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Testing the predatory behaviour of Podarcis sicula (Reptilia:
Lacertidae) towards aposematic and non-aposematic preys

Teresa Bonacci'"", Gaetano Aloise!, Pietro Brandmayr!, Tullia Zetto Brandmayr!,

Massimo Capula®

Abstract. Food preferences and the effects of prey chemical repellents in the dietary behaviour of Podarcis sicula were tested
using four species of Carabid beetles as prey models. The goal of the study was to assess (i) the ability of P. sicula to recognize
insect preys provided with chemical repellents and aposematic colorations under laboratory conditions, and (ii) the importance
of chemical signals used by the prey model as antipredatory strategy. Preys used in this study were Brachinus sclopeta and
Anchomenus dorsalis (aposematic species) and Amara anthobia and A. aenea (non-aposematic species). Aposematic species
are characterized by warning color pattern and by production of chemical repellents, while non-aposematic ones do not.
Amara anthobia and A. aenea were attacked with high frequency by P. sicula, Brachinus sclopeta and Anchomenus dorsalis
with low frequency. Non-aposematic species were preyed more often than the aposematic ones. Brachinus sclopeta was
preyed after low latency, while Amara anthobia and A. aenea after long latency. Non-aposematic species were captured and
eaten without difficulty, while when B. sclopeta or A. dorsalis were captured, lizards always tossed their head and then rub

the snout on the soil, probably because of the unpalatability of aposematic preys.

Keywords: aposematism, Calabria (southern Italy), Carabid beetles, food preference, Podarcis sicula.

Most lizards are generalist predators and prey
upon insects and small vertebrates (Cooper and
Al-johany, 2002). Lizards are able to identify
food using both visual and chemical cues, but
little is known about the nature of chemicals to
which they respond and the chemical senses that
mediate these responses (Cooper et al., 2002).
Behavioural responses to certain types of food
chemicals by lizards were studied by Cooper
and Pérez-Mellado (2001a,b). Many lizards can
identify some chemicals in the prey by tongue-
flicking (Halpern, 1992; Cooper, 1994a,b). The
occurrence of innate responses to prey chem-
icals by lizards is well known in the mem-
bers of at least three families: Varanidae, An-
guidae, Scincidae (Burghardt, 1973; Von Achen
and Rakestraw, 1984; Garrett and Card, 1993).
The senses that mediate food chemical discrim-
ination by lizards are poorly know, but the ma-
jor candidates are vomerolfaction and gusta-

1 - Dipartimento di Ecologia, Universita della Calabria,
1-87036 Rende (CS), Italy

2 - Museo Civico di Zoologia, Via Aldrovandi 18, I-00197
Roma, Italy
*Corresponding author; e-mail: t.bonacci @unical.it

© Koninklijke Brill NV, Leiden, 2008.
Also available online - www.brill.nl/amre

tion. In particular, the vomerolfactory system
responds to large, non-volatile molecules sam-
pled by tongue-flicking (Halpern, 1992). In gen-
eral, active foragers lizards rely more on chem-
ical senses in detecting the prey than ambush
foragers do (Evans, 1961; Enders, 1975; Regal,
1978; Huey and Pianka, 1981; Simon, 1983).
Positive responses by lizards to food supply
were obtained towards proteins, lipids and car-
bohydrates (Wang et al., 1988). As an exam-
ple, the lacertid lizards Podarcis lilfordi and
Lacerta perspicillata positively responded to
sugar and sucrose supply (Cooper and Pérez-
Mellado, 2001a; Cooper et al., 2002), while the
supply of a mixture of lipids, pork fat and su-
crose elicited strong negative feeding responses
in both species. These lizards are able to dis-
criminate between odorous and odourless con-
trol substances and surface chemicals of preys
and plants given as food by lingually sam-
pling them (Cooper and Pérez-Mellado, 2001b).
Prey chemical discrimination was also pointed
out by Cooper and Hartdegen (2000) in Scin-
cella lateralis and Mabuya macularia (Scinci-
dae).
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Podarcis sicula is a diurnal lacertid lizard oc-
curring in Italy (mainland and islands), Sicily,
Sardinia, Corsica, in the coastal regions of
Slovenia and Croatia and in some parts of Mon-
tenegro (Corti and Lo Cascio, 2002). This lizard
can be considered as an active forager and a
generalist predator (Capula et al., 1993; Pérez-
Mellado and Corti, 1993). It preys on a wide
variety of invertebrates, mainly on arthropods
(Arachnidae, Insect larvae, Diptera, Coleoptera,
Heteroptera, Hymenoptera, Orthoptera, Gas-
tropoda), but occasionally small vertebrates can
also be preyed (Sorci, 1990; Capula et al., 1993;
Rugiero, 1994; Sicilia et al., 2001). In this study
the food preferences and the effects of prey
chemical repellents in the dietary behaviour of
P. sicula were tested using four species of Cara-
bid beetles (Insecta) as aposematic and chem-
ical protected and non-aposematic and unpro-
tected prey models. The goal of the study was to
assess the importance of chemical signals used
by the prey model as antipredatory strategy, and
the ability of P. sicula to recognize insect preys
provided with chemical repellents and apose-
matic colorations.

The lizards used in this study were 11 adult males Po-
darcis sicula. They were collected by hand in the field
(Cosenza, southern Italy). Lizards were reared in laboratory
conditions under a regime of natural daylight. They were
maintained in plastic cages (55 cm length, 34 cm width, 33
cm heigth) with opaque sides. After the experiment, lizards
were released at the same location where they were cap-
tured. Preys used in this study were four species of Carabid
beetles (Insecta, Coleoptera), two aposematic ones: Brach-
inus sclopeta (N = 11), Anchomenus dorsalis (N = 11);
and two non-aposematic ones: Amara anthobia (N = 11),
Amara aenea (N = 11). The Carabid beetles were collected
by hand in the Crati Valley, province of Cosenza, southern
Italy (latitude: 39°35'56”N, longitude: 16°15'48"E; eleva-
tion: 60 m a.s.l.). We chose these carabids as “prey mod-
els” because they are very abundant in the field, could be
potential preys of Podarcis sicula, and have different an-
tipredatory patterns: Brachinus sclopeta and Anchomenus
dorsalis are characterized by a bright orange-red dorsal
coloration with blue or green elytra and produce repellent
chemicals products (Zetto et al., 2006); Amara anthobia
and Amara aenea are characterized by uniform dark col-
oration (fig. 1) and do not produce repellent chemicals prod-
ucts. The chemicals produced by the aposematic species are:
quinones and water at 100°C for Brachinus sclopeta, and
methylsalicilate for Anchomenus dorsalis (Schildknecht and
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Holoubek, 1961; Schildknecht et al., 1968; Schildknecht,
1970, 1975; Dazzini Valcurone and Pavan, 1980).

Lizards were tested individually in an open arena (size:
28 cm length, 18 cm width, 16 cm heigth) with a lamp and
a white plaster substratum. During the experiment the tem-
perature was maintained within the range of 24-26°C. The
tests were performed from June to July 2006. Each lizard
was tested once by offering the four preys (B. sclopeta,
N = 1; A. dorsalis, N = 1; A. aenea, N = 1; A. anthobia,
N = 1). Each carabid beetle was tested once. Before the be-
ginning of the test, each lizard was not fed for two days.
The lizard to be tested was kept in the arena for 10 minutes
before starting the test. The trial began when the prey (all
species at the same time) was put in the arena and lasted
when the prey was ingested. If no predation occurred, the
trial lasted 30 minutes after the prey was put in the arena.
The preys were placed manually (N = 1 individual of each
specie in each trial) in the arena using a glass container. The
behaviour of each lizard during the test was recorded us-
ing a digital camcorder (Sony HDV 1080i). The latency of
attack and whether the Carabid beetles were killed or re-
fused were also recorded. The difference between prey at-
tack occurrence was estimated using Chi-square test. The
latencies of attack were estimated using Mann-Whitney test
and Kruskal-Wallis test by SPSS v.12.0 statistical package.

When comparing the number of attacks to-
wards aposematic and non-aposematic preys,
there was a statistically significant preference
towards non-aposematic preys. Amara anthobia
and A. aenea were attacked with high frequency,
while Brachinus sclopeta and Anchomenus dor-
salis with low frequency (X? = 23.758, df
= 3, p = 0.0001). There was no statistically
significant difference in the attacking frequen-
cies between the two non-aposematic species
(X? = 1.227,df = 1, p = 0.268). The at-
tack latency was different between the two prey
types (X? = 810.015, df = 78, p = 0.001).
Statistically significant differences were found
comparing the latencies of attack of the four
species: the latency of attack towards Brachi-
nus sclopeta was low, while Amara anthobia
and A. aenea were preyed after long latency
(B. sclopeta vs A. anthobia: U = 344; 7. =
—2.614; p = 0.009; B. sclopeta vs A. aenea:
U = 307; Z = -3.104; p = 0.002). Non-
aposematic preys were captured and eaten with-
out difficulty, while when Brachinus sclopeta or
Anchomenus dorsalis were captured, lizards al-
ways tossed their head and then rub the snout
on the soil. This is probably because of the un-
palatability of the aposematic preys.
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Figure 1. Brachinus sclopeta (A), Anchomenus dorsalis (B), Amara aenea (C), Amara anthobia (D). Note in A and B the
bright orange-red dorsal coloration with blue or green elytra. Scale bar = 2 mm.

Our data indicate that Podarcis sicula detects
and responds adaptively to chemical cues from
some species of Carabid beetles. Our findings
support the hypothesis that P. sicula prefers to
attack species of Carabid beetles without chem-
ical defences, probably through the ability to

discriminate between prey chemicals by lin-
gually sampling the preys (see Cooper, 1995,
1997, 2000). This would suggest that P. sic-
ula has evolved the ability to detect the chem-
icals secreted by dangerous preys, such as those
present in the pigidial and cuticle glands of
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Brachinus sclopeta and Anchomenus dorsalis.
In this case the quinones excreted by Brachinus
sclopeta and the methylsalicilate produced by
Anchomenus dorsalis would act as aversive sig-
nals towards predators. In this regard it must be
stressed that the chemicals produced by Brach-
inus sclopeta and Anchomenus dorsalis act as
effective antipredatory repellents towards as dif-
ferent predatos as Crocidura leucodon (Mam-
malia, Insectivora, Soricidae) and Ocypus olens
(Insecta, Coleoptera, Staphylinidae) (Bonacci et
al., 2004, 2006)

Moreover, it may well be that the apose-
matic species used in this experiment can
synthesise other unknown repellent chemicals
and/or warning odours. The warning odours
(Pyrazines) are a group of odours commonly as-
sociated with warning coloration of many in-
sects (Rothschild, 1961; Woolfson and Roth-
schild, 1990; Rowe and Guilford, 1998), and
therefore are assumed to have a function which
is closely related to the coloration warning sig-
nals (Rowe and Guilford, 1998). Although our
data show that preys with no chemical defence
were attacked more frequently than chemically
defended ones, at present we cannot say any-
thing about the chemicals involved in prey dis-
crimination by P. sicula. Further studies are
thus needed to investigate on (i) the ability
of P. sicula to discriminate repellent chemi-
cals and/or warning odours produced by sev-
eral kinds of prey, (ii) the senses that mediate
this ability, and (iii) the factors (multimodal sig-
nals) that could be responsible for the differ-
ences found in latency of attack between apose-
matic species.
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