undocumented in B. polytae-
nia, Velasco et al. (2025) demonstrated that some 
anurans release bioactive peptides through the skin 
during stress responses. Limb movements during 
interweaving may mechanically stimulate dermal 
glands, facilitating secretion release while simulta-
neously exposing warning coloration, thus forming 
a synergistic defensive strategy (Amézquita et al., 
2017; Velasco et al., 2025). These peptides, stored 
in granular glands, function as both as antipredator 

Figure 1. Male Boana polytaenia exhibiting leg-intertwining behavior. Dorsal and lateral views of the behavior observed on a wooden 
substrate, highlighting the display of bright orange inner coloration on the hind limbs (A–B). Same individual at rest, with hind limbs 
in a natural position and inner coloration not visible (C). 
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and antimicrobial agents, offering protection during 
vulnerable defensive postures.

This observation represents the first docu-
mented case of leg-interweaving behavior in the 
genus Boana, significantly expanding our knowledge 
of this poorly documented antipredator strategy 
in anurans. The behavior’s close association with 
sudden display of otherwise vibrant coloration 
reinforces its function as a complex defensive 
mechanism. The context-dependent nature of this 
color exposure - occurring exclusively during leg-
interweaving - suggests an adaptive specialization for 
maximizing visual deterrence during predator en-
counters. The coordinated presentation of postural 
modification, dynamic color display, and potential 
chemical secretion release indicates an integrated 
defensive response. This finding highlights impor-
tant questions requiring experimental investigation, 
particularly regarding the behavior’s effectiveness 
against different predator types, its associated bio-
chemical components, and the potential evolutio-
nary trade-offs involved.

With only twelve previously documented 
species exhibiting this behavior, this record of B. 
polytaenia provides valuable comparative data for 
understanding the evolution and functional diversity 
of defensive strategies in anurans. The scarcity of 
field observations of leg-interweaving emphasizes 
the need for further research to clarify its adaptive 
significance and ecological context. This discovery 
not only adds to the known taxonomic distribution 
of this behavior but also enhances our understand-
ing of the sophisticated antipredator adaptations 
employed by anurans under predation pressure.
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