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Abs t rac t - -We compared the behavior of two subspecies of Podarcis hispan- 
ica lizards in cages that had been chemically marked by a saurophagous snake, 
the viper Vipera latastei. One of the subspecies (P.h. atrata) has experienced 
a relaxation from predation pressure by this viper, as snakes were eradicated 

from the island it inhabits over 100 years ago. Nevertheless, individuals from 
P.h. atrata responded to the snake's chemicals similarly to individuals from 
a population of P.h. hispanica, currently sympatric with V. latastei. Lizards 
exhibited more stress-indicating behaviors (foot shakes, tail vibrations, sudden 

starts), became less mobile, and tongue-flicked more while moving in a snake- 
inhabited terrarium than when in a clean, unfamiliar terrarium. 

Key Words--Antipredator behavior, chemoreception, lizards, Lacertidae, 

Reptilia, predation, relaxation, snakes. 

INTRODUCTION 

Predation is an important selective force that can shape the morphological, 
behavioral, and life-history characteristics of prey animals. Studies on a variety 
of species [e.g., spiders (Riechert and Hedrick, 1990), fish (Magurran and 
Seghers, 1990; Gelowitz et al., 1993), salamanders (Dowdy and Brodie, 1989; 
Ducey and Brodie, 1991), snakes (Sweet, 1985), and mammals (Owings and 
Coss, 1977)] have demonstrated that geographical variation in predation pressure 
is reflected in parallel variation in antipredator behavior of prey animals; prey 
animals from predator-free or -poor habitats fail to recognize predators in staged 
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encounters (Magurran, 1986; Magurran and Seghers, 1990; Gelowitz et al., 
1993; Mathis and Smith, 1992) or show inappropriate responses to predator 
stimuli (Breden et al., 1987; Dowdey and Brodie, 1989; Herzog and Schwartz, 
1990; Riechert and Hedrick, 1990). These intraspecific differences in anti- 
predator behavior may arise from differential experience within the lifetime of 
an individual (Magurran, 1989; Olla and Davis, t989; Jaervi and Uglem, 1993), 
from natural selection acting upon genetic variation (Huntingford, 1982; Breden 
et al., 1987; Riechert and Hedrick, 1990), or from a combination of both (Giles 
and Huntingford, 1984; Magurran, 1990). 

In this paper, we compare the ability of two subspecies of the lacertid lizard 
Podarcis hispanica to detect chemicals from the saurophagous snake Vipera 
latastei, Predator recognition is a necessary first step of adequate antipredator 
behavior. The vomeronasal system of reptiles offers good opportunity to study 
the ability to recognize predatory cues, without the need to actually confront 
the animals with the predator itself. Reptiles have been shown to react to chem- 
icals left behind by predators with an increased rate of tongue extrusions (Chiszar 
et al., 1978; Thoen et al., 1986: Van Damme et al., 1990, 1995). The intensified 
movements of the forked tongue probably facilitate delivery of chemical sub- 
stances to the ducts leading to Jacobson's organ (Parsons, 1970). Tongue-flick 
rate can therefore be used as a quantitative bioassay of interest in a variety of 
stimuli, including food and predator chemical cues. 

One of the lizard subspecies under study, P.h. atrata, is endemic to the 
Mediterranean archipelago of the Columbretes Islands (Castell6n, Spain). A 
large population of  Vipera latastei inhabited the main island of this archipelago 
but was completely eradicated when a lighthouse was constructed by the end of 
the 19th century. In spite of several herpetological expeditions, not a single live 
snake was observed after 1886 (Castilla et al., 1987). The other subspecies, 
P.h. hispanica, lives on the nearby mainland of Spain (ca. 50 km away) and is 
still sympatric with V. latastei. Our objective was to test whether the recent 
relaxation of the predation pressure in P.h. atrata has resulted in the loss of  the 
ability to recognize viper chemicals. If P.h. atrata still reacts to the snake 
chemicals, this strongly suggests that the chemosensory recognition of  predator 
cues is genetically based, since none of the individuals has ever been in contact 
with snake predators. Alternatively, lizards may respond to chemicals that the 
viper has in common with other predators now present on the island. If 
P.h. atrata fails to recognise the stimuli, recognition is either based on expe- 
rience and/or has been lost in the island population. 

METHODS AND MATERIALS 

Typically, Podarcis hispanica is a small [snout-vent length 40-60 mm], 
slender, flattened wall lizard living on rocks, stony slopes, walls, and other 
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habitats dominated by vertical elements. Like most other lacertids, P. hispanica 
has an active-searching foraging mode, a predominantly arthropod-based diet, 
and a diurnal activity pattern. It should be noted, however, that the species 
exhibits substantial variation in body dimensions and habitat preferences 
throughout its distributional range in Iberia and northwest Africa (Salvador, 
1986). The population of P.h. hispanica sampled here has the typical charac- 
teristics described above. These lizards lived on garden walls and in a small 
park and were almost exclusively seen on stony substrates elevated more than 
0.5 m above ground. Adult SVL ranged between 40 and 55 mm (X = 46.9 
mm; SD = 3.7 mm; N = 27). The subspecies P. hispanica atrata, from 
Columbretes Islands, is aberrant in its large adult body size (range 52-71 mm; 
X" = 60.5 mm; SD = 4.2 mm; N = 44). Although lizards from this population 
climb regularly, they are most frequently seen on flat, horizontal surfaces, often 
at ground level. 

Vipera latastei is a rather small (adult SVL 50-60 cm), stocky snake from 
the Iberian Peninsula and northwest Africa. It prefers sunny, stony, and slightly 
vegetated slopes and open deciduous forest. The snake feeds on rodents, lizards, 
and bird nestlings, killing its prey by injecting neurotoxic and hemorraghic 
venom (Gruber, 1989). 

We caught 10 adult Podarcis hispanica atrata (four males and six females) 
on the bigger island of the Columbretes archipelago (Columbrete Grande) and 
10 P.h. hispanica (six males and four females) from the nearby mainland (Cas- 
tell6n, Spain) and transported them to the laboratory in Antwerp, Belgium. 
Lizards were housed in five large terraria and daily were given ample amounts 
of food (crickets and mealworms) and water. Two 150-W spotlights suspended 
above both extremes of each terrarium provided light and heat for 10 hr/day. 
Individuals from both populations were kept apart. A male viper (Vipera latastei, 
SVL 45 cm) was obtained from the province of Burgos (Spain) and was kept 
in a cage located in a separate room. We took care that none of the lizards was 
in visual or chemical contact with this viper outside experimentation. 

We followed the experimental procedure outlined in Thoen et at. (1986) 
and Van Damme et al. (1990) to assess the lizards" responses to snake chemical 
cues. We introduced each individual lizard successively into two small terraria. 
These terraria were identical in dimensions (25 × 25 cm), substrate (sand, 
mosses, and stones), illumination, and heating (provided by a 150-W spotlight 
suspended 22 cm above the substrate). One of the cages (hereafter referred to 
as the viper situation) had previously been inhabited by the viper. After the 
snake had resided in the cage for at least 12 hr, we removed it and replaced it 
by a lizard. The other test terrarium was free from any viper chemicals; we 
used it to monitor lizard behavior in an unfamiliar but predator-free situation. 
The order in which a lizard was tested in the control and the viper situation was 
decided by chance. Since P. hispanica is known to react to chemicals left behind 
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on the substrate by conspecifics (G6mez et al., 1993), we changed the sand and 
vegetation and rinsed the stones from the testboxes after each experiment. 

We observed the lizards' behavior from behind a one-way mirror. Obser- 
vations started about 10 sec after transfer of  the lizard to the test box and lasted 
15 min. We distinguished the following behavioral acts and locomotor patterns. 
(1) Tongue-flick: the lizard extrudes and rapidly retracts its tongue, regardless 
of whether the tongue touches the substrate or is "waved"  in the air. (2) Walk: 
continuous, relatively fast forward movement. This is the locomotor type typ- 
ically observed in unrestrained lizards. (3) Slow motion: very slow movement 
accompanied by jerky or waving movements of the forelimbs. (4) Stand up: the 
lizard stands in an upright position against the glass wall of  the terrarium and 
performs scratching movements with the forelegs. (5) No move: the lizard stands 
still, its ventrum resting on the substrate; this pattern can be accompanied by 
movements of head, tail or forelimbs. (6) Bask: the lizard rests under the light 
bulb with the ribs spread laterally; one or more feet are often tilted upwards. 
(7) Start: sudden jump, most often followed by a quick, short run. (8) Foot 
shake: the raised forelimbs are alternately and rapidly moved up and down. (9) 
Tail vibration: the entire tail, or its posterior portion, is moved rapidly from 
side to side. 

We used a BASIC program ran on a personal computer to record the lizards' 
behavior. The program assigns a key to each of the behavioral acts distinguished 
and checks every second which key on the computer keyboard is being pressed 
by the observer. At the end of an observation period, the program lists for every 
second the behavior performed by the lizard, the number of  tongue flicks, starts, 
foot shakes, and tail vibrations. 

We used 2 x 2 factorial repeated measures analysis of variance on the total 
duration or frequency of behavioral acts to test for differences between treat- 
ments (viper/control) and populations. Lizards clearly extruded their tongues 
more frequently while moving than when basking or resting. Therefore, if we 
want to use tongue-flick frequency as a bioassay for predator recognition, we 
have to correct for the amount of  time the lizard spent moving. We did this by 
introducing the total duration of walk and slow motion as a covariate into the 
analysis of  variance. 

Lizard activity typically consists of alternating mobile (foraging, explora- 
tion) bouts and stationary periods (basking, resting). We suspected that the 
length and frequency of these bouts might differ between treatments and/or 
populations. There is a practical difficulty in delimiting a locomotion bout, 
because lizards in general do not move in a continuous way, but now and then 
pause for a couple of seconds before resuming their itinerary. We used an 
algorithm described by Sibly et al. (1990) to distinguish between these short 
stops within a locomotion bout and " rea l "  stationary periods. In this method, 
two regression models (a one-process model and a two-process model) are fitted 
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to a log~ frequency distribution of gap lengths. A gap is every interval between 
two successive movements. The one-process model assumes that all events are 
generated by a single Poisson process, and thus that behavior cannot be split 
into bouts. The two-process model considers events to be generated by one of 
two random Poisson processes, a fast process operating within bouts and a slow 
process generating new bouts. In our case, the two-process model clearly fitted 
better to the data than the one-process model. We derived a bout-criterion inter- 
val (Slater and Lester, 1982) of  28 sec, which means that gaps between real 
locomotory bouts must at least be this long. If  the interval is shorter than 28 
sec, the gap is considered as a short pause within a movement. Using this 
criterion, we calculated for each observational period the average locomotory 
bout length and frequency, the length of  the interval between bouts, and the 
number and frequency of pauses within locomotion bouts. These new behavioral 
parameters were compared between treatments and populations using repeated- 
measures analysis of variance. Since the number of pauses is clearly dependent 
on the time spent moving, we corrected for this by introducing total bout duration 
(mean bout length × frequency) as a covariate into the analysis. All statistical 
analyses were performed with the SPSS/PC + statistical package (Norusis, t990). 

RESULTS AND DISCUSSION 

Lizards of both populations reacted to the former presence of Vipera latastei 
in the test terrarium by an increased number of starts, foot shakes, and tail 
vibrations (Table 1). These behaviors are typically displayed by lizards in con- 
flict situations, during encounters with conspecifics (Verbeek, 1972), potential 
prey, or predators (Nuyten and Van Wezel, 1984; Thoen et al., 1986; Van 
Damme et al., 1990, 1995). Since the presence or absence of predator chemicals 
constitutes the only difference between our two test situations, we assume that 
the increase in these stress-indicative behaviors in the viper situation represents 
a shift in motivational status towards enhanced awareness and possibly fear. 

We found significant treatment × population interaction effects for the 
number of foot shakes and tail vibrations. This suggests that although lizards 
from both populations respond to viper chemicals, the predator-sympatric 
P. hispanica hispanica reacted more vigorously than the predator-allopatric 
P. hispanica atrata. This differentiation was, however, not evident in the other 
stress-indicative behavioral components (the number of  tongue-flicks and starts). 

In contrast to Lacerta vivipara (Thoen et al. ,  1986; Van Damme et al. ,  
1990, 1995), Podarcis hispanica did not tongue-flick more in the viper situation 
than in the control situation. This finding is deceptive, however, because tongue- 
flick frequency is clearly higher during locomotion, and lizards moved signifi- 
cantly less in the viper situation than in the control situation. After correction 
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for the amount of time spent moving (walk + slow motion), lizards of both 
populations extruded their tongues more often in the viper situation than in the 
control terrarium (Figure l, F = 8.38, df  = 1 and 17, P = 0.01). This finding 
suggests that lizards perceive chemical clues indicating the presence of the viper 
and that these stimuli invoke an enhanced utilization of the chemoreceptive 
apparatus. 

We found no population or treatment x population interaction effects for 
the corrected tongue-flick frequency (both P > 0.2). We conclude that the 
ability to detect viper chemicals must be genetically based in P.h. atrata, since 
none of the lizards from this subspecies had any experience with predatory 
snakes before. Furthermore, 100 years of relaxed predation pressure have not 
resulted in the loss of the ability for chemoreceptive recognition. Alternatively, 
lizards may respond to chemicals that the viper has in common with other 
predators present in its habitat. Little is known regarding the degree of specificity 
of responses by the lizard to such chemicals. In the case of P.h. atrata, however, 
this alternative explanation seems unlikely, since the Columbretes Islands are 
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FIG. 1. Number of tongue flicks performed by the lizard Podarcis hispanica as a function 
of the time spent moving. Lizards were observed for 15 min in terraria previously 
inhabited by a viper (filled symbols) and in unfamiliar but clean terraria (open symbols). 
Circles represent individual lizards from a predator-allopatric population (P.h. atrata), 
and squares refer to lizards from a predator-sympatric population (P. h. hispanica). 
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currently nearly devoid of  potential predators. There are no snakes or mammals 
and no typical saurophagous birds such as corvids or shrikes (CastiUa et al., 
1987), leaving only two species of gulls (Larus cachinnans michahellis and 
Larus audouinnii) as potential predators of lizards. These gulls primarily predate 
or scavenge on fish and marine invertebrates (Cramp, 1983), but it is not impos- 
sible that they occasionally attack a lizard. 

Locomotion patterns differed between populations and treatments. In the 
control situation, P.h. atrata showed a much higher tendency to explore the 
cage than P.h. hispanica and thus obtained higher mobility scores (Table 1). 
This difference in mobility between populations was largely due to the longer 
mean duration of  locomotion bouts performed by the island subspecies (Table 
1). Although we cannot present quantitative data to support this, the observed 
differences in locomotory activity seem to persist outside our experimental sit- 
uations. Both in the field and in their home cages in the laboratory, individuals 
of P.h. atrata can be seen moving about far more often than their conspecifics 
from the mainland. Although it is tempting to ascribe this difference to the 
higher predation risk on the mainland, many other factors involved in the cost- 
benefit balance of locomotory activity (e.g., body dimensions, prey density, 
social context, etc.) may also be involved. 

Locomotion in P. hispanica is not smooth and continuous, but consists of 
a pattern of bursts of movement alternating with pauses. Although seemingly 
widespread among lizard species (see Avery et al., 1987, and references therein), 
the exact ecological significance and/or the physiological basis of this jerky 
motion pattern remains obscure. In our experiments, the number of pauses per 
unit time traveled and the mean duration of pauses did not differ between species 
or treatments. Therefore, we have no reasons to suppose that the frequent stops 
are a part of the antipredator behavior of P. hispanica. 

We conclude that the lizard P. hispanica is capable of  detecting the former 
presence of a predatory snake, the viper V. latastei, presumably through che- 
mosensory perception of chemicals left behind on the substrate. The ability is 
still present in individuals from a population that has experienced relaxation 
from predation by snakes during the past 100 years. In P.h. atrata, the response 
to the viper's former presence may constitute another example of a "ghost of 
predation past" (Peckarsky and Penton, 1988; cf. Connell, 1980) or may reflect 
responses to chemicals common to a range of  predatory species. Assuming that 
the ability to detect predator chemicals is genetically based, it may not be 
surprising that it has survived in the viper-free population. The rate at which 
vestigial characters disappear from a population is likely to be a negative func- 
tion of the costs of expressing the character, and we cannot think of any sub- 
stantial costs involved in this case. It would be interesting to study predator 
recognition abilities in populations that are liberated from specific predators for 
longer periods of  time. 
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