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Chemoreception in the Lacertidae:
exploration and conspecific discrimination
in the Spanish wall lizard, Podarcis
hispanica
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Introduction

Growing evidence points to the chemical senses as playing a crucial role in

Jlizard and shake behavior. Conspecific and sex recognition, tertitory marking,

aggregation, foraging, exploration, and predator detection are telated to some
extent to chemoreception in snakes and in many lizards (see Burghardt, 1970,
1980; Simon, 1983; Mason, 1992, for reviews). Unfortunately, lizards have
received far less attention than snakes on chemoreception studies. Yet, three

lines of evidence suggest pheromonal communication and use of chemical

information in lizards. First, many species of lizards possess sceretory
structures, such as femoral and urodacal glands (Simon, 1983), that synthesize
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socially relevant chemicals (Cooper et g, 1986; Alberts, 1989). Second, most
lizards have three chemosensory systems: vomeronasal (ie., the tongue-
Jacobson’s organ system), olfactory, and gustatory. Although lizards are
generally assumed to rely chiefly on vomerolfaction for their chemically guided

behaviors, taste buds are present widely among lizards, including lacertids

(Schwenk, 1985). Howevet, the role of taste in chemosensory discrimination
remains unclear. . Olfaction, on the other hand, may be important to some
squarmnates, but its roles appear to differ from those of vomerolfaction (Mason,
1992). In fact, Cowles and Phelan (1958) postulated that a role of the olfactory
epithelium could be the activation of the vomeronasal system for the detection

of low volatility chemicals. This hypothesis has received some empirical -

support in lizards (Duvail, 1981; Simon and Moakley, 1985). Third, a uniquely
specialized behavior is associated with the chemosensory function of the
vomeronasal organ (VNO): the extrusion of the tongue or tongue-flick. Many
lizards regulatly tongue-flick while moving about their environment, cither
waving the tongue in the air, or touching the substrate of an object with it
(Bissinger and Simon, 1979; Gove, 1979; Duvall, 1982). During tongue-
flicking the tongue picks up chemicals and transfers them from the external
environment to the VNO {Graves and Halpern, 1989; 1990), though the detailed
transfer mechanism has not been fully elucidated (reviewed in Young, 1990).
The ease with which tongue-flicks can be observed and tecorded makes tongue-
flicking a reliable and widely used behavioral index of VNO stimulation.-

The putpose of the present study is twolold. Firsl, we present a brief review
of the literature dealing with chemoreception in the Lacertidae. Second, we
provide preliminary results on chemosensory abilities of a lacertid, the Spanish
wall lizard, Podarcis hispanica. '

Previous work on chemoreception in the Lacertidae
Lacertidae, one of the largest families of lizards, is traditionally included in

the autarchoglossan division of lacertilian phylogeny (Camp, 1923; Esteser al.,.

- 1988). Associated with this taxonomic view, lacertids have been implicitly
" assumed to rely strongly on their chemical senses. Morphological and
behavioral data also support the chemosensory abilities of lacertids; their
vomeronasal system is generally well developed (Parsons, 1970; Northeutt,
1978), the tongue is long and forked, and functional femoral glands are usually
present as well (Amold, 1989). Nevertheless, experimental evidence supporting
a rale of the chemical senses in lacertid behavior is scant (Table 1). Using the

method of the odot impregnated cotton swab, Cooper (1990a; 1991) reported

on the ability of some lacertids for prey odor disctimination and poststrike
clevation in tongue-flick rate. A different set of studies (Thoen eral., 1986; Van
Damme et al., 1990) indicated that Lacerta vivipara is capable of recognizing
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the odor of its shake predator, the common viper, Vipera berus, although a faulty
experimental design might undermine this conclusion (CooPcr, 1990b).

Table 1. Previous work on chemoreception in Jacertid lizards.

Reference =~ Species  Dicrimination Method Result

Bauwens er.al (1987) L.vivipara Sex Odorless lizards -

Cooper (1990a) P, hispanica Prey Swab - +
Cooper (1991) P.muralis  Prey  Swab +
Mou (1989} P.muralis  Sex/specics ? -
Thoen et.al. (1986) L vivipara  Predator Soiled substrate +
Vanderstighlen (1987) L. vivipara  Predator - Soiled substrate +

It is noteworthy that the few analyses performed on the potential role of
lacertid chemoreception in social contexts have yiclded negative results.
Bauwens et al. (1987) reported that male Lacerta vivipara courted both males
artificially painted so as to resemble the female color pattern, and females trcated
to eliminate chemical secrctions. Based on this evidence, they concluded that
chemical cues alone are not sufficient for sex recognilion. In a different study,
Mou (1989) could not find evidence for chemosensory sex or species
discrimination in Podarcis muralis. In the present work we analyze the role of
chemoreception in exploratory behavior and provide the first evidence of
chemosensory conspecific discrimination in a lacertid.

The Spanish wall lizard

The Spanish wall lizard, Podarcis hispanica, is a small diumal warm-
temperate lacettid found mainly in rocky habitats in the Iberian Peninsula
(Amold and Burton, 1982). This lizard feeds on arthropods and has been
described as a food generalist (Pérez-Mellado, 1983). In the only study dealing
with chemoreception in this species, Cooper (1990a}. determined that P.
hispanica is capable of discriminating prey from non-prey odor impregnated
cotton swabs. Our own observations indicate that P. hAispanica displays elevated
tongue-flick rates when moved to a new environment, in feeding, and in social
contexts. These behavioral correlates of a use of chemoreception prompted us
to carry out the present study. )
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Materials and Methods

Animals and their maintenance
The lizatds used in these experiments were wild-caught by noosing in
Valencia in summer-fall 1989 (Experiment 1) and in Summer 1991 (Experiment
2). Experimental subjects were 15 male and 6 female Podarcis hispanica. Sex
was determined by the presence of swellings at the base of the tail, reflecting
the presence of hemipenes in males, head and body proportions, and sexually
dimorphic features of body coloration and design (Arnold and Burton, 1982).
Reproduction in P. hispanica lasts from March to July (Pérez-Mellado, 1982).
Thus, all the subjects were non-reptoductive when tested. Snout-vent length
(mean % 1 SE) was 52.6+0.9 mm in males and 48.3+1.5 mm in females. All the
experimental lizards were housed individually in glass or Plexiglas cages (25 x
30 x 50 cm) for at least three days prior to the beginning of testing. Each cage
had a soil substrate, a rock for shelter, and a water dish. Cages were covered
with softboard screens on three sides to provide visual isolation from lizards in
neighboring cages. A 40-W bulb suspended ca. 20 cm above the substrate
_ provided light and heat 14 h daily. Large windows offered a superimposed
_ natural photoperiod. The lizards were fed mealworms (Tenebrio molitor larvae)
several times a week. Food items were often dusted with a commercial vitamin
and mineral supplement before being offered to the lizards.

General resting procedures

All testing took place between the second and fifth hour of the photophase.
Room temperature at the time of testing ranged 22-29 °C, although temperature
ranges were narrowet for each individual lizard; individual temperature range
was 1.420.21 °C (mean * 1 SE), with a maximum individual range of 2.5 °C.
Preliminary observations revealed a strong observer effect (Sugerman and
Hacker, 1980), consequently, we made all observations frot behind a blind.
All recordings were made by the same observer (AG) with the aid of a portable
microcomputer equipped with event recording software (slightly modified after
Unwin and Martin, 1987). After the expetiments, lizards were released at their
réspective capture sites,

Experiment 1

The purpose of this expetiment was to assess the role of chcmorcccptién in
the exploratory behavior of male Podarcis hispanica. A second goal was to find
out if long-term habituation to a novel cage took place.
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Materials and methods

Each lizard’s behavior was observed in three conditions daily. First, the
lizard was observed while undisturbed in its home cage for 5 min (home cage
condition). The lizard was then either rapidly picked up and returned to its home
cage to assess possible restraint effects (handling control), or moved to an
adjacent unoccupied cage (novel cage condition) visually equivalent to'the home
habitat. Observations in the handling control and novel cage conditions lasted
for 15 min each, and their order was alternated on successive days. The novel
cage was the same for all the lizards, and no effort was made to neutralize
potential chemical cues left by previously tested lizards. Nine male lizards were
tested in all three conditions for 13 consecutive days. The following dependent
variables were recorded: ‘

1. POSTURE CHANGE (PC): Adjustments in body posture not associated
with locomotion, such as limb or head movements.

2. SITE CHANGE (SC): Lizard walks through the cage.

3. TONGUE-FLICK (T¥): The animal extrudes and quickly retracts its
tongue which may or not touch the substrate (Fig. 1). Tongue-flicks displayed
when the lizard was attempting te climb the cage walls were not recorded.

4, LIP-LICKING (LL): The tongue is extruded and wrapped around the
snout before being retracted. Although each tongue extrusion was recorded
separately, the behavior usually occuts in bouts.

b

kit

Fig. 1. Male Podarcis hispanica tongue-flicking at the substrate.
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Statistical aanalysis

A natural log (+ 1) transformation was performed on the raw data prior to
analysis. Transformed scores for each of the dependent variables were analyzed
with a 3 (condition) x 13 (days) within-subjects design using procedure
MANOVA available in SPSS/PC+. This procedure yields both multivariate
and univariate results. Whenever possible, a multivariate approach using

Pillai’s test statistic was adopted in order to eliminate sphericity problems

associated with repeated measures ANOVA (Hand and Taylor, 1987). Prob-
ability level for rejection of the null hypothesis was sct at p < 0.05 for all tests.

Results

MANOVA procedures revealed a significant effect of testing condition on
all the behaviors (Pillai’s trace statistic = 0.95, p < 0.004). Additionally, a
multiple comparisons test showed that tongue-flick, posture change, and site
. . change scores were significantly higher in the novel cage than in the handling
control condition (p < 0.002; Table 2; Fig. 2). This relationship was reversed
for lip-licking scotes, which were higher in the handling control than in the
novel cage condition (p = 0.012). Of all the behaviors, only TF showed a
significant effect of testing day (F = 2.55, p = 0.006) and condition by day
interaction (F = 1.90, p = 0.01). All other terms in the analysis wete
insignificant. '
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Fig. 2. a) Mean (z 1 SE) tongue-flick rate of male Podarcix hispanice in 13 consecutive days in the
three treatment conditions. b) Mean (+1SE) site change rate of male P. hispanica in 13
consecutive days in the three treatment conditions.
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Tongue-flick scores in the novel cage condition decreased over the 13 daily
tests (Fig. 2a), presumably as a result of habituation. This was confirmed by
Page’s L test (.= 6415, p < 0.001),a non—parametnc test for mnnotomc trends

of repeated measures data (Meddis, 1984).

Table 2. Overall response of the lizards in Experiment 1. The data shown are rates (frequency/min)
- of behaviots for which a day effect was not significant. The values are means (+ 1 SE) for
nine individuals over 13 days. Abbreviations as in text.

‘ Behavior
LL ~  SC PC
Treatment
Hotne cage 0.17+0.11 0.25:0.04 0.7120.07

Handling control * 0.8720.07 0.5420.03 1.15:0.06
Novelcage 0552004 1.29%0.04 2.07+0.06

In the novel cage condition, lizards spent most of the time walking about the
cage while tongue-ﬂlckmg frequently. These “bouts of exploration” were
interrupted by periods of basking under the light bulb. Occasionally, foot-
shakes (see Experiment 2) were seen, but not recorded. Exploration (i.c., SC
plus TF) in the handling condition was restricted to the first few minutes of -
observation, after which the lizards would usually stop to bask undet the bulb.
It was duting these periods devoted to baskmg that LL was seen most
frequently. Across days; the lizards’ behavior in thc novel cage condition
progressively approached that in the handling control condition, the animals
spending most of the trial basking under the bulb. Thc lizards made few
movements, if any, in the control condmon

Experiment 2

In this experiment we aimed to find out whethet Podarcis hispanica can use

- chemosensory information to discriminate between conspecrflc and
heterospecific lizards. We further tested whether P. hispanica is capable of

discriminating between sexes by chemical cues alone. Onc of the most widely

“used methods for obtammg evidence of chemical discrimination in reptiles is
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' the: odor- 1mpregnatcd cotton swab method. ' Using this techmque Coopcr
(1990a; 1991) succeeded in demonstrating chemosensory prey discrimination
in our experimental species and a closely related one (P. muralis). However,

* this technique did not; in our hands, yield consistent results when applied to‘ ,

other aspects of chemoreception. Fortunately; alternative procedures for

obtaining. evidence of chemosensory discrimination are available. in the
_ literature (e.g., DeFazio er al, 1977), In patticular, although much more time

consuming, experiments in which the lizards are tested i in cages with soiled
- substrates seemed to us much more useful.

Materials and methods .
We tested each lizard (six males and six females) in a completcly

countetbalanced order in six odor trealments: (1) water as an odor control, (2)-

cologne (Don AIgodon ™ dituted 1:5 in water) as a pungency control, (3) female
conspecific odor, (4) male conspccxi' c odor, (5) female heterospecific odor, and
(6) male heterospecific odor. We conducted the trials in test cages similar to
the holding cages, but the floor was lined with an absorbent paper sheet that
was replaced after each trial. To reduce habltuation to the test procedure we
tested cach lizard only once a day.’

Conspecific odor “donors” wefe several non-experimental lizards grouped
by sex and maintained in conditions similar to those of the test subjects. The

_Ioﬁg-tailed lizard, Psammodromus algirus, was the hétcrospeciﬁc odor donor’

" species. ‘This lacertid occurs in sympatry with Podarcis hispanica over its
~ whole distribution range; the two species have partially ovetlapping habitats
and are often syntopic. The five long-tailed lizards, three males and two
females, used in this study were captured in Ridpar (Albacete, Spain) and
Valencia in Summer 1991. Sex was determined asin P. hispanica (see-Animals
and their maintenance) and the lizards were kcpt in two large cages grouped
according to capture site.
For the lizard odor trials, clean test cages were ch&.mlcally marked through
+occupation by intact lizards prior to the introduction of the test subject. Two
lizards of the same sex and species (donors) were placed in one of the test cages

in the evening preceding the day of testing and were left there overnight. As-

. the donors moved about the cage, we assume that the papet substrate was
passively scent marked through skin, cloacal, or femoral gland secretions
(Simon, 1983). The donor lizards were returned to theit holding cages 10 min
before the trial. Prior to each irial, we temoved any fecal pellets and other debtis
to prevent disctimination by visual cues (Duvall er al., 1987), and sprayed water
on the marked paper substrate. I the control trials, watet or colognc was
sprayed on a clean paper substrate 10 rmn before testing.
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In each test, the experimenter iaicked ﬁp the subjcét gently from its ho!ding

‘cage and placed it in the middle of the test cage. We obscrved cach lizard’s

behavior continuously for 15 min, starting as soon as the lizard was introduced

_into the test cage. In addition to (1) tongue-flick and (2) hp-hckmg (scc

Experiment 1) we recorded the following behavior pattemns:
3. FOOT-SHAKE (FS): Lizard raises and lowers one or bolh forelegs

several times in alternate sequence.

4. WALK (W): The animal moves through the cage. We rccordcd prescnce-
absence of walking at [-min intervals during the trial (i.e. one-zero sampling).

5. ESCAPE-ATTEMPT (EA): Lizard ptesses its snout against the walls of
the cage, making digging motions with its forelegs, or tries to climb up the walls.

6. BASKING (B): Lizard remains motionless with legs and rib cage spread
laterally and head lying on the substrate.

After each trial, the test subject was returned to its homc cage, lhc papet
sheet replaced, and the floor and walls of the test cage cleancd with alcohol-
impregnated paper towels.

Statistical analysis
Statistical analyses were run using SPSS[PC+ Dcpendent varlablus were

analyzed by a mixed randomized block repeated measures ANOVA design,
nested by sex and classified by individual, odor treatment and trial order.

. Possible temperature effects in tongue-flick rate (Cooper and Vitt, 1986b; Van

Damme et al., 1990) were taken into account statistically by using temperature
during the trlal as a covariate in the ANOVA design. Since sex clfect was
insignificant we pooled male and female results for the analysis. We tested
dependent variables for norma]lty by Kolmogorov-Smimov's test and for

" homogeneity of variance using Hartley's test, When conditions fot application

of parametric ANOVA were not met, we analyzed data using Ftiedman’s

 two-way ANOVA for a single-factor experiment with répeated micasures.

Non-parametric multiple comparisons were made after Zar (1984).
Concordance among blocks was tested by Kendall’s coefficient of concordance
(Mcddis, 1984). Probability level for rejection of the null hypothesis was set
at p <0.05 for all tests.

Resulls
Tongue-flick was the behavmr paltcm maost frequently observed. Odor

'. -condmon effect on TF rate was hlghly significant (ANOVA, p<0.001). Mean

number of tongue-flicks was greatest in response to the two conspecific stimuli
and lowest for the water control (Fig. 3a, sce Table 3 for detailed mutltiple
comparlsons results). Foot-shake sczores wete significantly different among
treatments in males (Friedman test, X” = 14. 55,d.f=35, p 0.062) but not in
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Table 3.  Overali responsc of the lizards in Experimeni 2. Mean valués (¢ 1 SE) after pocling male
. and female data. Where multiple comparisons have been conducted, columns with different
superscripts are significantly different. Significance of the treatment effect is indicated in the
right column (ANOVA, d.f. 5, 66). W, water; C, cologne; FN, femnale heterospecific; MN,
_male heterospecific; FC, female conspecific; MC, male conspecific. For abbrewauous of
- behavior patterns see text.
Treatment .
W. C FN MN FC MC  Signif.
" Behavior ' . ' ‘ '
4 10.8 9.6 113 108 10.8 . 123 LS.
08 (1.6 0.8) an 0.9
EA 12 78 65 68 13 98  ns.
(L.7) (2.3) (‘1.5) 1.9 . (2.1 (2.8)
Fs$ 39 2.1 48 48 - 51 53 ns.
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(150 @6 (166) 232)  (254) (299
6.0 53 71 35 2.1 2.1 ns.

sy @) @3y ws wn s

) Chemorecepl-ion in the Lacertidae 223

females (x =2.67,d.£ 5, p=0.75). Males exhibited higher mean rates of FS

in the presence of other lizards’ chemicals than in the two controls (Fig. 3b).
. Odor treatment effect was not significant for the variables walk, escape-attempt

and lip-licking. Order effect was insignificant for all behaviors. Temperature
differences among treatments wete not significant (ANOVA, F=0.673,d.L. 5,
55, p = 0.919), but temperature effects were mgmﬁcam for all the bchawors
excepting EA (ANOVA, p < 0.02). :
For most of the duration of the trials, the lizards simply walked while

itongue—ﬂ:ckmg the marked substrate and the walls of the test cage.

Remarkably, the TF rate in the test cage soiled by conspecifics was similar to
that observed in Experiment 1 duting the first few days of novel cage condition
(see Figs. 2a and 3a). In most tongue-flicks the tongue actually touched the
substrate or the walls, but in a few of them the tongue was simply waved in the
air. In the two conspecific conditions, TF in which the snout was close to the
substrate and the tongue was only slightly extruded from the mouth wete very
frequent, but we did not record them as different from the normal longue-flicks.
Furthermore, the subjects often stopped walking and directed multiple TF at

" particular spots in the paper substrate. In all conditions, the subjects also
stopped occasionally to bask under the bulb. Foot-shake bouts were most often

seen immediately preceding basking. As we recorded basking only in nine

- lizards, this behavior was not included in the statistical analyses. Llp-hckmg 3

bouts took place mostly while the animals wete basking.

There were considerable individual differences in all the behavioral
responses. The rank orders in number of tongue-flicks contained a highly
significant individual component (Kendall’s coefficient of concordance,
HwO 41, p = 0.0002). :

Discussion

The results of Experiment 1 demonstrate that Podareis hispanica will readily
explore a novel environment. Such éxpleratory hehavior involves enhanced
tongue-flick ratés and movement through the environment. ‘These tesulis agree
with those obtained in iguanians (DeFazio et al., 1977; Greenberg, 1985;
Burghardt et al., 1986; Krekorian, 1989) and scincids (Graves and Halpern,
1990). Our results further reveal a decline in tongue-flick scores over
successive tests which is presumed to result from habituation. The results are

-somewhat confounded due to the accumulation of chemical cues from the test

subject as well as other experimental animals in the novel cage condition.
However, the changing chemical environment in this experiment should, if
anything, delay habituation of tongue—ﬂlckmg, thus maklng our results even

stronget.
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Until reccm!y, support for a role of habltuation inthe explomtory behavior
of reptiles was limited.- Graves and Halpcm (1990) found that the exploratory
response ‘(including tongue-flick rate) of the ocellated skink, Chalcides
ocellatus, toa new cage habituates over a 10-min period Similarly, Chiszar et
al. (1976) reported short-term habituation of tongue-flicking: in plains gatter
snakes (Thamnophis radix} in open field trials, but found no evidence of

habituation over days (long-term habituation). Although these results may

suggest that reptiles are not capable of remembeting over a 24-h'period, the
results of Burghardt et al. (1986) with Iguana iguana as well as our own with
'P. hispanica convincingly demonstrale long-term habituation of the cxpEoratory
" tesponse to novel environments in fizards.

Results of E_xpenmcnt_ 2 suggest that adult Podarcis kispanica are capable
of detecting and discriminating conspecific from non-conspecific chemicals.
This conclusion is supported by high rates of tongue- flicking in cages soiled
- by conspecifics compated to-those soiled by syntopic heterospecifics. The
tongue-flick response was highly variable among individuals, but consistent
across expetimental treatments. This variability parallels that detected by Van
Damine et al. (1990) and can be attributed to individual differences in genetal
reactivity, or temperature effects. Failure.to find conspecific discrimination in
a previous study with the congeneric P. muralis (Mou, 1989) may be duc to
inadequacies of the method used, to a faulty experimental design or, less likely,
to a real inability of this species to discriminate conspecific chemicals.

Up to now, the empitical evidence showing chemosensory sex of conspecific .
discrimination in lizards was mostly based upon wotk with scincids and -

.iguanids. Although iguanids were formerly thought to be visually. guided
lizards (Stamps, 1977), recent. findings indicate that discrimination of

sociochemicals, including kin recognition, occurs in several species of this - -
family: Dipsosaurus dorsalis (Dussault and Krekotian, 1991), Sceloporus

occidentalis (Duvall, 1979; 1981; Duvall er al., 1987), S. jarrovi (DeFazio et
al., 1977; Bissinger and Simon, 1981), and Iguana iguana (Burghardt, 1977;

Wermer et al, 1987). As for the scincids, chemical communication has been =

extensively studied in the genus Eumeces (reviewed in Cooper and Vitt, 1986a).
Several Specles in this genus can discriminate conspcmﬁc from other
congenencs " odots. :

That an animal is able to detect an odot, or distinguish between two odors,

does not demonstrate its ability to recognize the odor and gather biologically
relevant information from it. Although our results suggest that Podarcis
" hispanica is operationally capable of recognizing conspecifics by means of
vomeronasal investigation, a tongue-flick response is of itself not valid
evidence of chemosensory conspecific recognition. As lizards flick their
tongues in a variety of contexts, other behaviors are often brought 1o the fore
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in an effort to assess recognition. - For example, banded geckos, Coleonyx
variegatus, show tail-displays when exposed to the odor of a snake-predator
(Dial et al, 1989), and chemical recognition of snake predators in Lacerta
vivipara is revealed by changes in locomotion and tail vibration rate (Thoen et -
al., 1986). In both species, the behaviors elicited by chemical stimuli are

‘ annpredator behaviors displayed solely when the lizard detects a predator, and

not in other contexis (Vanderstighelen, 1987). This is the kind of evidence that

is required in order to show that lizards associate th¢ detection of snake
chemicals with the presence of a predator (Van Damme ef al., 1990). Asa

further example, Dipsosaurus dorsalis tongue-flick at their own tails after

chemosensory, investigation of tiles marked with secretions from their own

femoral glands, suggesting that they are capable of phcromonal self-recognition -
(Alberts, 1992).

Foot-shakes, a putative appeasement d15play in lacertids (Steward, 1965),
have been observed during courtship and agonistic interactions of Podarcis
hispanica (Verbeek, 1972; our unpublished observations). This behavior is
shown mainly by juveniles, females, and subordinate males, even when no other

Jizards are visible. Based on this evidence, we hypothesized that foot-shakes-

are released by the presence of sociochemicals and might possibly be used to
assess.chemosensory conspecific recognition. In Experiment 2, males, but not

_females, displayed elevated foot-shake rates in cages soiled with odors from

other lizards, whether conspecific or not. Since males were introduced to
unfamiliar cages marked by other lizards, it is tempting-to suggest that they
would behave as subordinates and exhibit this appeasement display. That males
also displayed foot-shakes to hctcrospeciﬁcs might indicate a response to a

shared sociochemical. ‘Thus, the present data on foot-shake rates do not provide

ev:dence for or against conspecific recognition.
For a territorial species, the ability to recognize conspeclﬁc odors and behave

"accordingly has an obvious adaptive value.- Although territoriality in the

Lacertidae is controversial (Steward, 1965; Stamps, 1977), male Podarcis
hispanica are very aggressive to each other (unpublished observations).

Conspecific chemical detection prov1dcs them with the possibility of tetritory

scent marking, which is energy- saving if risky conflicts with conspecifics are
to be avoided. - '
_ Chemosensoty sex discrimination has been clearly established in a few
species of lizards. Male Eumeces laticeps, but not females, distinguish male
from female odors and can follow scent trails (Cooper and Vitt, 1984; 1986¢).

. Chemosensory sex discrimination has also been suggested for other lizards

(Duvall, 1979; 1981; Bauwens er al., 1987; Mason and Gutzke, 1990). The

" tesults of Bauwens er al (1987) indicate that sex discrimination in male Lacerta

vivipara might be accomplished through a combination of visual and chemical
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stimuli. In one of the eatliest experimental studies of lizard pheromones,

. Greenberg (1943) demonstrated that a sexual pheromeone is present in the tail -

of the gecko, Coleonyx variegatus. Using a unique experimental design,
- Greenberg switched the tails of males and females and found that males readily
courted female-tailed males. We have observed that courting male Podarcis

hispanica tongue-flick repeatedly at the females’ tails and alsc appear to follow”

females by scent trajling (unpublished observations). Furthermore, tail-biting,

a behavior pattern that may be related to chemoreception (Greenberg, 1943;
. Gove, 1979), oecurs during courtship in P. hispanica and some other lacertids .

* (Kitzler, 1941 ; Verbeek, 1972).
Neither males nor females in our experiment exhibited a different pattern of

tesponsiveness towatds male and female odors, providing no evidence of sex

discrimination. Since our experiment was conducted outside the reproductive
season, the results of this study call for a replication using sexually active
Iiz_éfds. As in L. vivipara, sex disctimination might only seem apparent through
a joint presentation of chemical and visual cues. Alternatively, the absence of
differences in response to male and female chemical cues may indicate that

these cues function not for sex recognition but, pérhaps, for-individual.

~ recognition (Alberts, 1989). Experimental designs with controlled interactions,
as those of Greenberg (1943) or Bauwens et al. (1987), or simultancous

" presentation of chemical stimuli (e.g. Duvall, 1979) are expected to yield better

results on this particular issue. -

Another point of discussion is the source of the chemical cues detected by
the lizards. For males, the more likely source is the femoral glands, present in
a row on the ventral surface of the hind legs. These glands are sexually
dimotphic, being larger and more active in males than in females (Cole, 1966).
The location of the femoral glands makes them ideal for passively marking the
substrate as the lizard moves about its home range. Alberts (1989) reported that
femoral gland secretions, besides being a visual signal through reflection of
ultraviolet ligfit, elicit chemosensory investigation in the iguanid Dipsosaurus
dgrsalis. In female Podarcis hispanica, whose femoral glands are small and
probably inactive, another source of pheromone may be at work. That both
male and female P. hispanica wipe their cloacae after defecating suggests that
cloacal secretions may possibly be of importance. Another suggestive piece of
evidepce is the coincidence of the onset of mating activity with shedding in
" male Lacerta vivipara (Bauwens et al., 1989). Although visual differerices
between pre-moulted and post-moulted males cantiot be discarded, Bauwens ez
al. (1989) proposed that a release of pheromone following moulting might
. increase chemoreceptive detection of conspecific male lizards. In contrast,
female moulting shows no obvious correlation with reproductive behavior.
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In conclusion, our results provide evidence that Podarcis hispanica use
chemical cues when exploring a new environment and that they can discriminate
conspecific from heterospecific sociochemicals. This study also raises a number '
of interesting questions that can only be answered by further research,

Summary

. Recent years have witnessed a remarkable surge of interest in the replilian
chetmnical senses. In spite of this interest, the chemosensory abilities of lacertids
remain largely unexplored. The experiments described in this report were
aimed at clarifying the role of the chemical senses in exploratory and social
behavior of 2 lacertid, the Spanish wall lizard, Podarcis hispanica.

In the first experiment, lizards were observed in three experimental -
conditions; (1) home control, (2) handling control, and (3) novel ¢age. Each
lizard was tested in all three conditions for 13 cénsecutive days. During each
observation period we recorded several behavior paticrns, including longue-
flicks. Tongue-flick rate was higher in the novel cage than in the two control
conditions, suggesting a prominent role of chemoreception in the exploratory
behavior of this species.. Also, a decrease of tongue-flick rates over time in the
novel c_:agé condition indicates habituation of the exploratory response to novel

environments. : : ‘ :

In the second experiment we recorded the behavior of several lizards
following transfer to cages soiled by conspecifics or syntopic heterospecifics
(Psammodromus algirus) of either sex. Handling and odor controls were
included for comparison. Tongue-flick rates of both males and females were
significantly elevated in cages previously occupied by conspecifics. Males also
exhibited high rates of foot-shake, a putative appeasement display, when
transferred to cages previously occupied by any lizard. These results suggest
that Podarcis hispanica is capable of-discriminating conspecifics from

“heterospecifics by chemical cues alone.
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