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Summary. Experimental tests were conducted to deter-
mine whether the ambush foraging iguanian lizard,
Liolaemus zapallarensis, was capable of discriminating
prey chemicals from control substances and whether
this lizard exhibits strike-induced chemosensory search-
ing (SICS) or its components after biting prey. The two
components of SICS are a poststrike elevation in
tongue-flicking rate (PETF) and apparent searching
movements for relocation of prey that has been bitten,
but released or escaped. Liolaemus zapallarensis failed
to discriminate prey chemicals from control substances,
but exhibited significant PETF lasting one minute.
SICS was absent in L. zapallarensis because no post-
strike movements were observed. The absence of both
prey chemical discrimination and SICS exhibited by L.
zapallarensis is common to all the insectivorous iguani-
ans and ambush foraging lizards studied to date. How-
ever, L. zapallarensis is the first insectivorous iguanian
species shown to exhibit PETF. The results suggest that
L. zapallarensis does not use the tongue for detection,
identification, or relocation of prey while foraging. The
possibility does remain that L. zapallarensis may be
capable of chemically identifying prey once the prey
stimuli reach the oral cavity.

Key words. Prey chemicals — tongue-flicking — PETF —
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Introduction

Chemical discrimination of prey based on tongue-flick-
ing prior to attack occurs in several families of lizards
(Cooper 1990a). The ability to discriminate prey chem-
icals in lizards is correlated with foraging mode and
may be important to many lizards in locating and
identifying prey (Cooper 1989a). Discrimination of
prey chemicals from control stimuli is present in several
families of active foragers (Cooper 1989a,b, 1990b,c)
which move through the environment while seeking
their prey and rely on prey chemicals to detect prey
(Cooper 1989a,b, 1990c). However, prey chemical dis-
crimination is absent in several families of sit-and-
wait foragers: Phrynosomatidae, Polychridae, and
Chamaeleonidae (Curio & Mobius 1978; Simon ez al.

1981; Cooper 1989b,c), which remain immobile much
of the time while foraging, and use vision as the pri-
mary means of detecting prey. Active foragers are more
likely to use chemical cues to relocate and recover prey
that has escaped or been released than are ambush
foragers.

Strike-induced chemosensory searching (SICS) is a
unique squamate chemosensory behavior. SICS consists
of a combined increase in tongue-flicking rate and
locomotory searching behavior that occurs after a prey
item has been bitten and then escapes, is voluntarily
released, or is removed from the mouth. The tongue-
flicking component of SICS is referred to as poststrike
elevation in tongue-flicking (PETF) (Cooper 1991).
SICS presumably helps lizards find and follow odor
trails of released or escaped prey (Cooper 1989c) and
may aid in the location of other individuals of the same
prey type that may be in the immediate vicinity
(Cooper 1991).

SICS was originally studied in rattlesnakes (Chiszar
& Scudder 1980). These snakes strike large prey, then
release it voluntarily. Shortly after releasing the enveno-
mated prey, a rattlesnake greatly increases its tongue-
flick rate and follows the prey’s trail by tongue-flicking.
By the time the prey is relocated, it has died or is
greatly weakened and no longer poses a threat to the
snake. Thus, SICS allows the snake to attack dangerous
prey with a greatly reduced chance of being injured
(Chiszar & Scudder 1980; Chiszar et al. 1982, 1983,
1985, 1986).

Recently, SICS has been demonstrated in two spe-
cies of nonvenomous snakes that do not use a strike-re-
lease-trail strategy (Cooper e al. 1989), and in several
species of lizards including a varanid, Varanus exanthe-
maticus (Cooper 1989c¢), a cordylid, Gerrhosaurus nigro-
lineatus (Cooper 1992a), and a lacertid, Podarcis
muralis (Cooper 1991). From these findings Cooper
(1989c¢) hypothesized that SICS may occur in any squa-
mate that uses the lingual-vomeronasal system exten-
sively during foraging.

This paper reports the first experiments on the
possible presence of prey chemical discrimination,
PETF, and SICS in a tropidurid lizard, L. zapallarensis.
The family Tropiduridae is part of the iguanian radia-
tion (Camp 1923; Estes et al. 1988), members of which
are typically sit-and-wait foragers and have long been
believed to use visual, rather than chemical cues in
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social behavior and feeding (Evans 1961; Cooper
1989b). Tropidurids are sit-and-wait foragers, but there
is no specific information available on the diet and
feeding ecology of the multi-colored swift, L. zapal-
larensis.

All available information suggests that insectivo-
rous iguanian lizards that are strict ambush or sit~and-
wait foragers neither discriminate chemical prey cues
from chemical control stimuli nor use chemical cues
while foraging (Cooper 1989b, 1990b, 1992b). If a strict
ambush forager were to strike a prey item and the prey
item were to escape, continued ambush tactics would
preclude relocation of prey by tongue-flicking in most
instances. Cooper (1992b) therefore predicted that
SICS and PETF may be absent or reduced in lizards
that do not discriminate prey chemicals from control
substances and in those that do not use the tongue to
detect chemical prey cues while foraging. Here, we
predicted that L. zapallarensis, would not demonstrate
prey chemical discrimination, PETF, or SICS.

Materials and methods
Animals and maintenance

Fifteen adult L. zapallarensis were obtained from a commercial
dealer. The lizards were allowed to become habituated to the labora-
tory conditions for at least three weeks prior to the beginning of
testing. The experiments were conducted between 1000 and 1600 h
when the lizards were active. Each lizard was housed individually in
a 51 x 26 x 32 cm glass terrarium with a sand substrate and a plastic
shelter. The ambient room temperature was maintained at 28-30°C
and heat lamps allowed thermoregulation during the lighted portion
of a 12:12 LD light cycle. Water and food were available ad libitum.
Each lizard ate normally following all experimental condition.

Prey chemical discrimination

The ability of L. zapaliarensis to discriminate chemical prey stimuli
from control stimuli by tongue-flicking was tested experimentally by
presentation of chemical stimuli on cotton-tipped applicators (Burg-
hardt 1967; Cooper & Burghardt 1990a). Each of fifteen adults were
tested for responses to prey surface chemicals, cologne, and distilled
water. Distilled water was an odorless control for reactions to the
experimental setting. Cologne was a pungency control, i.e., a control
for reactions to a highly volatile stimulus that lacks trophic or social
relevance. Stimuli were prepared by immersing the cotton tip of an
applicator in distilled water and then adding other stimuli if neces-
sary. Prey chemical stimuli were imparted by pressing the wetted
swab on the integument of a domestic cricket and rolling it across the
integumentary surface to obtain a chemical sample that was both
representative of much of the cricket’s surface and evenly distributed
on the swab. Cologne (Mennen Skin’ Bracer, Spice Scent) was added
to a moistened swab by brief immersion.

The experiment was conducted on 4 May 1992 between 1000 and
1500 b when the lizards were fully active. The lizards were not fed
during the four days before the experiment. Plastic shelters were
removed from home terrariums one hour before the first trials began
and were not replaced until the end of the experiment. Although the
ambient air temperature in the room was only 26°C, sand surface
temperatures near the heat lamps were in the low to mid 30s.
Although we did not measure lizard body temperatures, they were
normally in the low 30s in the laboratory conditions. This is impor-
tant because tongue-flicking rates in lizards are affected by tempera-
ture (Cooper & Vitt 1986). However, there is no evidence that
tongue-flick rates to various stimuli are differentially affected.
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Each trial was begun by preparing a fresh stimulus, slowly
approaching a lizard’s terranium, removing its screen top carefully to
avoid noise or mechanical disturbance, and placing the cotton tip of
an applicator 1.5 cm anterior to a lizard’s snout. Tongue-flicks and
bites directed to the swab were recorded for 40 s. Because no tongue-
flicks occurred in most trials, after 40 s and again at 50 s, the swab
was gently brought into contact with the lizard’s anterior labial scales.
This procedure often induces tongue-flicking. Tongue-flicks were
recorded until the trial was terminated after 60s.

Variables analyzed were numbers of tongue-flicks, tongue-flick
attack scores (TFAS(R)), and number of bites. TFAS(R) combines
tongue-flicking and biting in a composite measure of response
strength. If no biting occurs, TFAS(R) is the number of tongue-flicks.
If a lizard bites, TFAS(R) is the greatest number of tongue-flicks
performed by that lizard in any of the experimental conditions plus
(trial duration — latency to bite in seconds). In this experiment, trial
duration was 40 s for analysis of respounses prior to touching a swab
to labial scales, 60 s for all data, and 20 s for data after a lizard was
touched by a swab. Use of TFAS(R) ensures that biting, indicating a
strong predatory response, is weighted more heavily than any amount
of tongue-flicking.

The three conditions were presented in an incompletely counter-
balanced sequence in which each stimulus was presented to an equal
number of lizards in each of the three trials. Because no tongue-flick-
ing or biting occurred in many trials, the assumption of normality
required for parametric analysis of variance was violated. Data were
analyzed nonparametrically by Friedman two-way analysis of vari-
ance (Siegel 1956) using an alpha value of 0.05 and two-tailed tests.
Other nonparametric tests were conducted as in Siegel (1956).

PETF and SICS

The experimental design used to investigate the presence of PETF
and SICS was that of Cooper (1989¢). Fourteen adult L. zapallarensis
were tested in a partially counterbalanced order in four stimulus
conditions. The lizards were not fed for three days prior to each
experimental condition to ensure feeding motivation among stimuli.
Each lizard was tested once per day. Plastic shelters were removed
from the terrariums prior to each experimental condition and re-
placed immediately at the conclusion of that trial.

A trial was begun when the investigator slowly approached the
terrarium, removed the lid of the terrarium, and positioned one of the
experimental stimuli approximately twenty centimeters anterior to the
lizard’s snout for fifteen seconds, except as noted below.

The string condition consisted of visual presentation of hand-held
string, which was used in other conditions to tether live crickets
(Acheta domesticus). The string condition served as a disturbance
control for effects of the presence of the experimenter’s hand, string,
and opening the lid of the cage on the lizard’s tongue-flicking rate.

The visual condition consisted of visual presentation of a live
cricket. In this condition the tethered cricket was shown to the lizard
for fifteen seconds without allowing the lizard to approach, tongue-
flick the prey directly, or attack the prey. If the lizard approached the
prey, the prey was immediately removed from the terrarium.

The pull condition served as a control for the effects of removing
bitten prey from a lizard’s mouth. In this condition the tethered
cricket was presented to the lizard until the lizard showed signs of
preparing to attack. The prey was then immediately removed from
the terrarium and the lizard simultaneously grasped and pulled away
from the prey, before any oral contact with the prey occurred.

In the strike condition, the lizard was allowed to bite the prey
item. The prey was pulled out of the lizard’s mouth immediately after
having been bitten. This was accomplished by grasping the lizard with
two fingers directly behind the head and simultaneously pulling the
string in order to remove the bitten prey. Forced removal of prey
from a lizard’s mouth is a somewhat drastic experimental procedure
that requires contact with the lizard, but is necessary for demonstra-
tion of PETF in species that do not voluntarily release their prey
(Cooper 1991). Although forced removal of prey might seem likely to
have behavioral effects beyond those on tongue-flicking, such as
increased locomotion, the disturbance does not elicit the full SICS
response (Cooper et al. 1989).

After termination of the experimental stimuli, tongue-flicks and
putative searching movements were counted in all conditions. A
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searching movement began when the lizard crawled and ended when
the lizard stopped moving. Tongue-flicks and searching movements
were recorded for two minutes. PETF was considered to be present if
there was a significantly higher number of tongue-flicks in the strike
condition than in all three of the control conditions. SICS was present
if PETF was accompanied by a significant higher number of search-
ing movements in the strike condition than in all three of the control
conditions {Cooper 1991).

Data for PETF and SICS were nonnormal due to the presence of
many zero values and the variances were intractably heterogeneous.
Therefore, they were analyzed nonparametrically by a Friedman
two-way analysis of variance for each minute (Siegel 1956) followed
by muitiple comparisons (Hollander & Wolfe 1973; Zar 1974). Statis-
tical tests are two-tailed with ¢ = 0.05 unless stated otherwise.

Results
Prey chemical discrimination

The lizards exhibited low tongue-flick rates in all condi-
tions, even after being stimulated by contact with
swabs, and the lizards rarely bit the swabs (Table 1).
Most tongue-flicks were typical straight extensions out-
side the oral cavity, but some individuals extended their
tongues only enough to lick either their anterior or
lateral labial scales. Such labial-licks were observed
only after contact with swabs following either biting,
tongue-flicking, or being touched on the labials by
swabs.

Prior to touching of the labial scales with a swab,
the most frequent response was no tongue-flicking.
Only 3 of the 15 lizards tongue-flicked in the cricket
condition, 6 in the cologne condition, and 2 in the
distilled water condition. Only 2 individuals bit swabs,
both in the cologne condition; one of them bit prior to
any lingual protrusions. The main stimulus effect was
not significant for either tongue-flick rate (X? = 3.07,
df=2, P>0.10) or TFAS(R) (X?=15.63, df=2,
P > 0.10). Total ranks of responses elicited by cricket
stimuli and distilled water were nearly identical.

Responses to cologne were slightly stronger than
the cricket and distilled water stimuli, but not
markedly. Both individuals that bit, and only those
individuals, subsequently performed labial-licks. Addi-

Table 1 Responses by 15 adult Liclaemus zapallarensis during the
initial 40 s of exposure to stimuli on cotton-tipped applicators.
n = number of individuals with nonzero responses

Cricket Cologne Water
Tongue-flicks
X 0.2 L1 0.3
SE 0.1 0.5 0.3
n 3 6 2
TFAS(R)
b 0.2 3.5 0.3
SE 0.1 2.0 0.3
n 3 7 2
Labial-licks
X 0.1 0.7 0.0
SE 0.1 0.5 -
n I 2 0
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tional signs that some lizards detected cologne were
that 2 individuals opened their mouths and one shook
its head, both rare responses in other contexts.
Combining biting, opening mouths, and head-shaking
as indications of reactions to cologne, 5 individuals
reacted to cologne and none reacted to either of the
other stimuli. Under the hypothesis that cologne, being
volatile, is more likely than the other stimuli to be
detected even in the absence of tongue-flicking, cologne
is significantly more likely to be detected than either
cricket stimuli or distilled water (sign tests, P =0.03
each).

During the interval after the snout was touched by
a swab, no individuals bit. A higher proportion of
individuals tongue-flicked in the initial 40 s than in the
cricket and distilled water conditions, but not in the
cologne condition. In the cricket condition, 12 lizards
tongue-flicked at least once, a significantly greater pro-
portion than in the initial 40s (McNemar test,
P < 0.01). In the water condition, 7 individuals tongue-
flicked once or more, and the proportion of individuals
tongue-flicking was significantly higher than in the ini-
tial 40 s (McNemar test, P =0.03). Only 7 individuals
tongue-flicked in the cologne condition, one more than
in the first 40 s. However, of these 7, 6 had not tongue-
flicked earlier.

After lizards were touched by a swab, the pattern of
rank sums differed from that in the initial time period
in that the rank sums were nearly equal for cologne and
distilled water, but indicated somewhat stronger re-
sponse to cricket stimuli. However, the condition effect
was not significant (X? = 3.73, df = 2, P > 0.10, tongue-
flicks = TFAS(R) in the absence of any biting). Ordinal
data for the entire 60 s revealed no indication of prey
chemical discrimination for tongue-flicks (X2=1.73,
df=2, P>0.10) or for the TFAS(R) (X2=1.60,
df=2, P >0.10).

Labial-licks occurred either after biting or after
contact with swabs, but never prior to biting or other
direct contact. In the initial 40s 2 individuals per-
formed labial-licks in 3 trials. One lizard in the cricket
condition licked its labials twice after contacting the
swab by tongue-flicking. In the cologne condition, both
individuals that bit subsequently performed labial-licks.
One of these licked its labials in the cricket condition.
Labial-licks occurred in a significantly higher propor-
tion of trials in the cologne condition following biting
than in trials in which biting did not occur (Fisher test,
P < 0.02). In the final 20 s two individuals licked their
Iabial scales, one in the cricket condition and one in the
cologne condition. For the entire 60 s two lizards licked
their labials in the cricket condition, three in the
cologne condition, and none in the distilled water con-
dition.

Results of statistical analysis for total lingual pro-
trusions, the sum of labial-licks and tongue-flicks, are
similar to those based on tongue-flicks alone. In the
initial 40s, there is no significant variation among
conditions (X? = 2.03, df =2, P > 0.10 for lingual pro-
trusions and X2=2.10, df =2, P >0.10 for an inclu-
sive TFAS(R)). Statistical values in the final 20 s were
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identical for tongue-flicks and total lingual protrusions.
For the entire 60 s trial no differences among conditions
were apparent (X2=2.03, df =2, P >0.10) for both

lingual protrusions and the inclusive TFAS(R).

PETF and SICS

Liolaemus zapallarensis exhibited two distinct lingual
behaviors, labial-licking and tongue-flicking. The num-
ber of tongue-flicks (Fig. 1), labial-licks (Fig. 2), and
their combined values (Fig. 3), varied significantly
among all conditions only during minute one. No
movement was observed during any of the conditions

during minute one or minute two.

The main treatment effect for tongue-flicks in
minute one was highly significant (n = 14, X? = 14.19;
df = 3; p < 0.001). In minute one the number of tongue-
flicks in the strike condition was significantly greater
than in the pull condition (p < 0.05), the visual condi-
tion (p < 0.025), and the string condition (p < 0.025).

Mean number of tongue-flicks

Fig. 1 The mean number of tongue-flicks emitted by Liolaemus
zapallarensis for two minutes following the removal of the experimen-
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Fig. 2 The mean number of labial-licks emitted by Liolaemus zapal-
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Fig. 3 The mean number of combined tongue-flicks and labial-licks
emitted by Liolaemus zapallarensis for two minutes following the
removal of the experimental stimuli

No other differences were significant between pairs of
conditions. No tongue-flicks were observed in any of
the four test conditions during minute two (Fig. 1).

The main treatment effect for labial-licks during
minute one was highly significant (X2 = 17.85; df = 3;
p < 0.001). There were significantly greater numbers of
labial-licks in the strike condition than in the pull
condition (p < 0.025), the visual condition (p < 0.003),
and the string condition (p < 0.005). There were no
significant differences in labial-licks between other con-
ditions. No labial-licks were observed in any of the four
test conditions during minute two (Fig. 2).

The main treatment effect for tongue-flicks and
labial-licks combined during minute one was highly
significant (X? = 18.71; df = 3; p < 0.001). Differences
in the strike condition than in the pull condition, in the
visual condition, and in the string condition were all
significant (p <0.05). No other pairs of conditions
differed significantly during minute one. No tongue-
flicks or labial-licks were observed in any of the four
test conditions during minute two (Fig. 3).

Discussion
Prey chemical discrimination

The results evince no indication of lingually mediated
prey chemical discrimination by L. zapallarensis. This is
apparent from the absence of significantly greater re-
sponses to cricket stimuli than to either cologne or
distilled water in any of the analyses. Differences did
not approach significance in the direction predicted for
prey chemical discrimination, null probabilities being
greater, usually substantially greater, than 0.3 for the
Friedman two-way analyses of variance.

Furthermore, the probability of rejecting a false null
hypothesis is quite high in studies of this sort, even
using considerably smaller sample sizes (Cooper 1989b,
1994). Based on previous studies using the same design,
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a power analysis can be conducted to gauge the proba-
bility of making a type II error (Winer 1962). The phi
function for such experiments has been estimated to be
0.59 (Cooper 1989b). For this value, the probability of
a type II error with a sample size of fifteen is less than
0.1. Given this strong statistical power and the failure
of the results to even closely approach significance, we
conclude that L. zapallarensis did not discriminate prey
chemicals from the control substances.

Absence of prey chemical discrimination by L. za-
pallarensis is consistent with previous findings for
lizards belonging to insectivorous iguanian families
and to scleroglossan families that forage by ambush.
As in other iguanians studied (Cooper 1989b), most
individuals do not tongue-flick the swabs at all unless
the swab is first brought into contact with the labial
scales, which presumably induces transfer of the chem-
ical stimuli to the vomeronasal organs (Graves &
Halpern 1989).

The failure to investigate swabs by tongue-flicking
differs markedly from the behavior of typical actively
foraging scleroglossans, which tongue-flick at much
higher rates both in experimental trials and in the field
(Evans 1961; Cooper 1989a,b; Cooper & Vitt 1989).
The negative findings of the present study strongly
suggest that in L. zapallarensis the tongue does not
participate in detection or identification of prey during
foraging. All available evidence, although it is limited,
indicates that the presence or absence of lingually medi-
ated prey chemical discrimination is fixed within lizard
families. Thus, its absence is probably typical of mem-
bers of the family Tropiduridae.

Because neither cologne nor prey chemicals elicited
stronger responses than distilled water, there is no
evidence from the nonparametric anovas that the
lizards even detected these chemicals. For cologne,
however, the presence of biting, opening the mouth,
and head-shaking and the associated statistical differ-
ences from other conditions in the initial 40 s suggest
that the lizards did detect cologne. Tongue-flicking was
not necessary for this detection, the response occurring
prior or in the complete absence of tongue-flicks. Be-
cause the olfactory and vomeronasal system of turtles
appear to be about equally sensitive to a variety of
volatile substances (Shoji & Kurihara 1991), detection
of volatile substances from cologne may be mediated by
either olfaction or vomerolfaction (Cooper & Burg-
hardt 1990b).

The increases in proportions of individuals tongue-
flicking in the cricket and distilled water conditions
after swabs contacted the labial scales were not neces-
sarily responses to chemical stimuli. Lingual investiga-
tion instead might have been elicited by mechanical
stimulation or by water in the swab. Although these
factors both might account for some of the increase in
responsiveness, there is a hint that the lizards may have
detected prey chemicals. All 7 individuals that tongue-
flicked in the water condition in the last 20 s also did so
in the cricket condition, but an additional 5 tongue-
flicked in the cricket condition (sign test, P =0.06,
two-tailed).

CHEMOECOLOGY

Even if the lizards did detect the chemicals, there is
no indication that they discriminated them from
cologne. A sign test similar to the above gives P =0.12
(two-tailed) for the difference between proportions
tongue-flicking in the cricket and cologne conditions
after being touched by a swab. Even this nonsignificant
probability is misleadingly low because most individu-
als that responded to cologne before being touched by
the swab did not respond further after being touched.
Proportions of lizards tongue-flicking in the two condi-
tions during the entire trial were quite similar (Table 1).
There is thus no evidence of prey chemical discrimina-
tion after being touched by a swab. Such evidence, were
it found, would not indicate that L. zapallarensis used
the tongue to sample prey chemicals from the external
environment.

Labial-licks, as they occurred only after direct con-
tact with a swab, could also reflect responses to chemi-
cals or fluids on the swab or to mechanical stimulation.
The complete absence of labial-licks in the water condi-
tion suggests that the response is to chemical stimuli,
but the infrequent occurrence of labial-licks in the other
conditions precludes strong inference.

PETF and SICS

The significantly higher tongue-flick rate in the strike
condition as compared to any of the three other condi-
tions for min 1 (Fig. 1) demonstrates that PETF exists
in L. zapallarensis for one minute. That L. zapallarensis
did not exhibit any tongue-flicks, labial-licks, or move-
ments during minute two shows that the response is of
brief duration.

These results are consistent with the prediction that
PETF should be brief in squamates, such as insectivo-
rous lizards, that feed on prey not likely to be located by
scent trailing (Cooper 1992b). PETF is quite brief or
absent in the insectivorous lizards studied to date; a
lacertid, Podarcis muralis (1 min; Cooper 1991); a scin-
cid, Eumeces laticeps (1 min; Cooper 1992b); a cordylid,
Gerrhosaurus nigrolineatus (2 min, Cooper 1992a); a
polychrid, Anolis carolinensis (absent; C. S. DePerno &
W. E. Cooper unpubl.); a tropidurid, Liolaemus zapal-
larensis (1 min; this study); a eublepharid, Eublepharis
macularius (absent; C. S. DePerno & W. E. Cooper
unpubl.); and a gekkonid, Gekko gecko (absent; C. S.
DePerno & W. E. Cooper unpubl.).

Labial-licking, a licking of the labial scales around
the mouth, was nearly as frequent as tongue-flicking
directed to the external environment. The function of
labial-licking is largely unknown, but it may serve as a
cleaning behavior or for chemical sampling of labials.
Such licking could be a response to vomeronasal stimu-
lation as a result of biting prey and may lead to further
delivery of prey chemicals already sampled by the
tongue or present on the labials (Graves & Halpern
1989; Cooper 1994). Given the absence of searching
movements, it is unclear whether labial-licking affects
subsequent responses to prey.
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Prey chemical discrimination, PETF, and SICS in
iguanian ambush foragers

Liolaemus zapallarensis is the first insectivorous igua-
nian species shown to exhibit PETF. However, the prey
chemical responses of this species are in most respects
typical for ambush foraging insectivorous iguanian
lizards. These lizards failed to discriminate prey chemi-
cals from control stimuli, tongue-flicked at very low
rates even after biting prey, and did not exhibit search-
ing movements. It is clear that they did not use chemi-
cal cues to identify prey prior to attack or to relocate
prey that had been removed. Iguanian insectivores ap-
pear to attack their prey with no preliminary tongue-
flicking or other apparent chemosensory investigation
(Simon et al. 1981). It was apparent through behavioral
observations of L. zapallarensis that they responded
primarily to visual stimulation and not chemical cues.
Vision is the dominant sense for lizards in several
iguanian families; extensive use of vision may be of
primary importance in iguanid feeding, territorial and
courtship behaviors (Underwood 1951, 1970; Burg-
hardt 1964; Bellairs 1970).

Despite the basic similarities of chemosensory re-
sponses by prey to those of other iguanian ambush
foragers, the findings of PETF and elevated labial-lick-
ing in the minute after removal of prey are unique for
iguanians and ambush foragers studied to date. Al-
though, L. zapallarensis employs the tongue neither to
detect prey while foraging nor while performing search-
ing movements during attempts to relocate prey, it is
possible that the brief increases in tongue-flicking rate
and labial-licking may be functional after prey has been
lost. One function might be further transfer of prey
chemicals to the vomeronasal organs. Continuing stim-
ulation might enhance attention to appropriate prey
stimuli during visual search for escaped prey. Alterna-
tively, as noted above, the minimal tongue-flicking and
labial-licking could represent responses to nonchemical,
likely mechanical stimuli and might serve for cleaning
or other functions.

The resuits indicate that L. zapallarensis does not
use chemical cues obtained by tongue-flicking to locate
prey, but the possibility remains that this species can
identify prey chemically once chemical stimuli reach the
mouth. The presence of both prey chemical discrimina-
tion and PETF in an iguanid herbivore, Dipsosaurus
dorsalis (Cooper & Alberts 1990) suggests that other
iguanians may possess latent abilities to identify prey
based on lingually sampled chemical stimuli.

Both PETF and increased labial-licking in the strike
condition may indicate that L. zapallarensis responded
to prey chemicals sampled by biting. Although mechan-
ical stimuli might account for the observed increase in
lingual protrusion, previous studies in another lizard
and snake have demonstrated that increased tongue-
flicking after oral mechanical and chemical stimulation
is a specific response to chemical stimuli (Cooper e al.
1989; Cooper 1992b). Further study is needed to deter-
mine whether such latency prey chemical discrimination
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occurs in L. zapallarensis and other lizards that do not
tongue-flick while foraging.
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