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Abstract. Three snake species of Europe, Coronella austriaca, Vipera berus and Vipera ammodytes differ in their foraging
strategy and ecological demands. This may lead to a difference in prey preference and feeding behavior, which is
genetically encoded. In this experiment we tested innate prey preference in the newborns of the three snake species.
Methods we used were developed by Burghardt (1966, 1967, 1969 and 1970). This is a non destructive method, using
skin extract of prey species. The intensity of snakes” reaction was measured by number of tongue flicks per time unit.
Naive newborns showed characteristic prey preference of their own species, but they do not reduce their preference
to one type of pray, which ensures their survival among changing environmental conditions. All three species
responded the least to noxious prey (Bombina variegata). Our results indicate that food preference of these species is
innate but plastic, which is in accordance with other findings.
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Introduction

Snakes rely on various senses to detect and capture
their prey depending on their foraging strategy
and food preference.

Some species (Crotalidae, Viperidae) apply the sit
and wait strategy and lie in ambush for prey.
These species in general have a stout body, move
relatively slow and their energetic needs are
reduced. Most of these species are venomous.
Other species (Colubridae) called by literature
active foragers, search actively for prey items.
They have relatively thin body, hunt for less active
prey and possess a larger territory (Grasse 1970,
Jaeger & Barnard 1981).

The success of a prey catching trial depends on
the quality and quantity of sensory information.
Crotalus and Boa species possess heat sensing
organs, which they use to make their bite more
accurate (Haverly 1996). Other species such as
Elaphe guttata, Lampropeltis getulus, and Python
regius may use thermal cues to capture food as
well (Austin 1998). Visual cues only complete the
information of chemical senses. In nocturnal
species, such as Boiga irregularis vision may prove
irrelevant in finding prey (Shivik 1998). Studies on
Vipera aspis showed that without using their eyes
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they find their prey more difficult. Elaphe species
rely mostly on visual stimuli when they prepare to
bite (Cock Bunning 1983).

Chemical sensitivity seems to be the most
important sense used by snakes in prey detection,
orientation, aggregation in hibernation sites and
sexual behavior.

The Jacobson organ consists of a pair of
olfactory receptors. Regarding its phylogeny, it
appeared in Batrachians. It is the most developed in
Sauria and Ophidia orders and regresses in
Crocodylia Baumann,
Wiedmann and Kahman showed snakes collect

and  Chelonia  orders.
molecules of prey items from the surface of
different substrates by the aid of their forked
tongue and transport it to the Jacobson organ
(Grasse 1970). The forked tongue allows snakes to
collect chemical information from two different
points and estimate the gradient of these molecules
on the two points. This way they directly follow
the path where molecules are the most abundant.
There are many studies that tested innate food
preference, senses involved in prey detection and
foraging behavior of newborn snakes (Burghardt
1966, 1967, 1968, 1969, 1970). Gordon Burghardt
(1968) was the first who predicted that different
snake species show different prey preference,
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which can be explained by adaptation to different
ecological constraints.

These experiments prove that food preference
is genetically determined and it can be a result of
natural selection and this way it explains the
evolution of snakes. By testing the food preference
of three Natrix species it came out that adaptation
to different environments contributes to different
prey preference. (1983) similarly
observed that Uromacer frenatus dorsalis react
differently to the odor of prey and non-prey
species, which is expressed by the number of
tongue flicks per time unit. A comparison of food
preference in newborns of three Crotalus species
however did not support this theory. The
newborns in this case reacted similarly to odours
from prey and non-prey species (Chiszar 1977). On
the contrary to this former experiment, even
within one species may appear a divergence in

Henderson

feeding behavior and preference if the populations
live among different ecological circumstances. This
fact was proved in Thammnophis sirtalis (Burghardt
1970). The aim of this study was to test and
compare the innate food preference of three
Romanian snake species, by using the method
invented by Burghardt (1968). These three species,
Coronella  austriaca, Vipera berus and Vipera
ammodytes present different foraging strategies and
they are adapted to different ecological conditions
as well. Coronella austriaca is non-venomous active
forager that lives near creeks, forest clearings.

Vipera berus and Vipera ammodytes are sit-and-
wait venomous predators, but the former has
larger ecological area and tolerates better lower
temperatures (Ghira 1998).

The majority of similar studies were carried out
in North-America, on species that are common
there (Thamnophis, Crotalus, Natrix).

In Europe there are very few studies dealing
with chemical sensitivity and prey preference of
newborn snakes. Regarding Vipera and Coronella
species this is the first experiment that provides
data of this kind.

Materials and methods

Subjects. We used 70 newborn naive snakes in this
experiment. There were 15 specimens of Coronella austriaca, 35
specimens of Vipera berus and 20 of Vipera ammodytes.
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The newborn snakes were isolated in plastic boxes, which
contained filter paper and a little water holder. The water was
changed daily. The boxes were numbered from 1 to 70. The
snakes were devided in 11 groups; out if which four groups
contained 7 specimens and the rest seven groups 6 specimens.
Each group contained at least 1 snake of each species. The
plastic boxes were kept under a constant temperature of 23-25
C° at daytime and 16-17 C° at night. This variation was needed
to activate digestive enzymes of the newborns. The plastic
boxes were constantly illuminated by artificial light among the
test periods to exclude visual stimulus during testing.

Experimental procedures. A technique to estimate prey
preference of snakes was developed by Burghardt (1966, 1967,
1969 and 1970). The response of snakes to chemical stimuli is
measured by the number of tongue flicks per unit time and by
time delay before striking if it occurs. The chemical stimulus is
the surface odor extract of potential prey, presented on a cotton
swab. Chemical stimuli in this experiment were the following;:
extracts of Lacerta vivipara, Rana ridibunda, Podarcis muralis, Mus
musculus, Lacerta agilis, Bombina wvariegate, Lacerta vivipara
carcass, pork, beef, distilled water and deodorant.

During the 11 experiment each subject was tested once for
each stimulus. The groups were assigned randomly to
experiments. Testing period lasted four days. The subjects were
presented the cotton swab for 30 seconds in a distance of 2 cm
from the subject. All experiments were recorded by a video
camera.

Data analyses. We used ANOVA to compare the responses
of the three snake species. Figures were made by Microsoft
Excel.

Results

The tongue flick response to chemical stimuli in
comparison with distilled water in Coronella
austriaca was the most frequent in case of Zootoca
vivipara (p= 0,000), Lacerta agilis (p=0,12), Podarcis
muralis (p= 0,19), Mus musculus (p= 0,19). Number
of tongue flicks was the lowest in case of
deodorant and extract of Bombina variegata (Figure
1). In Vipera berus the most frequent tongue flicks
were registered using the extract from Zootoca
vivipara carcass (p=0, 00001), followed by P. muralis
(p= 0,026), Z. vivipara (p= 0, 12), L. agilis (p=0, 13),
R. ridibunda (p= 0, 27), beef (p= 0, 38), pork (p=0,
47). Lowest values were obtained with B. variegata
extract and deodorant (Figure 2). In Vipera
ammodytes responsiveness was greatest when
using extract of M. musculus, but it was not
statistically significant. Less responsiveness was
observed to deodorant and distilled water (Figure
3).

The comparison of species activity shows that
the most reactive were specimens of C. austriaca,
followed by V. berus and V. ammodytes (Figure 4).
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Figure 1. Reaction of Coronella austriaca to the different extract types, measured by the mean number of tongue flicks per unit time.
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Figure 2. Reaction of Vipera berus to the different extract types, measured by the mean number of tongue flicks per unit time.

Discussion

On the basis of tongue flicks the three snake
species responded differently to the odors of prey
types, which proves that they possess innate
preference for a certain prey species. However
during the experiments there was no attack
directed to stimulus. One possible explanation is
that newborns did not have the mnecessary
motivation. Newborn snakes hold energy reserve
in their body that allows them to survive the first
winter. Another answer could be that they needed
visual stimulus as well to start their attack. From

the three species the most active during testing
was C. austriaca, then V. berus and V. ammodytes
showed the least activity. This is accordance with
our expectations, because C. austriaca is a typical
active forager that searches prey actively and has
high energetic needs.

On the are sit-and-wait
strategists; they move slowly and have lower
energetic needs and intake. We can state the fact
that newborns showed a preference typical for
their species. C. austriaca newborns reacted most
intensely to the extracts from L. vivipara, L. agilis, P.
muralis and mouse.

contrary vipers
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Figure 3. Reaction of Vipera ammodytes to the different extract

types, measured by the mean number of tongue flicks per unit

time.
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Figure 4. Comparison of species activity in relation with different extract types.

In natural environment lizards are the most
important prey for this species but they also
consume small mammalians (Dobenkov 1995). V.
berus specimens favored rather the extract from L.
vivipara carcass. This is not surprising, because this
species can be a scavenger and in natural
circumstances foraging on dead prey items
requires less energy, it can be the result of
adaptation to harsher environment (Ghira 1998).

V. ammodytes newborns showed the least
interest toward the stimulus. The
between tong flicks to distilled water and prey
extracts was not statistically significant. However
the frequency of tongue flicks was greatest in case
of mouse extract, which is the most common prey

difference
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of this snake species. Chiszar (1977) found similar
reactions in three Crotalus species.

In this experiment newborn snakes were not
fed before, they were experimentally naive so
these results indicate that they possess an innate
preference, which was formed by selection and
transmitted by genes. This fact ensures survival of
newborns and prevents them from interspecific
competition.

It is also true that these snake species do not
have a clear preference for a certain prey type.
Tested specimens reacted with higher rate of
tongue flicks to more than one prey species. This
plasticity in feeding allows them to survive among
changing environmental conditions.
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From the three species V. berus presented
considerable response to most prey types, which is
in concordance with its adaptability to various
conditions and temperatures, explaining its large
spread (Ghira 1998). Surprisingly V. berus and C.
austriaca presented tongue flicks of high frequency
to the odor of pork and beef (Fig. 1, 2). It is
probable that pork and beef contain molecules or
proteins that trigger the feeding behavior.

Snakes were interested the least in extracts of B.
variegata and deodorant. This behavior is normal in
case of B. variegata, because its skin excretes toxins
that give protection against predators. Snakes took
up a defensive posture when they were tested with
this substance. This supports the theory that
snakes are able to distinguish among harmful and
consumable prey species and this trait is also
genetically encoded. Regarding deodorant, it is
very possible that these macromolecules exerted a
negative effect on snakes. This study contributes to
a better understanding of snake behavior. It
supports the hypothesis that snakes have a
genetically determined prey preference formed by
natural selection as a consequence of adaptation to
different ecological conditions.
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