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Abstract
Evolutionary dynamics shape two passive defensive mechanisms in Neotropical snake 
radiations. We mapped the distribution of two defensive behaviors (balling and head 
hiding) of Neotropical snakes to evaluate its distribution in distinct phylogenetic groups. 
Balling behavior was observed in 58 out of the 167 examined species across seven families. 
Head hiding was observed in a total of 100 species across nine families. From the high 
prevalence of balling behavior in basal groups of snakes, such as Anomalepididae, Boidae, 
Leptotyphlopidae, Tropidophiidae, and Typhlopidae, and the low prevalence among 
species of recent diversification radiations� sWcJ as 'Napidae and 8iperidae� Ye sWIIest tJat 
this behavior evolved in basal groups and persisted in some derived taxa. Balling was not 
observed in association with other defensive strategies, while head hiding can occur in 
combination YitJ caWdaN eNevation� caWdaN vibration� and bod[ ƀatteninI� 6Jerefore� Jead 
JidinI� in contrast to baNNinI beJavior� presents itseNf as pWtativeN[ more ƀeZibNe� as it 
should allow for an escalated degree of defensive displays.

Keywords: Balling, defensive behavior, evolution, head hiding, Neotropical snakes, predation.

Resumo
Dinâmicas evolutivas moldam dois mecanismos de defesa passivos em radiações de serpentes 
neotropicais. Neste estudo, mapeamos a distribuição de dois mecanismos defensivos (embolar e 
esconder a cabeça) em serpentes neotropicais, visando observar sua distribuição em relação a 
diferentes IrWpos fiNoIenÃticos� 1 comportamento de emboNar foi observado em �� das ��� espÃcies 
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anaNisadas� estando presente em sete famÈNias� 'sconder a cabeÁa foi observado em ��� espÃcies 
distribuídas em nove famílias. O predomínio do comportamento de embolar em grupos basais de 
serpentes, como Anomalepididae, Boidae, Leptotyphlopidae, Tropidophiidae e Typhlopidae, e sua 
poWca incidÄncia em espÃcies pertencentes a famÈNias mais recentes� como 'Napidae e 8iperidae� nos 
levam a sugerir que esse comportamento originou-se em grupos basais, persistindo em grupos derivados. 
O comportamento de embolar nºo foi observado em associaÁºo com oWtras estratÃIias defensivas� 
enquanto que esconder a cabeça ocorreu em combinação com elevação de cauda, vibração de cauda e 
acJatamento do corpo� Desse modo� esconder a cabeÁa apresenta�se como pWtativamente mais ƀeZÈveN 
do que embolar, uma vez que permitiria a exibição escalonada de outros comportamentos defensivos.

Palavras-chave: comportamento defensivo, esconder a cabeça, embolar, evolução, predação, 
serpentes neotropicais.

Introduction

Avoiding predation is a fundamental 
challenge to living organisms (Dawkins and 
Krebs 1979, Greene 1988, Ruxton et al. 2004). 
Hence, they have evolved a wide range of 
defensive strategies to reduce predation risk. 
Understanding and describing different defensive 
mechanisms may provide insights on 
evolutionary trends of predator/prey relationships 
among taxa and defensive character selection 
pressures (Greene 1983). Squamates have 
diverse anti-predator mechanisms, including 
cryptic coloration, mimicry, aposematism, and 
various behavioral displays in order to avoid 
predation (Greene 1973, Tozetti et al. 2009, 
Lewis and Lewis 2010, Pough et al. 2016). Two 
of the most iconic defensive behaviors in snakes 
involve balling and head hiding. Balling consists 
of rolling the body with the head hidden, forming 
a sphere (Bustard 1969, Mitchell 1978; Figure 
1). In addition to protecting the head, balling has 
been considered to be especially effective for 
snakes inside burrows (Mitchell 1978). Head 
hiding is the ability of concealing the head under 
the snake’s own body, ultimately confounding 
the predator or avoiding predation (Tozetti et al. 
2009). These behaviors may provide snakes with 
important generalized protection against 
consumption, since snakes are potential prey for 
predatory mammals, birds, other reptiles 
(including snakes), large amphibians, and even 
invertebrates (Greene 1997).

Although defensive snake tactics are 
apparently well documented (Greene 1988), 
relationships between defensive tactics and their 
evolutionary dynamics have not yet been tested 
under a phylogenetic framework, leaving an 
important gap as to why and how these tactics 
have evolved in snakes. Both behaviors (balling 
and head hiding) also seem to be phylogenetically 
widespread among snakes, and available 
information is largely scattered (Bustard 1969). 
In order to improve our knowledge on snake 
defensive behaviors, we present a set of original 
data on balling and head hiding behaviors, with 
special focus on Brazilian species (several of 
which are widely distributed in the Neotropical 
region), while also providing comments on their 
phylogenetic relationships. 

Materials and Methods

Our dataset was obtained during 33 years of 
observations made in fieNd trips in $ra\iN from 
1985 to 2018. We also compiled some personal 
information kindly provided by Brazilian 
herpetologists (see Acknowledgments section). 
9e defined baNNinI as tJe beJavior YJen tJe 
snake forms a ball with its body when approached 
by the researcher or during handling (Mitchell 
1978), and head hiding when the animal conceals 
its head with other parts of the body when 
touched or handled (Tozetti et al. 2009). We 
compiled data from 167 snake species of 10 
families, representing about 42% of total of 



5
Phyllomedusa - 20(1), June 2021

P
R

O
O

F
S

Evolutionary dynamics shape defensive mechanisms in Neotropical snakes

Figure 1. Defensive behavior displayed by distinct snake groups: Liotyphlops ternetzii (A), Siagonodon brasiliensis 
(B), Tropidophis paucisquamis (C), Epicrates assisi (D), Dipsas bucephala (E), Siphlophis worontzowi (F), 
Philodryas olfersii (G), Erythrolamprus atraventer (H), Bothrops fonsecai (I), and Micrurus corallinus (J). 
Photograph credits: Daniel Loebmann (A, B, E, G), Fernanda Stender (C), Paula H. Valdujo (D), Luís Felipe 
Toledo (F, J), and Julián Faivovich (H). 
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$ra\iNian snaMe ricJness 
%osta and $ÃrniNs 
2018). We included in our analysis 114 species 
that exhibited balling and/or head hidden 
behaviors. Taxonomy adopted follows Costa and 
$ÃrniNs 
������ 

For ancestral likelihood reconstruction of 
head hiding and balling behaviors, we used the 
rotl package (Michonneau et al. 2016) to 
incorporate our list of species (N = 114) into an 
eZistinI pJ[NoIenetic tree fiNe of snaMe species 
provided as supplementary material from 
Figueroa et al. (2016) using the castor package 
(Louca and Louca 2017) for the tree subset. The 
resulting matches for the existing species in the 
phylogeny included 80 species. We used the 
phylotools package (Revell 2012) for the 
Ancestral Character Estimation (ACE) and 
mapping maximum likelihood visualizations 
using the two behaviors as independent binary 
datasets (i.e., 1 = species exhibits the behavior; 0 
= species did not exhibit the behavior) at 95% 
confidence� 9JiNe Ye Wsed tJis metJod for 
ancestral representation, the original dataset of 
114 species was used to quantitatively report the 
overall distribution of behaviors in our study 
species.

Results

Ancestral reconstruction of head hiding and 
balling behavior showed an inverse relationship 
trend in species (Figure 2, inset ACE graph). 
Head-hiding behavior appears to be widespread 
with 88% of species exhibiting the behavior, and 
ancient in snake lineages according to its 
presence throughout the root state. Contrastingly, 
only 51% of species exhibited balling behavior 
and, as the reconstruction shows, is a relatively 
recent development throughout the clades that is 
somewhat unevenly distributed. However, the 
vast majority of snakes that exhibited head 
hiding behavior did not exhibit balling behavior 
with few exceptions in each clade. 

Based on the Brazilian snakes’ species list 

%osta and $ÃrniNs ������ tJe most YeNN 
represented families in our study were Boidae, 

Dipsadidae, Tropidophiidae, and Viperidae 
(Table 1). Balling was observed in 58 out of the 
167 examined species and distributed in seven 
families (Table 1, Figure 1). This behavior was 
observed in all species of Anomalepididae, 
Leptotyphlopidae, Tropidophiidae, and 
Typhlopidae. We did not observe balling behavior 
in Colubridae, Elapidae, and Aniliidae (Tables 1 
and 2).

Head hiding was observed in a total of 100 
species distributed into nine families (Tables 1 
and 2; Figure 1), accounting for 58.9% of the 
species examined and among 26% of the 
Brazilian species. This behavior was absent in 
Leptotyphlopidae, but present in all Elapidae, 
Tropidophiidae, Typhlopidae, and Aniliidae 
species examined, in addition to 87.5% of Boidae 
and 64.6% of Dipsadidae species. This behavior 
was also recorded in 18.2% of Colubridae, 50% 
of Anomalepididae, and 47.6% of Viperidae 
species (Tables 1 and 2).

Discussion

From the observation of high percentage of 
balling in the basal families Anomalepididae, 
Boidae, Leptotyphlopidae, Tropidophiidae, and 
Typhlopidae it appears to be ancestral (Greene 
1997). Also, this behavior is much rarer in more 
recently derived families, such as Elapidae and 
Viperidae. Instead, Elapidae and Viperidae have 
evolved defensive mechanisms largely based on 
the ability to deliver venomous strikes. It is 
possible that head hiding was positively selected 
over balling behavior in these families, as this 
might allow the species to strike more actively. 
Therefore, we suggest that balling was present in 
an ancestral and was lost several times across the 
phylogenetic tree, especially among the derived 
venomous taxa. Still, further observations under 
natural conditions are warranted to evaluate if 
this relatively rare behavior is not present in 
cryptic or poorly known viperid and elapid taxa.

Alternatively, balling behavior may be 
related to snake morphology and anatomy. This 
behavior requires great body contraction and it 

Tozetti et al.
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Figure 2. Ancestral state reconstruction of Neotropical snake species (N = 80) exhibiting contrasting differences of 
head hiding and balling defensive behaviors. Density of ancestral character estimates provided for 
distribution comparisons of the two behaviors.

Evolutionary dynamics shape defensive mechanisms in Neotropical snakes
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Table 1. Balling behavior and head hiding behaviors in snake families, the percentage and number of species tested 
in each family. For the Brazilian list category values are presented as percentage of studied species (total 
species in Brazil/species tested). For the defensive behaviors, values are presented as the percentage of 
species that displayed the behavior (species tested/species that displayed the behavior).

Family Brazilian list Balling behavior Head hiding

Aniliidae 100% (1/1) 0% (1/0) 100% (1/1)

Anomalepididae 28.6% (7/2) 100% (2/2) 50% (2/1)

Boidae 66.7% (12/8) 87.5% (8/7) 87.5% (8/7)

Colubridae 64.7% (34/22) 0% (22/0) 18.2% (22/4)

Dipsadidae 41.1% (241/99) 43.4% (99/43) 68.7% (99/68)

Elapidae 25.9% (27/7) 0% (7/0) 100% (7/7)

Leptotyphlopidae 7.1% (14/1) 100% (1/1) 0% (1/0)

Tropidophiidae 100% (1/1) 100% (1/1) 100% (1/1)

Typhlopidae 16.7% (6/1) 100% (1/1) 100% (1/1)

Viperidae 75% (28/21) 14.3% (21/3) 47.6% (21/10)

Total 43.9% (371/163) 30.7% (163/50) 58.9% (163/96)

would easier for stronger species (such as the 
constrictors) or those with small scales, which 
aNNoY more ƀeZibiNit[� 6Jis is in aIreement YitJ 
oWr findinIs� (or eZampNe� boids sWcJ as Python 
regius (Shaw, 1802) and Calabaria reinhardtii 
(Schlegel, 1851) (LFT pers. obs.) in the 
Neotropical (Table 2) and African regions are 
both thick-bodied snakes with smooth scales that 
display balling behavior. However, because both 
boids and tropidophiids are basal families where 
most members have thick bodies and smooth 
scales, the relative importance of these two traits 
to baNNinI beJavior is difficWNt to separate�

Considering the last review presented by 
)reene 
������ it is imperative to affirm tJat 
defensive behaviors of snakes are poorly 
documented and widely scattered in the literature, 
in need of a wide review, although this was not 
the scope of our study. A comprehensive review 
about balling and head hiding behaviors would 
complement our results, providing a broader 
dataset, which will allow a deeper understanding 

of the occurrence of defensive strategies among 
snakes and tracing accurately their evolution. 
However, negative results regarding the display 
of a behavior do not guarantee it is absent in the 
species, or other higher taxonomic levels (such 
as genus, tribe or family). Some snakes exhibit 
both behaviors, but the distribution of the 
occurrence of the displays among snake families 
is variable.

Mitchell (1978) hypothesized that balling is 
displayed by snakes inside holes or burrows, as 
it YoWNd be difficWNt to remove a baNN from an 
opening that was only large enough to allow a 
snake to enter. However, this does not seem to 
be the case of Neotropical snakes. All individuals 
were not in holes when displaying this behavior 
and many are arboreal species that do not occupy 
burrows. Most of our suggestions still need 
experimentation and corroboration, but they may 
provide a framework for future studies on 
defensive strategies, contributing to a better 
understanding of animal evolution.

Tozetti et al.
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Table 2. List of species observed in the present study that displayed the balling behavior or head hiding behavior.

Species Balling behavior Head hiding

Aniliidae

Anilius scytale (Linnaeus, 1758) X

Anomalepididae

Liotyphlops beui (Amaral, 1924) X X

Liotyphlops ternetzii (Boulenger, 1896) X

Boidae

Boa constrictor Linnaeus, 1758 X X

Corallus caninus (Linnaeus, 1758) X X

Corallus hortulana (Linnaeus, 1758) X X

Epicrates assisi Machado, 1945 X X

Epicrates cenchria (Linnaeus, 1758) X X

Epicrates crassus Cope, 1862 X X

Eunectes murinus (Linnaeus, 1758) X

Eunectes notaeus Cope, 1862 X X

Colubridae

Drymarchon corais (Boie, 1827) X

Simophis rhinostoma (Schlegel, 1837) X

Spilotes pullatus (Linnaeus, 1758) X

Tantilla melanocephala (Linnaeus, 1758) X

Dipsadidae

Atractus pantostictus Fernandes and Puorto, 1993 X

Atractus paraguayensis Werner, 1924 X

Atractus reticulatus (Boulenger, 1885) X X

Atractus snethlageae Cunha and Nascimento, 1983 X

Boiruna maculata (Boulenger, 1896) X X

Clelia clelia (Daudin, 1803) X

Clelia plumbea (Wied-Neuwied, 1820) X X

Dipsas albifrons (Sauvage, 1884) X X

Dipsas alternans (Fischer, 1885) X X

Dipsas bucephala (Shaw, 1802) X X

Dipsas catesbyi (Sentzen, 1796) X X

Dipsas indica Laurenti, 1768 X

Dipsas mikanii (Schlegel, 1837) X X

Dipsas neuwiedi (Ihering, 1911) X X
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Species Balling behavior Head hiding

Dipsas variegata (Duméril, Bibrón, and Duméril, 1854) X X

Dipsas petersi Hoge and Romano-Hoge, 1975 X X

Dipsas turgida Cope, 1868 X

Dipsas ventrimaculata (Boulenger, 1885) X X

Echinanthera cephalostriata Di-Bernardo, 1996 X

Echinanthera cyanopleura (Cope, 1885) X

Erythrolamprus aesculapii (Linnaeus, 1758) X

Gomesophis brasiliensis (Gomes, 1918) X X

Helicops angulatus (Linnaeus, 1758) X

Helicops carinicaudus (Wied-Neuwied, 1824) X X

Helicops infrataeniatus Jan, 1865 X X

Helicops leopardinus (Schlegel, 1837) X X

Helicops polylepis Günther, 1861 X

Imantodes cenchoa (Linnaeus, 1758) X X

Leptodeira annulata (Linnaeus, 1758) X X

Erythrolamprus almadensis (Wagler, 1824) X

Erythrolamprus atraventer (Dixon and Thomas, 1985) X

Erythrolamprus frenatus (Werner, 1909) X X

Erythrolamprus jaegeri (Günther, 1858) X X

Erythrolamprus miliaris (Linnaeus, 1758) X

Erythrolamprus poecilogyrus (Wied-Neuwied, 1824) X

Erythrolamprus reginae (Linnaeus, 1758) X

Mussurana bicolor (Peracca, 1904) X

Mussurana montana Franco, Marques, and Puorto, 1997 X

Mussurana quimi Franco, Marques, and Puorto, 1997 X

Oxyrhopus clathratus Duméril, Bibrón, and Duméril, 1854 X X

Oxyrhopus formosus (Wied-Neuwied, 1820) X

Oxyrhopus guibei Hoge and Romano, 1977 X

Oxyrhopus melanogenys (Tschudi, 1845) X

Oxyrhopus petolarius (Linnaeus, 1758) X

Oxyrhopus rhombifer Duméril, Bibrón, and Duméril, 1854 X X

Oxyrhopus trigeminus Duméril, Bibrón, and Duméril, 1854 X

Paraphimophis rusticus (Cope, 1878) X X

Philodryas aestiva Duméril, Bibrón, and Duméril, 1854 X X

Philodryas nattereri (Steindachner, 1870) X
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Species Balling behavior Head hiding

Philodryas olfersii (Lichtenstein, 1823) X

Phimophis guerini (Duméril, Bibrón, and Duméril, 1854) X

Pseudoboa coronata Schneider, 1801 X

Pseudoboa haasi (Boettger, 1905) X X

Pseudoboa nigra (Duméril, Bibrón, and Duméril, 1854) X

Pseudoeryx plicatilis (Linnaeus, 1758) X

Psomophis joberti (Sauvage, 1884) X

Psomophis obtusus (Cope, 1863) X

Psomophis sp. X

Ptychophis flavovirgatus Gomes, 1915 X X

Rhachidelus brazili Boulenger, 1908 X X

Sibon nebulatus (Linnaeus, 1758) X

Siphlophis cervinus (Laurenti, 1768) X X

Siphlophis compressus (Daudin, 1803) X X

Siphlophis pulcher (Raddi, 1820) X X

Siphlophis worontzowi (Prado, 1940) X

Sordellina punctata (Peters, 1880) X

Taeniophallus bilineatus (Fischer, 1885) X X

Taeniophallus occipitalis (Jan, 1863) X

Thamnodynastes hypoconia (Cope, 1860) X

Thamnodynastes strigatus (Günther, 1858) X

Tomodon dorsatus Duméril, Bibrón, and Duméril, 1854 X X

Tropidodryas serra (Schlegel, 1837) X

Tropidodryas striaticeps (Cope, 1870) X

Xenodon dorbignyi (Bibrón, 1854) X

Xenodon guentheri Boulenger, 1894 X

Xenodon matogrossensis (Scrocchi and Cruz, 1993) X

Xenodon neuwiedii Günther, 1863 X

Xenopholis scalaris (Wucherer, 1861) X

Xenopholis undulatus (Jensen, 1900) X

Elapidae

Micrurus altirostris (Cope, 1860) X

Micrurus corallinus (Merrem, 1820) X

Micrurus decoratus (Jan, 1858) X

Micrurus ibiboboca (Merrem, 1820) X
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