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Use of Predator Chemical Cues by Three Species of Lacertid Lizards
(Lacerta bedriagae, Podarcis tiliguerta, and Podarcis sicula)

RaoUL VaN DAMME! AND KATHLEEN QUICK
University of Antwerp, Universiteitsplein 1. 2610 Wilrijk. Belgium

ABSTRACI.—Three species of lacertid lizards {Lacerta bedriagae, Podarcis tiliguerta, and Podarcis sicula)
are able to detect the formet presence of the saurophagous snake Coluber viridiflavus by tongue flicking,
Lizards tongue flicked more in cages previously inhabited by the predatory snake than in clean cages or in
cages treated with eau-de-cologne. They also exhibited behavioral acts typically associated with stressful
situations (foot shakes, tail vibrations, starts) more frequently when predator chemicals are present. Individ-
uals from the two Podarcis species that came from populations syntopic with C oiridiflavus were also able
to distinguish between chemical cues from this saurophagous predator and a nonsaurephagous snake (Natrix
manura). In these lizards, the former presence of N. maura did not elicit higher tongue-flick 1ates or stress-
indicating behaviors. In contrast, individuals of Lacerta bedriagae collected from a snake-free area increased
tongue-flick rate and frequency of stress-related behavior in response to chemicals of both snakes, suggesting
that prior comtact is not required for chemosensory recognition of snakes in this species but may facilitate
the distinction between different species of snakes. The presence of predator (C. viridiflavus) chemical cues
induces a shift in the microhabitat use of the lizard species studied . In a large terrarium containing various
substrates, lizards chose different types of microhabitats when chemical cues of C viridiflavus were present

than when absent and avoided the side of the terrarium labeled with the chemicals.

Although chemoreception is known to medi-
ate many important behaviors in reptiles (for re-
views, see Burghardt, 1970; Halpern, 1992; Ma-

. son, 1992), most studies on squamate chemore-
ception have concentrated on foraging behavior.
Comparative analyses across lizaid taxa re-
vealed a strong association between foraging
mode (widely foraging vs sit-and-wait preda-
tors) and the development of the vomeronasal
apparatus (Schwenlk, 1993, 1995; Cooper, 1994,
1995, 1997), suggesting that chemoreception
evolved primarily to aid prey location and rec-
ognition. Much less is known about interspecific
differences in the importance of chemoreception
for othet functions.

In this study, we assess the significance of
chemoreception in the antipredator behavior of
three lacertid lizard species. We want to know
whether the lizards are able to detect and rec-
ognize chemical cues of a predatory snake, as
has been demonstrated in other lacertids (Thoen
et al, 1986; Van Damme and Castilla, 1996). In
addition, we investigate whether the lizards use
information on the presence of a predator when
selecting microhabitats. We have chosen three
species from the Mediterranean island of Cor-
sica (France) for our expetiments The distiibu-
tions of two of the spedies, Podarcis tiliguerta and
B sicula, coincide to a large degree with that of
the predatory snake, Coluber viridiflavus (Delaug-
erre and Cheylan, 1992), and the individuals
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used in owr expetiments come from populations
that are most probably syntopic with the snake.
Lacerta bedriagae is mostly 1estricted to high al-
titudes on Cotsica and shows little or no overlap
with that of C. wviridiflwus (Delaugerre and
Cheylan, 1992) We sampled a population that
lives in a snake-free area The three species also
differ in microhabitat use (I anza, 1955; Castilla
et al, 1989; Van Damme et al, 1989, 1990b; De-
laugerre and Cheylan, 1992) In the field, P tili-
guerta is the most catholic species; occurring al-
most anywhere on the island, although it is
most often found near stone walls or rocks,
which are used as basking sites Podarcis sicula
typically occupies densely vegetated areas. It is
a ground-dwelling lizard that, when chased,
dashes 1apidly from one bush to another Lacerta
bedriagae is mostly found in open mountain ar-
eas, with little vegetation and large rocky out-
crops. Using these species allows us fo assess
the significance of two potential sources of in-
terspecific variation in the ability to recognize
predators: (1) prior exposure to the predator;
and (2) habitat stiucture, Ii previous exposure
to the predator is important, we expect that P
sicula and B tiliguerta will react more strongly
to the chemicals than I bedringge We may also
expect that I bedriagae and (to a lesser extent)
E tiliguerta, which live in open areas, rely more
on visual cues and less on chemical information,
whereas P sicula, which lives in a habitat with
limited visibility, will rely more on chemorecep-
tion
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MATERIALS AND METHODS

Animals and Their Maintenance —Ten adult
males of each species were captured by noose
in the département Haut-Corse, France Podarcis
sicula were sampled from a population in the
valley of the Fango, near Galéria. Individuals of
B tiliguerta were caught in the vicinity of the
village of Pitio, and those of I. bedriagae close
to the former skiing center of Haut-Asco. Liz-
ards were transported to ow laberatory in
Kalmthout, Belgium, and housed in 100 X 50 X
50 cm terraria, each containing a layer of sand
and some vegetation and flat stones A 100-Watt
bulb suspended above cne side of the terrarium
provided sufficient heat and light for 12 h/day.
Water and food (crickets, dusted with vitamins
and caldum) were provided ad libitum. Each
terrarium contained five individuals of one spe-
cies

A single male C. viridiflaous (SVE 97 am),
caught in the vidnity of Chizé (Département
Deux-Sévres, France), was used to deposit
chemicals into the experimental cages. Lizards
are an important prey item for this species (Bru-
no, 1970, 1975; Bruno et al, 1973; Delaugetre
_and Cheylan, 1992) The snake was housed in a
70 X 50 X 50 em terratium in our laboratory
but in a different room than the lizards It was
fed young mice -

A single female Natrix maura (SVL 45 cm),
caught near Florac (Département Lozére,
France), was used to put chemicals in the snake-
control cages The animal was kept in the lab-
oratory in a terrarium similar as the one de-
sciibed above but equipped with a water basin
This snake was fed small fish weelkly Natrix
maura is a largely aquatic snake that feeds main-
Iy on fish, amphibians and invertebrates It does
not eat lizards (Hailey and Davies, 1986) This
species inhabits the Tbetian peninsula, the south
of France and Switzerland, and northwest Af-
tica (Gruber, 1989) and is absent from Corsica.
The closely related N natrix does occur on Cor-
sica (Delaugerre and Cheylan, 1992), and does
not normally eat lizards (Filippi et al, 1996).

Experiment 1. Chemical Cue Recognition —In
our first series of experiments, we investigated
whether individuals of the three species are able
to perceive and recognize chemical cues left be-
hind by the predatory snake C. viridiflmwus. We
observed the behavior of individual lizaids in
four types of experimental cages The first type
{’clean control”) consisted of a 50 X 50 X 50
cm terratium, containing a thin layer of sand
covered with moss. The terrarium was unfamil-
iar to the lizards but contained no specific
chemical information The second type of cage
(“cologne”) was identical to the first, but some
eau-de-cologne (Savane, frais-épicé) was sprin-

kled on the moss shortly before the lizard was
introduced into the cage This situation was
used as a “pungency test,” to observe responses
to unknown chemical cues Finally, lizards were
tested in two types of cages that contained
snake chemicals. The “Coluber” cage was a ter-
ratium that had previously been inhabited by
the C wiridiflavus snake; the “Nahix” cage had
been inhabited by the N. mimrz Both types of
cages were otherwise identical to the control
cages. The snakes spent a night in the experi-
mental terraria and were removed shortly be-
fore the introduction of each lizard A 100-W
bulb was suspended 20 cm above the substzate
of the terraria, providing enough heat to allow
the lizards to attain body temperatures within
their preference zone (32-36 C, Van Damime et
al, 1990b)} Each individual lizard (10 per spe-
cles) was tested once in each situation The order
in which they were subjected to the four situa-
tions was assigned iandomly An individual
was tested maximally once per day.

A 15-min observation session started inme-
diately after the introduction of an individual
lizard into the test terrarium. We recorded the
behavior of the animal continuously by means
of a specially designed computer program run-
ning on a PC (for details, see Van Damme and
Castilla, 1996). The animal was observed from
behind a one-way mirror placed against one

side of the test-box The other three sides were

covered with paper

We distinguished the following behaviors: (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 for-
ward movement; (3) slow motion—very slow
movement accompanied by jeiky or waving
movements with the forelegs; (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 abdomen rest-
ing on the substrate; this pattern can be accom-

anied by movements of the head, tail, ox fore-
limbs; (6) bask—the lizard rests under the light
bulb, with the 1ibs spread laterally; one or more
feet are often tilted upward; (7) dig-—the lizard
digs with its forelimbs into the substrate; (8)
start—sudden jump, most often followed by a
quick, shott tun; (9) foot shake—the 1aised fore-
limbs are alternately and 1apidly moved up and
down; (10) tail vibiation-~the entire tail, or its
postetior portion, is moved rapidly from side to
side At the end of the 15-min observation pe-
riod, the computer program provides a list with
the total dwation (in sec) of behaviozal acts 2-
7 and counts of acts 1, 8, 9, and 10.

After experimentation, the lizard was re-
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Fic. 1 Tongue-flick rates (number/15 min) of
three lacertid lizards in the four experimental cages
Values are means (+ SD) for 10 individuals per spe-
cies. White bars: Lacerta bedriagae; grey bars: Podarcis
sicula; black bars: Podarcis tiliguerta.

moved from the test cage and put back in its
home terzarium. Sand and moss were removed
from the cage, and the cage was thoroughly
washed with soap and 1insed with water New
sand and moss were used for each observation
session We used four identical terraria, one for
each situation

We used repeated measures analysis of vari-
ance to assess effects of chemical treatment
(within subjects factor) and variation ameong
species (between subjects factor) on the mean
duration or frequency of behavioral acts. The ef-
fect of treatment was then tested for each lizard
species separately All data were logl0-trans-
formed to fulfill the requirements of normality
and homogeneity of variances. We checked the
symmetty conditions required for applying the
multivariate approach to significance testing
and adjusted degrees of freedom by multiplying
them with the Greenhouse-Geisser ¢, if neces-
sary (Notusis, 1988). When the results of the re-
peated measures ANOVA indicated an effect of
ireatment, we used contrast analysis to test the
significance of the following predicted specific
differences: cologne control versus clean control
(to test for effects of unfamiliar odors); Coluber
versus clean control (to test the effects of chem-
icals of predatory snakes); Coluber versus co-
logne control (fo test for differences between the
effects of odors of predatory snakes and unfa-
miliar odots); Natrix versus Coluber (to test for
differences between the effects of predatory and
nonpredatory snake odors); and Natrix versus

clean control (to test for the effects of nonpre-
datory snake odors)

Experiment 2; Effects of Chemical Cues on Micro-
habitat Choice —The second experiment investi-
gated whether chemical information associated
with the (former) presence of a predatory snake
is used in making dedisions concerning the use
of space. We observed lizards in a large (200 X
200 X 75 c¢m) terrarium that contained patches
of seven types: bare sand (048 m?), moss (048
m?), low grass (Pog annug, approximately 7 cm
high, 080 m?), tall giass (Molinia caerulen, ap-
proximately 40 cm high, 0.80 m?), bushes (Lon-
icera spp., approximately 30 cm high, 048 m?),
tree trunks (Pinus nigra, approximately 25 cm

-high, 016 m?), and stone walls, consisting of

loosely piled rocks (0.80 m2). A 150-W fight bulb
was suspended above each microhabitat patch.
The distance between the bulb and the substiate
was adjusted so that lizards would heat up
equally fast in each patch. This was checked be-
fore experimentation, by measuring the body
temperature of a dead lizard placed beneath the
bulb in each patch. The terrarium was situated
in an isolated room, and the animals were ob-
served from behind a one-way mirror to mini-
mize disturbance

At the start of an experiment, five lizards of
a given species were introduced into the terraz-
ium and allowed to habituate to the new envi-
ronment for 6 h. Subsequently, the microhabitat
use of the lizards was recorded at 30-min inter-
vals for a total of two days. We noted the sub-
strate on which the animal rested or walked and
the side of the terrarium in which it was located
(see below) The animals were provided with
food (crickets) and water (sprayed over all mi-
crohabitats) during the course of the experi-
ments. After completion of the observations, the
lizards were returned to their home terratia.

Lizards were first tested in a clean terrarium
After their removal, a wooden partition was
placed in the middle of the terrarium, and the
C. viridiflavus was introduced into one side (side
5) of the box It was allowed to crawl freely
throughout one side of the terrarium for 24 h
and was then removed. The wooden board was
also taken away, and the five lizards were put
back in the terrarium. Their use of space was
recorded as in the control situation The terrar-
ium was organized in such & way that the liz-
ards had all seven types of habitat patches avail-
able at both sides (labeled and unlabeled side).
After the completion of each set of observations,
the entire terratium was cleaned and the vege-
tation replaced. Because all lizards were first
tested in a blank cage, and then in a snake-la-
beled cage, the effect of snake presence on mi-
crohabitat use is confounded with order of test-
ing in this experiment Given the length of the
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Tasie 1
experimental cages.

Mean (= SD, N = 10) duration (in s) or number of the behavioral acts observed in the four

Lacerta bedriagae Podarcis sicula

Clean Cologne Natrix Coluber Clean Cologne
Walk 1790 = 1049 2875 X974 2642 £1394 2703 x£ 817 4767 £ 1659 4976 = 1424
Slow motion 00 =00 0103 87 184 179 =252 16 £41 237 £ 648
Stand up 574 + 347 329 =387 292=x227 484 = 497 99 x 136 103 * 238
No move 471.7 £ 109.2 4083 = 988 4075 = 1504 4139 *x 93.7 2007 £ 2307 2028 £ 159.1
Bask 1822 = 845 1632 x711 1804 £ 1494 1494 + 1134 1801 = 1020 1378 + 979
Dig 97 £ 147 80 %92 59 x 154 01 =03 309 = 395 278 £ 21.8
Start 02206 00 =00 52 + 1323 65 =135 00=00 0305
Foot shake 0307 0510 83 £ 123 189 £ 143 02086 01 *+03
Tail vibration 03 = 0.3 04 =03 54 £ 62 167 = 10.2 09 =10 0.7 £ 0.6

habituation interval and the period of observa-
tion, we do not think that this confounding ef-
fect constitutes a sezious problem, but it should
be kept in mind when interpreting the results.

To test whether lizards avoided the half of the
terrarium that had been labeled by the snake
{side S), we determined the proportion of ob-
servations in either side for each individual and
compared these values between the control and
Coluber situation using repeated measures AN-
OVA. To test whether lizards changed their use
of microhabitat in response to snake chernicals,
we defermined the proportion of observations
on each microhabitat for each individual and
compared these values between the control and
Coluber situation using repeated measures AN-
OVA. Only observations in side S were counted
in this analysis.

ResuLis

Experiment 1: Chemical Cue Recognition.—The
former presence of the predatory snake C viri-
diflavus elicited increased tongue-flick rates in
all three species of lizards (Fye, = 41.70, P <
0.001, Fig. 1). However, analysis of variance re-
vealed a significant species X treatment inter-
action effect (F;z = 3.30, £ = 0.01) on the mean
number of tongue flicks observed, indicating in-
terspecific vartation in the reaction to the fow
situations

Contrast analysis 1evealed no differences in
the mean mumber of tongue flicks observed in
the clean conirol and the cologne situation in
any of the three lizard species (all P > 0 10). In
all three species, tongue-flick rates were higher
in the Coluber-situation than in the clean control
(all P < 00004) or the cologne situation (all P
< 0.02) Lacerta bedringae tongue flicked more in
the Natrix situation than in the clean control (F,
= 1172, P = 0.008). Tongueflick rates in the
Natrix and Coluber situations were equally high
for this species (F = 1.11, P = 032) For the
other two species, the differences in tongue-flick
rates between the Natrix situation and the dlean

control were not significant (both P > 0.05);
both species tongue flicked more in the Coluber
situation than in the Natrix situation (both P <
0.003). These results suggest that, although P
sicula and P, tiliguerta responded to chemicals of
the predatory snake only, [ bedriagne responds
with increased tongue flick 1ates to chemicals
from both types of snakes.

Lizard behavior in the experimental cages dif-
fered in various aspects among species and
among treatments (see Table 1) The duration of
the walk behavior was similar in all four situa-
tions (F35 = 217, P = 0.1) but differed among
species (F,,, = 445, P = 0.02) Lacerta bedringae
moved less than the two Podarcis species The
species X treatment interaction was not signifi-
cant (F,, = 097, P = 0 45).

The mean duwation of slow motion varied
among species (F,,; = 6.73, P = 0 004) and sit-
uations (F,5, = 1323, P < 0001) The species
X treatment interaction effect was not signifi-
cant (F, ¢, = 082, P = 0.53) Slow motion was
seen more often in P siculz than in the othe:
species Contrast analysis revealed no differenc-
es in the mean duzation of slow motion between
the clean control and cologne situation in any of
the three spedes (all three P > 0.3) 0z between
the Natrix situation and the clean control (all
three P > 008). The slow-motion behavior was
seen more often in the Coluber situation than in
the clean control (all three P < 0 05).

The mean dwation of stand up also varied
among species (F,,, = 1242, P = 0.0001) and
situations (F,,, = 4 54, P = 0005). The interac-
tion effect was not significant (F,q, = 157, F =
0.17) Pedarcis sicula performed this behavior
much less often than the other two species
Mean dutation of stand up did not differ be-
tween the clean control and the cologne situa-
tion in any of the three species (all P > 04.10),
nor did it differ between the two snake situa-
tions (all P > 016). In L. bedringae and B tili-
guertn, stand up was significantly less seen in
both snake situations than in the control situa-
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TaBte 1. Extended
Podarcis sicula Podareis tiliguerta
Natrix Coluber Clean Cologne Natrix Coluber
4467 = 2011 5529 = 1060 4179 = 94.9 3918 x1112 3676 £ 1845 41390 = 1429
101 = 131 472 = 443 26 =82 00 =00 00 =00 188 = 21.7
19 *+ 3.03 59 * 145 458 = 39.9 572 + 385 229 = 269 261 328
2836 % 257.2 1951 £ 127.8 2846 = 1339 2924 + 105.0 3996 = 2283 2467 = 1643
1236 £ 818 944 + 60.2 1324 607 1458 = 69.7 901 =563 1898 = 135.8
350 =353 7887 172 = 254 127 =172 197 = 412 58 = 126
05 =07 2520 00%G0 00 xao0 00 =040 1518
G2 =06 13x25 60x00 0928 06208 171 = 10.1
05 =04 1.1 x99 0202 0.2 +0.2 09 =08 56 £63

tions (all P < (05); in P siculg, the difference
was not statistically significant (P = 01}

The species X treatment effect for the no
move behavior was not significant (F,5., =
126, P = 029} The mean duration of no move
differed among species (F,,, = 512, P = 0.013);
L bedringae showed more of this behavior than
the two Podarcis species In the two Podarcis spe-
cies, mean dutations did not differ between the
clean control and the cologne treatment (both P
> (Q75) Lacerta bedriagae performed the no move
behavior more often in the clean control than in
the cologne treatment (P = 0007). In all three
species, no move was more frequently observed
in the Natrix situation than in the clean control
(all P < 0.05). The difference in mean duration
between the Coluber situation and the clean
control was significant in I bedriagae (P = 0.03)
but not in the other two species (both P > 0.51).

Chemical treatments had a different effect on
the basking behavior of the three species (spe-
cies X treatment interaction: F,;,, = 281, P =
0025) Lacertn bedriagae and E filiguerta basked
equally long in all four situations (all planned
compatisons P > 0.2), but B sicula seemed to
curtail its basking activity in the presence of
Coluber chemicals {with respect to clean control:
P = 005). Tt also basked less in the Natrix sit-
uation, but here the difference with the clean
confrol was not significant (P = 007)

The mean duration of the digging behavio
vatied among situations (F,,5. = 1348, P <
0.0001) and species (F,,, = 482, P = 0.016) The
interaction effect was not significant (F,, e, =
032, P = 0.89) Podacris sicula dug more than the
two other spedes Mean duration of digging did
not differ between the clean control and the co-
logne situation (alf three P > 02) Lizards dug
less in the Coluber situation than in the clean
control, although the difference was not signif-
icant for B siculz. There was no difference in the
mean duration of digging between the Natrix
situation and the clean control {all three P >
0.78).

The number of starts differed among treat-
menis (Figee = 1379, P < 0.001) but not be-
tween species (F,,; = 1 33, P = 0.28) Starts were
most frequently observed in the Coluber situa-
tion Probably because of the high interindivid-
ual variability in this behavior, the repeated
measures ANOVA does not reveal a species X
treatment effect (Fy445 = 094, P = 045) How-
ever, the data in Table 1 seem to suggest that,
in contrast to both Podarcis spedies, I bedriagne
shows relatively high frequencies of starts in the
Natrix situation

The effect of treatment on the number of foot
shakes varied among species (interaction effect:
Fiiss1 = 880, P < 0001} The average number
of foot shakes did not differ between the clean
control and the cologne situation in any of the
three species (all P > 0.7). Lacerta bedriagne dis-
played more foot shakes in the Natrix situation
(F,, = 555, P = 0.042) and in the Coluber sit-
uations (F,, = 175, P = 0.002) than in the clean
control The difference between both snake sit-
uations was not significant (F,, = 3.54, P = 009)
in this species. Podarcis sicula exhibited equally
few foot shakes in all situations {all planned
contrasts, P > 0.16) Podarcis tiliguerta displayed
foot shakes in the Coluber situation only (dif-
ference with clean control: F,, = 284, P =
0.0005). The number of foot shakes exhibited by
this species in the Nattix situation was not dif-
ferent from that in the clean control (F,, = 4 06,
P = 0.075) The difference between both snake
situations was significant (F,, = 2396, P =
0 0009). _

The numbet of tail vibrations also showed an
interaction between treatment and species
(Fiise1 = 459, P = 0.002). Again, differences be-
tween the clean control and the cologne treat-
ment were not significant in any of the three
species (all P > 07) Compared to the clean con-
trol, I bedriagae vibrated its tail more often in
the Coluber situation (F,, = 1000, P = 0.011)
and in the Natrix situation (F,, = 489, P =
0.054) The difference between both snake situ-
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FiG. 2 Mean (£ SE) propoztion of time that indi-
vidual lizards were seen in side $ in the control (black
bars) and Coluber situation (white bars). In the Col-
uber situation, side S contained snake chemicals

ations was also significant (F,, = 3 54, P = 0.02}).
For P tiliguerta, only the difference between the
Coluber situation and the clean control was sig-
nificant (F,, = 5.02, P = 0.05). Podarcis sicula
exhibited this behavior rarely In this species,
none of the planned comparisons returned sig-
nificant results

Experiment 2. Effects of Chemical Cues on Micro-
habitat Choice —All three species used side S Jess
in the Coluber situation than in the control sit-
uation (F,,, = 4470, P < 30001, Fig 2). There
was no difference in the frequency of occurrence
in side S5 among species (F,,, = 0.82, P = 0 45)
and the treatment X species effect was not sig-
nificant either (F,,, = 062, P = 0.54)

In the control situation, I bedriggae and P ti-
liguerta were most often seen on the tree frunks
and on the stone walls (Fig. 3). Podarcis sicula
also made intensive use of the trunks but was
seen far less on the walls Instead, they spent
relatively more time in the vegetation (tall grass,
bushes) and on the moss.

A repeated measures MANCVA on the pro-
pottions of observations in the respective micro-
habitats revealed a strong interaction between
treatment and species (Rac’s Ry, = 547, P =
0 0001), indicating that the change in microhab-
itat use in response to the snake chernicals dif-
fers among species (The proportions for the mi-
crohabitat low grass were left out of this anal-
ysis to avoid the constant sum problem, i e, the
fact that the sum of all proportions must equal
1) Univariate tests for each micichabitat re-
vealed significant species X ireatment interac-
tion effects for the proportions of lizards seen
in bushes (F,,, = 28.71, P < 0.001) and on moss
(Fars = 1032, P = 0.001) Although I bedriagae
and P tiliguerts were seen less often in the bush-
es when snake chemicals were present, P sicula
strongly increased the use of this microhabitat

in that situation The presence of snake chemi-
cals inhibited the use of moss in L. bedriagae and
B sicula but stimulated it in P filiguerts. All three
species were seen more on the wall (Fy,, = 819,
P = 0.01) and less on the tiee ttunks (F,,3 =
2434, P = 00001) in the Coluber situation than
in the control situation. For the other mictohab-
itats, effects of species and treatment were not

significant
DIscussioN

Chemosensory Predator Recognition—The data
from out first experiment suggest that all three
lizard species can perceive the presence of
chemicals left behind by C viridiflaous. This fol-
lows from the increased tongue-flick 1ates in a
cage formerly inhabited by this snake Tongue-
flick rates in all three species are higher than in
the clean control and in the cologne situation,
indicating more persistent chernosensory inves-
tigation is stimulated by the snake chemicals
than by a merely novel environment or by an
unknown odor Our results confirm those of
Thoen et al. (1986) end Van Damme et al
(1990a) for Lacerta vivipara and those of Van
Damme and Castilla (1996) for Podarcis hispani-
ca; lacertid lizards seem to be able to detect the
chemical cues of predatory snakes. This ability
is apparently not restricted to a particular taxon
of saurophagous snakes: there is now evidence
that lacertids are able fo recognize four species
of potentially dangerous snakes, belonging to
two families [Colubridae: Coronells gustriaca
(Theoen et al, 1986; Van Damme et al, 1990a),
Coluber viridiflavus (this study); Viperidae: Vipera
berus (Thoen et al, 1986; Van Damme et al,
1990a), V. lafastei (Van Damme and Castilla,
1996)] Geckos, skinks, and varanids have also
been shown to be capable of identifying pred-
atory snake chemicals (Dial et al., 1989; Cooper,
1990; Phillips and Alberts, 1992; Dial and
Schwenck, 1996; Downes and Shine, 1998).

The behavioral changes in the Coluber situa-
tion suggest that the snake chemicals are rec-
ognized as cues for a potentially dangerous sit-
uation. This follows from the increase in the
numbet of starts, foot shakes, and tail vibrations
exhibited by the lizards and possibly from shifts
in relative duzation of the other behavioral acts.
Some of these behavioral modifications may
render the lizard less conspicuous (e.g, increase
of slow motion, decrease of stand up), or in-
crease its powers of observation (e g, decrease
of digging) In two of the spedes studied, the
presence of C wviridifleus chemicals also caused
changes in the duration of the bask behavior
Previous wotk on Lacerta vivipars has demon-
strated a complex interaction between antipre-
datory and thermoregulatory behaviors (Van
Damme et al, 1990a) Precise thesmoregulation
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Fic.3 Mean (+ SE) proportion of time that individual lizards were seen in each microhabitat in the control
(left) and the Coluber situation (right). Only observations on side S were counted

may enhance sprint speed and escape probabil-
ity, but it may also increase exposure to preda-
tors Our results suggest that the outcome of
this conflict may vary among species

High frequencies of starts, tail vibrations, and
foot shakes seem typical for lacertid lizards that
have detected predators or cues to their pres-
ence (see also Thoen et al, 1986; Van Damme et
al, 1990a, 1995; Van Damme and Castilla, 1996)
The sudden, unpredictable starts may make the

lizard more difficult to catch By waving their
tails, lizards in threat of immediate predation
may aim to deflect the attack of a detected pred-
ator toward the least viable part of their body
{Cooper, 1998a, b). When observed in the absc-
ence of predators, the behavior has been ex-
plained as an anticipatory deflective display
{Cooper, 1998a, b) or as a means to monitor
predators that stalk lizards in a start-stop pat-
tern (Magnusson, 1996) The latter hypothesis
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may also provide a functional explanation for
the increase in foot shakes observed in the snake
situations (Magmsson, 1996)

Tt should be noted, however, that the forego-
ing functional interpretations could represent a
case of adaptive story telling (Gould and Le-
wontin, 1979) Ouz first experiment does not al-
low to test the survival vahue of the observed
behavioral responses. The changes may be mere
signs of stress, without further adaptive signif-
icance Moreover, by petforming the experi-
ments in a confined and structurally oversim-
plified environment, we deprived the lizard of
the opportunity to exhibit several of its antipre-
datory strategies. For instance, it could not 1un
away o1 hide itself Testing the adaptiveness of
the observed behavioral changes will require a
more realistic setting (see also below, experi-
ment 2).

Chemoreception seems to play an equally im-
portant role in all the species of lacertids stud-
ied. Lizards from different habitats, whether
highly vegetated and structurally complex
(heathland: Lacerta vivipara; mediterranean
shrublands: Podarcis sicula) or more open (walls:
B hispanica, B tiliguerta; montane meadows with
boulders: L bedriagae) seem capable of recogniz-
ing the former presence of snakes Previous ex-
pexience with the snakes does not seem prereg-
uisite for being able to recognize their chemicals
{see also Phillips and Alberts, 1992; Van Damme
et al, 1995; Van Damme and Castilla, 1996; but
see Downes and Shine, 1998)

We did find some indication that previous
contact (within an individual lifetime, or genet-
ic) may be of some significance The two species
that, in nature, are in contact with and are reg-
ularly preyed upon by snakes (i.e, P siculz and
P tiliguertz) seem to be able to discriminate be-
tween dangerous snakes (C wiridiflavus) and
harmless snakes (N. maura). In contrast, lizards
from the snake-free location (I bedringaz) do not
discriminate between the two snakes. Cne may
argue that both Podarcis species do not react to
the chemicals of N. maura because this snake
does not occur on Corsica However, this would
not explain the positive reaction of I bedriagae.
Moreover, the closely related (and equally non-
saurophagous) N natrix does occur on Corsica
and is syntopic with the sampled Podarcis pop-
ulations. Owr results, therefore, suggest that L
bedriagae reacted to a more general snake odor,
whereas P sicula and P, tiliguerta have developed
the ability to recognize hazardous snakes from
harmless snakes. The latter ability seems adap-
tive in species that are regulaily in contact with
both types of snakes.

Predator-Induced Shifts in the lse of Space —In
our second experiment, the three species dif-
fered matkedly in their relative use of micro-

habitats. Habitat use in the texzarium is in re-
markably close agreement with that in the field
(see above, Lambert, 1967, Delangerre and
Cheylan, 1992; Van Damme et al, 1990b}, sug-
gesting that conditions provided in the experi-
ment closely mimic those in a hzard’s natural
environment.

The preference of L bedriague and E tiliguerta

. for the highest vertical elements in the terzarium

increased in the presence of C. viridiflavus chem-
icals. Podarcis sicula reacted differently, shifting
its use of space from open toward more heavily
vegetated patches. We can think of two hypoth-
eses to explain why lizards would change their
habitat use in response to predatory chemicals
First, lizards may avoid microhabitats in which
there is a great risk of encountering the preda-
tor In this case, the habitat use of the lizaids
should be the inverse of that of the snake. This
possibility seems unlikely for two reasons. First,
we regulaily observed the snake while it was
labeling the experimental terrarium, and it
seemed to make equal use of all microhabitats
present. The snake was so big that it usually
occupied several patches at the same time In
natural conditions too, C. viridiflmus uses a wide
spectum of microhabitats; it can be seen in
dense vegetation but also climbs walls often
(Delaugerre and Cheylan, 1992). Second, in this
hypothesis, it is difficult to explain the different
responses of the three lizard species. In addi-
tion, the lizards may select microhabitats where
the 1isk of being caught is minimal The ob-
served differences among species would then
reflect variation in escape tactics. Testing this
hypothesis would require measuring locomotor
performance on different substrates in the three
species and observing the behavior during ac-
tual encountess

Lizards of the three species avoided using the
labeled half of the terrarium in the Coluber sit-
uation. The few times that lizards were seen on
this side, they moved slower, adopted the low-
profile slow-motion type of locomotion, tongue
flicked more frequently and exhibited foot
shakes That is, their behavior was similar to
that seen in the Coluber cages of experiment 1.
Even during the control observations, lizards
(especially L. bedriagae and P, tiliguerta) showed
some preference for the side in question This -
may be the result of the experimental set-up: the
one-way mirror from behind which the animals
were observed was located at that side. The in-
creased use of the unlabeled side during the
Coluber observations, however, can only be ex-
plained as an active avoidance of patches con-
taining predator scents These results show that
lizards are not only able to recognize the chem-
icals of saurophagous snakes but that they also
use this information to guide their use of space
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In nature, lizards may thus avoid potentially
hazardous pazts of their home range o1 refrain
from entering dangerous unknown areas dur-
ing dispersal

It should be noted that, because of time con-
straints, we did not observe microhabitat use in
the presence of nonpredatory chemical cues (cf
cologne and N maura treatments in experiment
1). Therefore, we cannot exclude the possibility
that the shifts in space use observed in experi-
ment 2 merely reflect the avoidance of novel
scents However, given the resulis of experiment
1, we are inclined to believe that the changes in
microhabitat choice constitute a true antipreda-
tory response,
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