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Chemical recognition in a snake–lizard predator–prey system
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Abstract In a predator–prey interaction, the fitnesses of the
predator and the prey depend on their abilities to recognize
each other, a process that may involve different sensory mo-
dalities. Squamate reptiles are highly dependent on chemical
senses for such recognition, and here we explored the ability
of a generalist saurophagous snake, Philodryas chamissonis,
to discriminate scents of two congeneric and sympatric lizard
prey species, Liolaemus nitidus and L. chiliensis. A generalist
saurophagous snake might just be sensitive to lizard scents in
general, and if so, no discrimination between prey species is
expected. However, these lizards use different substrates;
L. nitidus basks on rocks, whereas L. chiliensis mainly basks
on bushes and rarely on ground. The snake P. chamissonis
basks on ground and rocks, and rarely on bushes. Therefore, if
the rate of encounter affects the ability to recognize prey, we
predict that P. chamissonis would show prey discrimination
because scents of L. chiliensis may be encountered less fre-
quently in its habitat. Results showed that the snake had a
refined discrimination of lizard prey, reducing tongue flick
rate and movements in response to scents from the common
prey scents, L. nitidus. We also studied the ability of
L. chiliensis to detect the snake and found that snake scents
triggered a reduction in activity. The potential infrequent
encounter between predator and prey may explain the asym-
metric predator–prey recognition, as can be predicted from the
“life-dinner” principle.
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Introduction

The fitnesses of predators and prey are intimately linked to
their abilities to recognize each other; a predator needs to
recognize its prey to be able to catch and eat it, while the prey
needs to recognize the predator to maximize its possibilities to
escape being detected and eaten (e.g., Davies et al. 2012).
Animals use one or many sensory modalities to achieve this
recognition (Bradbury and Vehrencamp 2011), and squamate
reptiles are well known for their dependence on chemical
senses for these assessments (Kats and Dill 1998; Mason
and Parker 2010). For example, lizards exhibit antipredator
behaviors in the presence of predator scents (Dial and
Schwenk 1996; Amo et al. 2004b) and can discriminate
between scents of species of a taxon (e.g., snakes) that pose
different levels of threat, i.e., predators vs. non-predators (Dial
and Schwenk 1996; Balderas-Valdivia and Ramírez-Bautista
2005; Durand et al. 2012). However, some species exhibit a
generalized response to a predator taxon independent of the
threat level imposed by the different species (Webb et al.
2009; Webb et al. 2010). This may be because a close phylo-
genetic relationship among the potential predators may deter-
mine similarities in their scent profiles (Balderas-Valdivia and
Ramírez-Bautista 2005).

The ability of snakes to discriminate scents from different
taxa of prey (e.g., mammals, amphibians, spiders, insects) has
been extensively documented. This discrimination usually
correlates with species feeding ecology (e.g., Burghardt
1967; Bevelander et al. 2006; Weaver et al. 2012), and gener-
alist snakes show less precise discrimination (Greenbaum
2004). Prey chemical discrimination can also have an
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ontogenetic component due to constraints on the ability to
catch and ingest different prey (e.g., Saviola et al. 2012;
Saviola et al. 2013) or show geographic variation due to
differences in the availability of the preferred prey (e.g.,
Arnold 1992; Cooper et al. 2000). Much less is known,
however, about fine-tuned prey discrimination in snakes, i.e.,
ability to discriminate among prey of a taxon with similar
scent profiles. Studies with the viper Crotalus viridis viridis
showed that this species discriminated scents from diverse
prey species of rodents and lizards, although from different
genera (Saviola et al. 2012; Saviola et al. 2013). A finer
discrimination was found in the colubrid Coluber constrictor,
which distinguished between two congeneric lizard species,
although one of themwas allopatric to the snake (Cooper et al.
2000). Here we tested the ability of the colubrid snake
Philodryas chamissonis (Dipsadidae) to discriminate chemi-
cal scents of two congeneric and sympatric lizard species.

Philodryas chamissonis is an endemic species from central
Chile that consumes different tetrapod species, but mainly
lizards (Greene and Jaksic 1992; Escobar and Vukasovic
2003; Sepulveda et al. 2006; Lobos et al. 2009; Muñoz-Leal
et al. 2013). Therefore, P. chamissonis can be considered a
generalist saurophagous snake, which would benefit from
responding to any lizard scent. We tested its ability to discrim-
inate scents of two sympatric Liolaemus (Liolemidae) prey,
L. nitidus and L. chiliensis, which share similarities in the
chemical profiles in at least one pheromone source (Escobar
et al. 2001), a condition that could make it hard for the
predator to discriminate between them. However, these lizards
are not syntopic; L. nitidus, as most Liolaemus species from
central Chile, basks on rocks, whereas L. chiliensis basks on
bush branches and secondarily on the ground below the
bushes. The snake, P. chamissonis, basks on open ground
and rocks (Mella 2005) and rarely on bushes, which suggests
a low frequency of encounter with L. chiliensis. Furthermore,
it may be hard for P. chamissonis to track scents deposited on
bushes, which would result in that L. chiliensis scents may be
rarely encountered. Here we test whether P. chamissonis acts
as a generalist saurophagous snake showing not discrimina-
tion between the presumed rare and common prey or if its
chemical recognition system has evolved to show a stronger
response to the more commonly encountered prey under
natural conditions.

The ability of some Liolaemus species to respond to
P. chamissonis scents has been tested before, and in general,
snake scents induce a reduction of activity, which presumably
minimizes the possibility of being detected. In addition, spe-
cies like L. nitidus, exhibit antipredator displays, such as tail
movements (Labra and Niemeyer 2004; Troncoso-Palacios
and Labra 2012), which may act to deflect the predator’s
attention to the autotomizable tail (Telemeco et al. 2011).
However, the extent to which antipredator behaviors are ex-
hibited is modulated by the actual predation risk experienced

under field conditions (Labra and Niemeyer 2004). Therefore,
because L. chiliensis and P. chamissonis rarely bask in the
same microhabitat, L. chiliensis might not perceive predation
risk associated to the snake scents. However, even if the
natural predation risk is low, L. chiliensis can be part of the
snake’s diet (Greene and Jaksic 1992), and it may expect that
it keeps the ability to respond to P. chamissonis scents. Here,
we also studied the response of L. chiliensis to the scents of
this snake.

Materials and methods

During the spring–summer of 2010–2011, we captured ten
adult males of L. chiliensis (mean snout–vent length (SVL)
74.51, standard deviation (SD) 9.42 mm) at Melipilla (33° 41
S 71° 13 W) and nine (not sexed) individuals of
P. chamissonis (mean SVL 150.94, SD 23.13 cm) at different
localities in central Chile, but far away (>200 km) from
Melipilla. In addition, we collected four adult males of
L. nitidus (mean SVL 80.12, SD 4.70 mm) at El Tabo (33°
29′ S, 71° 37′W). Lizards and snakes were transported to the
laboratory and placed in separate indoor vivaria with contin-
uous ventilation and conditions mimicking those recorded in
the field during normal hot days: 13:11 light–dark cycle with
temperatures ranging between 12 and 33 °C provided by
halogen lights. All reptiles were housed individually in plastic
enclosures (44.5×32×25 cm) with a front window (10×5 cm)
of plastic mesh, covered with hermetic lids partially replaced
by a plastic mesh. Enclosures contained a pot for water, an
inverted tile used for shelter and as a basking place, a wooden
stick for use as a perch, and a 3-cm-deep sand layer on the
floor. Water was provided ad libitum, and lizards were fed
with mealworms dusted with vitamins (SERA reptimineral C)
three times per week, whereas snakes were fed with newborn
mice once a week. Reptiles were left undisturbed in their
enclosures (except for the feeding) for at least 1 week before
any trial, to allow habituation to the experimental enclosures
and to release scents, because enclosures were used as
substrate-borne scents. At the end of the experiments, all
individuals were returned in healthy condition to their
georeferenced collecting points.

General experimental design

We followed an established protocol (Labra and Niemeyer
2004; Troncoso-Palacios and Labra 2012). Briefly, the tested
individual was removed from its enclosure and held in a cloth
bag for 10 min on top of its own enclosure to reduce handling-
associated stress (Labra 2011). Thereafter, the bag was moved
to the experimental area where we opened it carefully,
allowing the animal to move freely into the experimental
enclosure. Once the animal was inside, the bag was removed
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and the enclosure was covered with a sheet of glass (37×
30 cm) that replaced the plastic lid during the trial. The glass
was cleaned with ethanol (95 %) after each trial to remove any
chemical traces of the tested individual, which may affect the
behavior of the next tested individual. Reptiles were tested
individually in a partially counterbalanced design in different
treatments (enclosures), only once in each, unless we needed
to repeat a treatment. Before using the enclosure of a scent-
donor individual, the occupant was removed together with the
water container, the stick, and the refuge. We filmed the
behavior of the tested individual using a video camera
Panasonic HDC-TM20 camcorder (Panasonic, Kadoma, Ja-
pan) installed 60 cm over the experimental enclosure. Because
body temperature may affect antipredator behaviors (Amo
et al. 2004b), at the end of each trial, we measured the cloacal
temperature of the tested individual. If the temperatures were
not close (±2 °C) to the preferred body temperature of the
species, the trial was discarded and repeated another day. This
ensured that records were not biased due to differences in
body temperatures. After the trial, the individuals (tested and
scent-donor) were returned to their enclosures and kept undis-
turbed for at least 3 to 4 days before a new trial. Clean gloves
were used for each trial to avoid cross contamination.

Specific design for Philodryas chamissonis

To standardize for hunger effects, snakes were unfed for
1 week prior to the experiments. Snakes were tested in
enclosures of (1) L. chiliensis, (2) L. nitidus, or (3) odor-
less control, an unused enclosure with clean sand. The
selected scent-donor weighted around 10 % of the snake’s
weight, which is within the range of reported prey/
predator mass ratios for this snake (4 to 19 %; Greene
and Jaksic 1992; Lobos et al. 2009). Using this protocol,
we avoided exposing snakes to unattractive prey, i.e., too
small or too big. Snakes were filmed for 5 min, and
filming started as soon as the investigator was out of the
visual range of the snake because snakes started to ex-
plore as soon as they were out of the bag. At the end of
the trial, we checked that their cloacal temperatures were
close to the species preferred value (~29 °C; Bozinovic
and Rosenmann 1988).

Specific design for Liolaemus chiliensis

Lizards were tested in the enclosures of (1) conspecific, (2)
own: the enclosure of the tested lizard, (3) snake, and (4)
odorless control: an unused enclosure with clean sand. We
investigated for the ability to discriminate conspecific and
own scents to ensure that L. chiliensis can distinguish relevant
scents from its own species, like several other Liolaemus
species have been shown to do (Labra 2008). After we left
the individual in the experimental enclosure, we recordedwith

a stopwatch the latency to the first tongue flick (e.g., time
elapsed from the lizard was introduced in the enclosure until
its first tongue flick; minutes). Thereafter, the lizard behavior
was filmed for 10 min. At the end of the trial, we checked that
their cloacal temperatures were close to the species preferred
value (~35 °C; Labra et al. 2009).

Reptile enclosures were used as substrate-borne scents as
follows: those of L. chiliensis were used twice, once with a
conspecific and the other with a snake. Most enclosures of
L. nitidus were used twice, except one that needed to be used
three times. Snake enclosures were used once, except for one
that was used twice. To ensure that enclosures had the donor-
scents required for each treatment, and not from a previously
tested individual, the scent-donor was kept undisturbed (ex-
cept for the feeding) in its enclosure for at least 4 days before
use its enclosure. This was done even if it has been shown that
10 min is not long enough for lizards to leave traces that other
individuals can detect (Labra and Niemeyer 1999). For those
experiments in which snakes were tested, it is unlikely that
they could leave a significant amount of scents in the 5 min of
experimentation, considering that in experiments in which
snake scents are collected, individuals are usually allowed to
mark surfaces for at least 24 h (e.g., Webb et al. 2009;
Durand et al. 2012). In addition, one important snake scent
source is the malodorous secretions from the cloacal
glands, which are released when snakes are disturbed (Ma-
son and Parker 2010). During our experiments, snakes
were treated carefully, and they never released these secre-
tions while they were placed in or out the tested enclosure.
Finally, although snakes also release volatile compounds
(Shine and Mason 2012), it is unlikely that these would be
detectable after more than 4 days.

Data analyses

From the videos, we determined the number of tongue flicks,
i.e., number of times that the individual protruded and rapidly
retracted the tongue, and the total motion time (seconds), i.e.,
the total time that the individual moved, including adjustments
of body posture, head movements, and displacements of the
body.

To determine the effects of the treatments (scents)
upon latency to the first tongue flicks, number of tongue
flicks, and motion time, we used a general linear model
with repeated measurement, followed by post hoc Fisher
LSD’s test.

Results

Philodryas chamissonis: Scents significantly affected the
number of tongue flicks (F(2,14)=4.75; p=0.024) and the total
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time in motion (F(2,14)=4.25; p=0.033). Snakes tongue
flicked (Fig. 1a) and moved less (Fig. 1b) in the presence of
L. nitidus scents than in the presence of L. chiliensis scents and
in the odorless control condition. No difference was found
between the latter two treatments.

Liolaemus chiliensis: Latency to the first tongue flick was
not affected by the type of scents (F(3,27)=0.99; p=0.41),
and its average value was 4.24±(SE) 0.51 min. Scents,
however, did affect the number of tongue flicks (F(3,27)=
4.21; p=0.014); lizards tongue flicked more in the conspe-
cific enclosure than in any other type of enclosure
(Fig. 2a). The total motion time was also affected by the
type of scents (F(3,27)=5.66; p=0.004); lizards moved sig-
nificantly less in enclosures with snake scents than with
any other type of scents (Fig. 2b). The snake enclosure was
the only treatment in which lizards (n=4) exhibited slow
motion (very slow and stalking movements; Labra and
Niemeyer 2004) and climbed the window fence (n=4).
The latter, however, was observed once in the odorless
control treatment.

Discussion

The saurophagous snake discriminated between congeneric
lizard prey, showing less exploratory behavior (i.e., number of
tongue flicks and motion time) in the presence of L. nitidus
scents. This discrimination occurred even though the lizard
species share some similarities in their scent profiles (Escobar
et al. 2001). It is puzzling that P. chamissonis exhibits this
fine-tuned response to lizard scents when it seems it would be
advantageous to react to any lizard scent, and particularly to
any Liolaemus scent (Escobar et al. 2001) because this genus
is highly diverse and abundant in Chile (Vidal and Labra
2008). In fact, P. chamissonis can live in sympatry with up
to seven Liolaemus species (Mella 2005). Possibly,
P. chamissonis has an innate ability to react to lizard scents,
which may be modulated by experience during ontogeny
(Burghardt 1967; Clark 2004a), such as the rate of encounter
with prey. Then, because P. chamissonis may encounter
L. chiliensis at low frequency, the scents of this lizard may
constitute a relatively novel stimulus for the snake. For

Fig. 1 Mean (+SE) response of Philodryas chamissonis to the three
chemical stimuli: scents of Liolaemus nitidus, Liolaemus chiliensis, and
an odorless control condition. a Number of tongue flicks. b Total motion
time (seconds)

Fig. 2 Mean (+SE) response of Liolaemus chiliensis to four chemical
stimuli: scents of a conspecific, own (from the tested individual),
Philodryas chamissonis, and an odorless control condition. a Number
of tongue flicks. b Total motion time (seconds)
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example, it has been argued that Coluber constrictor distin-
guished between two congeneric lizard species because one of
these was allopatric, and its scents were novel (Cooper et al.
2000). The novelty of L. chiliensis scents is supported by the
similar response that P. chamissonis had with these scents and
the odorless control condition (i.e., more tongue flicks and
movements). We doubt, however, that P. chamissonis cannot
discriminate between these two novel conditions. Most prob-
ably, complementary behavioral tests may detect discrimina-
tion between these novel chemical environments, such as
exposing snakes to scent-impregnated models that can be
bitten (e.g., cotton swabs; Cooper et al. 2000).

Philodryas chamissonis is an ambush predator; when
confronted with a prey, it usually remains motionless and
attacks when the prey moves (personal observations). Thus,
P. chamissonis may first detect the prey by chemical scents
and then use visual information (movements) to attack it, as
has been reported for other ambush forager snakes, which
typically stop moving in the presence of prey scents (Clark
2004b; Du et al. 2009). Therefore, it is expected that
P. chamissonis decreases its general activity when it detects
scents of the common prey, L. nitidus. This result also indi-
cates that the snake species not always exhibits less explora-
tion in the presence of the less preferred prey (e.g., Burghardt
1967) or with novel stimuli (e.g., Amo et al. 2004a). The
variation across species may reflect differences in the snake
efficiency in chemical recognition (e.g., Mori and Hasegawa
1999) or in the strategy to get the information. Alternatively,
how the prey scents are presented (cotton swab vs. substrate-
borne scents) may determine the different responses to prey
scents. Finally, because this is the first study on the ability of a
Philodryas species to discriminate prey, it is unclear if conge-
neric species have a similar fine-tuned discrimination or if
they would respond by reducing the exploration when
confronted with the prey scents.

The lizard species studied here, L. chiliensis, recognized
the snake scents, displaying a reduction of activity when
confronted with these scents, a behavior that was not associ-
ated with a reduction in the display of tongue flicks, as in other
Liolaemus species (Labra and Niemeyer 2004). By reducing
their movements, prey increase the possibility of going unde-
tected by a snake in the neighborhood, as judged by fresh
scents (Labra and Niemeyer 2004; Troncoso-Palacios and
Labra 2012). Because P. chamissonis usually attacks moving
prey, remaining immobile increases the lizard’s survival prob-
abilities (Cooper et al. 2000; Downes 2002). Interestingly,
snake scents triggered slow motion in L. chiliensis, a behavior
that makes it hard to track the lizard (Downes and Adams
2001; Labra and Niemeyer 2004). Additionally, these scents
triggered escape behaviors in the form of climbing the fence of
the window (e.g. Cisterne et al. 2014).

A variety of antipredator displays are exhibited by lizards
when they are confronted with snake scents (e.g., tail

movement, foot shake; Mori and Hasegawa 1999; Van
Damme and Quick 2001), and in Liolaemus species, head
bobs and tail movements have also been observed (Labra
and Niemeyer 2004; Troncoso-Palacios and Labra 2012).
Liolaemus chiliensis did not exhibit any of these displays,
which may be a consequence of two not mutually exclusive
factors. On one hand, L. chiliensis may perceive a low preda-
tion risk in snake scents because predator–prey encounters
would occur relatively in a low frequency. Alternatively, the
low exhibition of visual displays may reflect that this lizard
inhabits bushes where visibility may be restricted. In fact,
visual constraint has been proposed as a selective pressure
involved in the evolution of distress calls in this species,
which may act to warn conspecifics of predation risk in
conditions where it is difficult to see the predator (Hoare and
Labra 2013).

A previous study has indirectly shown the ability of
L. chiliensis to discriminate conspecific scents; individuals
were more reactive to acoustic stimuli when these were
associated with conspecific scents than in an odorless
control environment (Hoare and Labra 2013). Here, we
confirm that L. chiliensis recognizes conspecifics, but we
did not find clear evidence of chemical self-recognition
(e.g., reduced tongue flicking confronted with their own
scents, as compared to any other scent), like in all
Liolaemus species tested before (Labra 2008; Aguilar
et al. 2009; Troncoso-Palacios and Labra 2012). We doubt
that L. chiliensis cannot discriminate between their own
scents and an odorless control condition, and probably
complementary behavioral tests will reveal discrimination
between these two conditions, e.g., selection of retreat sites
with own scent vs. odorless condition (Amo et al. 2004b).
However, L. chiliensis seems to not have the same abilities
of other Liolaemus species to discriminate scents, poten-
tially a consequence of the microhabitat uses (bushes),
where scents are not easily delivered and trailed.

In closing, we propose that the low overlap in the
substrate used by P. chamissonis and L. chiliensis, at least
during their basking activity, may cause in the snake to
show less chemical recognition of this relatively uncom-
mon prey. In addition, P. chamissonis typically coexists
with several potential lizard prey species (Mella 2005),
which may have led to a selective detection of familiar
prey to avoid wasting time searching for difficult prey.
Contrarily, it would be expected that the snake responded
equally to scents of both lizard species. On the other hand,
even if L. chiliensis may experience low predation by this
snake, the safest strategy to keep the battle of life is to
recognize snake scents and to display antipredator behav-
iors when exposed to these scents. We propose that in this
system predator–prey, the “life-dinner” principle is work-
ing (Dawkins and Krebs 1979); if the prey fails, it loses its
life. If the predator fails, it only loses a meal.
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