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Abstract: Anti-predator mechanisms in snakes are diverse and complex, including mimetic behavior. Some snakes
triangulate their head, probably mimicking other more dangerous snakes. However, there is a lack of studies that
demonstrate the effectiveness of this behavior with natural predators. The aim of this study was to verify, using
artificial snakes, if snakes with triangular heads are less susceptible to attack by predators, and if predatory attack
is targeted to the head of serpents. Artificial snakes were systematically arranged on a road border. The rate of
attacked models was 48.71%. Number of attacks on models with rounded head was significantly higher than in
models with triangular head. There was a significant difference between the places of attack on the snakes in
relation to different head shapes. Therefore, snakes that have head triangulation may be a less frequent target of
attacks by predators than those without such behavior.
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Resumo: Mecanismos anti-predacdo em serpentes sdo diversos e complexos, incluindo comportamentos miméticos.
Algumas serpentes triangulam a cabeca, possivelmente mimetizando outras serpentes mais perigosas. No entanto,
s30 escassos os estudos demonstrando a eficiéncia deste comportamento frente a predadores naturais. O objetivo
deste estudo foi verificar, utilizando serpentes artificiais, se os individuos com cabega triangular sdo menos
suscetiveis ao ataque de predadores e, se o ataque predatorio ¢ direcionado a cabega das serpentes. Serpentes
artificiais foram dispostas sistematicamente na margem de uma estrada. A taxa de modelos atacados foi 48,71%.
O namero de ataques em modelos de cabega arredondada foi significativamente maior do que nos modelos com
cabega triangular. Houve diferenca significativa entre as partes atacadas nas serpentes quando comparados aos
diferentes formatos de cabecga. Portanto, as serpentes que possuem triangulagdo da cabega podem ser um alvo
menos frequente de ataques por predadores do que as que ndo possuem esse tipo de comportamento.
Palavras-chave: modelos artificiais, comportamento defensivo, mimetismo, taxa de predagdo, répteis.
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Introduction

Species’ ability to defend themselves from a predator is
intrinsically associated to their survival, increasing ability to
explore the environment as well as to obtain resources (Lima &
Dill 1990, Downes 2001). Reptiles exhibit extremely diverse anti-
predator mechanisms, including cryptic coloration and behavior,
mimicry, aposematism and also several ways to intimidate attackers
(Pough et al. 2004). Many of these anti-predator mechanisms are
assumed to be a visual intimidation for predators (Tozetti et al.
2009). Snakes are interesting models for defense mechanisms
studies because besides having developed defensive behaviors, they
are potential prey for many animals such as mammals, birds, other
reptiles and invertebrates (Greene 1988).

Capacity of head triangulation is one of many tactics of defense.
This ability can be observed in some species of Dipsas, which
associated with coloration make them mimetic of Bothrops jararaca, a
Viperidae snake widely distributed in Brazil (Tozetti et al. 2009). The
mimetic behaviors displayed by these snakes, head triangulation and
threatening posture, are known for many species of Colubrid snakes
(Marques et al. 2001a), however, there are controversial data in studies
showing their effectiveness against natural predators (Guimaraes &
Sawaya 2012, Valkonen & Mappes 2012).

Artificial models have been used in several studies as a tool to
test anti-predation responses, for example fishes (Kelley & Magurran
2003), amphibians (Saporito et al. 2007), birds (Gottfried 1979,
Gottfried et al. 1985), lizards (Leal & Rodriguez-Robles 1997),
mammals (Barros et al. 2002, Vignieri et al. 2010) and particularly
snakes (Brodie & Janzen 1995, Wilgers & Horne 2007, Niskanen
& Mappes 2005, Guimardes & Sawaya 2011). Thus, using artificial
snakes for studies with mimetic behavior and natural enemies’
response seems to be an interesting, valid and effective method.

Therefore, the aim of this study was to verify, through an
experiment using artificial snakes, if snakes with triangular head
are less susceptible to attack by predators, and if predatory attack is
targeted at the snake’s head. Guimaraes & Sawaya (2011) conducted
a similar experiment which had negative results related to the
effectiveness of having a triangular head. However, these results
were contested by Valkonen & Mappes (2012). Our hypotheses are:
(1) snakes with triangular head suffer less predation pressure; (2) as
the snake’s head is an important target, the head has higher attack
rate (Langkilde et al. 2004, Niskanen & Mappes 2005); and (3)
snakes with triangular head, supposedly to intimidate visual predators
(Tozetti et al. 2009), suffer higher attack rate on the head than on
other parts of the body, setting up more accurate attacks.

Materials and Methods

This study was performed at Research and Nature Conservation
Center Pr6-Mata (CPCN Pro-Mata) located in Araucaria Plateau, at
approximately 900 m elevation (29° 27° S and 50° 08* W), in Rio
Grande do Sul State, Brazil. The experiment was conducted in an
area characterized by a mosaic of grasslands and Araucaria forest in
different successional stages.

The experiment was conducted on January 2011 and consisted of
80 artificial snake models made of non-toxic modeling plasticine, 40
triangular head and 40 round head. Artificial models measured about
20 cm long and 1 cm wide, grayish color (Figure 1a, b). The coloration
and size was similar to the color pattern of species commonly found
in the region (e.g. Liophis poecilogyrus or juveniles of Philodryas
patagoniensis, Di-Bernardo 1998). Snake models were disposed on
a margin of a country road every 20 m following a sequence of 10
round models and 10 triangular models. There were four sections of
400 m by 500 m apart to ensure both autonomy between samples and
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spatial homogeneity of the surrounding vegetation. The models were
exposed for 17 hours, overnight, and collected the next morning. In
field, each model was analyzed for attack presence, number of attacks,
part of the model that suffered the attack (head or other parts of the
body) and type of attack.

Data analysis was performed in the program Past (Hammer et al.
2001) using Chi-square test (o = 0.05) to compare proportion of
attacks on triangular and round head snakes models and proportion of
attacks in the head and body between the two kinds of snake models.

Results

From the 80 snake models, one of each treatment was excluded
from analysis because they were damaged by human activities. A total
of 38 (48.71%) models were attacked. A significant higher number
of attacks was deferred on round head models (25 attacks) than on
triangular head models (13 attacks) (y*> = 14.40, df = 1, p < 0.001).

The number of attacks differed significantly between the head
(12 attacks) and other parts of the body (31 attacks) (y*=89.82, df=1,
»=<0.001). Five models were attacked both in the head and other parts
of the body. The difference between the part of the model attacked in
relation to the shape of the head was significant (3> = 12.64, df =1,
p<0.001, Figure 2).

The types of attacks suffered by the artificial snakes were pecking
and scratching (Figures 1c-e). Some of the models were broken and
lacerated, including some missing tails. However, it was not possible
to identify the predators through the attack imprints.

Discussion

Approximately half of artificial snakes were attacked, showing
effectiveness of this technique to test the hypotheses of this study.
Artificial snakes were successfully used in other studies, for example
Wilgers & Horne (2007) investigated predation of artificial snakes in
burned environments, Brodie & Janzen (1995) observed avoidance
by avian predators of bicolor ringed pattern in snakes and Guimaraes
& Sawaya (2011) also tested the predation of triangular head shape
snakes.

The hypothesis that lower predation rates occur on snakes with
triangular heads was corroborated. A different result was found by
Guimaraes & Sawaya (2011), in whose study the head shape seemed
not to confer advantage. These differences between studies may
result from the different ecosystems where they were conducted.
Head triangulation behavior, recurrently shown in the literature
(Tozetti et al. 2009, Marques et al. 2001a), seems to be an effective
strategy that results in a higher survival rate. Lower predations rates
are also shown in other mimetic systems. For example, mimics of
the coral snake Micrurus nigrocinctus are often less attacked than
non-mimics (Brodie 1993).

Contrary to our prediction, the snake head was not an important
target, presenting lower attack rates than other parts of the body in
both types of models. Rodrigues (2005) reports predator preference for
attacking the snake tails, however this was not evaluated in this study.
Although attacks frequency was greater in other parts of the body
than head, our experiment may have favored opportunistic animals,
which may not tactically attack the head (Brodie 1993, Buasso et al.
2006). At our study site, there are records of several snakes’ potential
predators, including large and medium-size mammals, such as ocelots
(Leopardus pardalis), wild cats (Leopardus tigrinus) and crab-eating
foxes (Cerdocyon thous), small mammals (Marques et al. 2001b) and
birds of prey (Fontana et al. 2008). Since it was not possible to identify
the predators through the marks left, future work using camera traps
would be useful to identify if predatory attack being directed to the
snake’s head is related to a specific type of predator.
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Figure 1. Artificial snake models in field: a) round head, b) triangular head. Examples of attacks: c) scratches in the head, d) scratches in

body, e) pecking in the head.
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Figura 1. Modelos artificiais de serpente em campo: a) cabega arredondada, b) cabega triangular. Exemplos de ataques: ¢) arranhdes na cabega, d) arranhdes

no corpo, ¢) bicadas na cabeca.
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Figure 2. Number of artificial snake models attacked of triangular and round
head divided in head and other parts of the body (p < 0.001).

Figura 2. Numero de modelos artificiais de serpentes atacadas de cabeca
triangular e arredondada divididos em cabega e corpo (p < 0.001).
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The use of plasticine models was in general effective to test
our hypotheses, but results may be interpreted with caution to
avoid eventual bias. First, the use of artificial snake models may
have favored diurnal predators, which locate their prey visually, as
opposed to nocturnal predators, which use their olfactory system to
locate prey. Moreover, the fact that artificial models are static may
contribute to high incidences of attacks since there was no defensive
behavior to inhibit them. Also aerial predators identify their prey
visually by motion, so stationary artificial snakes would decrease
detection by these predators (Wilgers & Horne 2007), reducing the
effect of such bias.

Despite of the importance of a set of defensive mechanisms or
behaviors (Guimaraes & Sawaya 2011), triangular shape of the head
seems to be useful to prevent predation. Our data showed that snakes
with triangular head are less frequent targets than the ones with round
head. Then, such mimic behavior could avoid predator attacks. The
results of this study using artificial snake models are expected to
be used as basis for future studies about predator-prey interactions.
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