
Chemoecology 7:179-183 (1996) 0937- 7409/96/040179-05 $1.50 + 0.20 
© 1996 Birkh~.user Verlag, Basel 

Effects of movement and eating on chemosensory tongue-flicking and on 
labial-licking in the leopard gecko (Eublepharis macularius) 
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Summary. Two forms of lingual protrusion, tongue- 
flicking and labial-licking, were differentially affected 
by combinations of movement and eating conditions in 
a eublepharid gecko (Eublepharis macularius). Tongue- 
flicking, in which the tongue contacts substrates beyond 
the lizard's body, occurred at increased rates during 
!ocomotion and during locomotion was significantly 
more frequent after eating than in a baseline condition. 
Labial-licking, in which a protruded portion of the 
tongue touches the labial, mental or rostral scales that 
surround the mouth, increased after eating. Unlike 
tongue-flick rates, by far the highest labial-lick rates 
were observed in stationary lizards after eating. The 
elevated tongue-flicking rates during movement after 
eating may be a manifestation of a postingestive 
chemosensory search for prey. In addition to grooming, 
several possible chemosensory functions of labial-lick- 
ing are discussed, including gustatory sampling, sam- 
pling prey chemicals on the labials for transfer to the 
vomeronasal system, and redistribution of chemicals on 
the tongue to enhance transfer. It is suggested that 
labial-licking might help motionless lizards maintain 
vigilance for visual prey stimuli associated with the 
specific chemical prey cues. Another possible explana- 
tion for the increased labial-lick rate while motionless 
after eating is that prey chemicals induce tongue-flick- 
ing, but that the distance protruded is lessened and the 
tongue does not contact environmental substrates. 
Tongue-flicking while stationary is unlikely to lead to 
detection of additional prey and might incur detection 
by the lizard's predators or prey. 
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Introduction 

Lingual protrusion has been studied primarily and ex- 
tensively as an indication of chemical sampling of the 
external environment by squamate reptiles (reviewed by 
Burghardt 1970; Simon 1983; Halpern 1992; Mason 
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1992; Cooper 1994a). However, the tongue in various 
lizards may be protruded in many different ways having 
different functions including not only chemical sam- 
pling, but grooming, prey prehension, swallowing, 
drinking, and feeding by licking (e.g., Burghardt et al. 
1986; Bels et al. 1994; Cooper 1994b). The type, extent 
and duration of lingual protrusion differ among social, 
feeding, exploratory and defensive contexts (Gore & 
Burghardt 1983). The tendency to touch substrates, 
objects, or merely to pass the tongue through the air 
during lingual protrusions also varies markedly in dif- 
ferent behavioral settings (Burghardt et al. 1986). Be- 
cause many squamates exhibit two distinct types of 
lingual protrusions, tongue-flicking and labial-licking, 
when exposed to prey chemicals before feeding or after 
feeding, it is important to understand the relationships 
of these behaviors to chemical sampling. 

Tongue-flicking, in which the tongue is protruded 
from the mouth through a volume of air and often 
contacts a substrate, serves to sample chemicals that are 
delivered indirectly to the vomeronasal organs (Gilling- 
ham & Clark 1981; Graves & Halpern 1989; Young 
1990, 1993). Thus, tongue-flicking serves as a conve- 
nient index of chemosensory investigation by vomerol- 
faction (Burghardt 1967; Cooper & Burghardt 
1990a,b). In addition to this vomerolfactory function, 
tongue-flicking may gather samples for gustation 
(Schwenk 1985) when environmental substrates are 
contacted. 

Labial-licking is protrusion of the tongue to contact 
the labial and/or rostral and mental scales and perhaps 
immediately adjacent surfaces; the tongue is not swept 
through the air or brought into contact with substrates 
beyond the body (DePerno & Cooper 1993, 1994; 
Cooper 1994b). Sometimes the tongue contacts primar- 
ily the laterally placed labials, especially after eating 
(e.g., Cooper 1994b), but also at times after contact 
with prey chemicals by tongue-flicking or experimental 
oral contact (DePerno & Cooper 1996). 

The functions of labial-licking are uncertain. Be- 
cause extensive labial-licking often occurs after eating, 
it has been presumed to be grooming behavior. It has 
been suggested recently that labial-licking rids the 
vomeronasal organ of previous chemical samples 
(Desfilis et al. 1993). However, no necessity to do so 
has been established. That labial-licking increases after 
exposure to prey chemicals in geckos (Eublepharis mac- 
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ular ius)  tha t  have not  eaten (Coope r  et  al. in review; 
DePerno  & C o o p e r  in review) is consis tent  wi th  ei ther 
the e l iminat ion  hypothes is  or  with chemosensory  inves- 
t iga t ion  by  gus ta t ion  or  vomerol fac t ion .  F o r  the lat ter ,  
con tac t  with the labials  might  somehow increase the 
concen t ra t ion  or  avai labi l i ty  of  chemicals  sampled  by  
tongue-f l icking or  oral  contac t  on por t ions  o f  the 
tongue tha t  par t ic ipa te  in the indirect  t ransfer  o f  chem- 
icals to the vomeronasa l  ducts.  

To provide  fur ther  in fo rma t ion  regard ing  possible  
funct ions and dist inctness o f  the two l ingual  behaviors ,  
we examine exper imenta l ly  the effects o f  ea t ing and 
movemen t  on  rates of  tongue-f l icking and labia l - l icking 
in the l eopa rd  gecko E. macu lar ius .  Eat ing  might  in- 
duce labia l - l icking for  e l imina t ion  o f  chemicals  f rom 
the vomeronasa l  organs,  chemosensory  invest igat ion,  
or  cleaning; it might  s t imula te  tongue-f l icking for  
chemosensory  invest igat ion.  Because the l eopa rd  gecko 
can d iscr iminate  prey  chemicals  f rom cont ro l  sub- 
stances sampled  f rom co t tong  swabs by tongue-f l icking 
(Coope r  1995a), post- ingest ive tongue-f l icking might  be 
a p r imary  c o m p o n e n t  o f  search for  add i t iona l  prey. 
Lingual  sampl ing  associa ted  with  active search for  
chemical  prey  cues should  increase dur ing  movement .  I f  
tongue-f l icks and labial- l icks  serve s imilar  funct ions,  
their  rates should  be s t rongly  correla ted.  Therefore,  we 
examined corre la t ions  between tongue-f l icks and labial-  
licks within and  between condi t ions .  

Material and methods 

Sixteen adult Eublepharis macularius were housed individually in 
translucent plastic terraria (51 x 26 x 32 cm), each containing a water 
bowl and a plastic shelter. All were long term captives maintained on 
a 12:12 h LD cycle under fluorescent lighting at an ambient tempera- 
ture of 26-27°C. They were fed crickets to satiation twice per week. 
Except during the experiments, crickets often remained in the cages 
on nonfeeding days. Water was available ad libitum. 

To ascertain possible effects of movement and eating on lingual 
behaviors, we conducted a two x two factorial experiment. Each 
lizard was observed once after eating a cricket and once after not 
eating and its lingual behaviors were recorded separately during 
locomotion and while the lizard was still. When only the tip of the 
tongue was protruded slightly, it was sometimes difficult to assign a 
lingual protrusion to either tongue-flicking or labial-licking. If the tip 
was protruded straight forward and withdrawn without pronounced 
contact with the scales surrounding the mouth, we designated the 
behavior a tongue-flick. Only when licking was obvious was the 
protrusion designated a labial-lick. 

The experiments were conducted from 28 November-12 Decem- 
ber 1991. Lizards were not fed for at least three days before trials to 
ensure that all lizards were hungry during trials. Although E. macu- 
larius is nocturnal, trials were conducted under fluorescent lighting in 
the daytime (1100-1700). Lingual behaviors were qualitatively similar 
to those observed at night under low intensity red light (Cooper et al. 
in review). Each lizard was tested only once per day. 

Twenty minutes before trials began, an experimenter removed 
the lids and plastic shelters from the cages, being careful not to 
disturb the lizards. To begin a trial, an experimenter slowly ap- 
proached the cage and either released a cricket (eating condition), or 
simulated release (baseline condition), then withdrew to observe. 
Release of a cricket was simulate d by placing a tethered cricket on the 
floor of the cage and removing the cricket without allowing physical 
contact between cricket and lizard when the lizard prepared to attack. 
Each lizard was observed in its home cage for five minutes either 
immediately after completion of swallowing a cricket or beginning 

immediately after removal of the cricket in the control baseline 
condition. The latter condition indicated lingual protrusion rates in 
the experimental setting not attributable to attack and ingestion of 
prey. Sequence of eating conditions was counterbalanced. 

For both types of lingual protrusion, the data examined were 
numbers of protrusions per second averaged over the five minute 
observation period. Because zero values rendered the distributions of 
tongue-flicking and labial-licking nonnormal, data for both types of 
lingual protrusion were analyzed separately using nonparametric 
Friedman two-way analyses of variance. Paired comparisons were 
conducted using procedures outlined by (Zar 1984). However, the 
nonparametric analyses did not allow testing for interaction between 
eating and movement conditions. To test for interaction, data were 
also analyzed by parametric analysis of variance using a two factor 
design with repeated measures on both factors (Edwards 1968). 
Because ANOVA is robust under a wide range of violations of its 
assumptions, it is assumed that the results give a good approximation 
of the interactions. Significance levels are two-tailed with alpha = 
0.05. 

Spearman rank correlations were conducted between the tongue- 
flick and labial-lick rates within each of the movement-eating condi- 
tions, between movement conditions within eating conditions, and 
between eating conditions within movement conditions. Because tied 
ranks were numerous, all correlations were corrected for ties (Siegel 
1956). Alpha was set at 0.01 to compensate for the number (8) of 
correlations conducted. 

Results 

Lizards  tongue-f l icked at  low rates in all four  condi-  
t ions,  bu t  the mean  ra te  was subs tant ia l ly  higher  while 
moving  after ea t ing than  in the remain ing  condi t ions  
(Fig. 1). The  ma in  condi t ion  effect was significant 
(X 2 = 12.65, d f =  3, P < 0.001). Pa i red  compar i sons  
showed tha t  the number  of  tongue-f l icks per  second 
was significantly greater  while mov ing  af ter  ea t ing than  
while moving  after  no t  ea t ing (P  < 0.05), while still 
af ter  ea t ing (P  < 0.05), and  while still af ter  no t  eat ing 
(P < 0.005). A l t h o u g h  subs tant ia l ly  more  to ta l  tongue-  
flicks were pe r fo rmed  while mov ing  by l izards tha t  had  
no t  eaten than  in ei ther  cond i t ion  while not  moving,  no 
o ther  differences were significant. Pa ramet r i c  analysis  
of  var iance  revealed a significant effect of  movemen t  
( F =  12.62; d f =  1, 45; P < 0 . 0 0 1 ) ,  but  no effect of  
eat ing (F  = 2.22; d f  = 1, 45; P > 0.05) and  no interac-  
t ion between movemen t  and  eat ing (F  = 1.82; d f =  1, 
45; P > 0.05). 

Lizards  labia l - l icked f requent ly  while remain ing  still 
af ter  eating, inf requent ly  while moving  after  eat ing or  
while at  rest wi thou t  having  eaten,  and  no t  at  all while 
moving  wi thou t  having  eaten (Fig. 2). The  ma in  condi-  
t ion effect was significant (X ~=22 .86 ,  d f =  3, P <  
0.001). Pa i red  compar i sons  showed tha t  the number  of  
labial- l icks  per  second was significantly greater  while 
no t  mov ing  after  ea t ing than  in each o f  the o ther  
condi t ions  (P  < 0.001 each). N o  o ther  differences were 
significant accord ing  to the F r i e d m a n  test, bu t  six indi-  
viduals  pe r fo rmed  at  least  one labial - l ick while moving  
after  eat ing whereas  no l izard  labia l - l icked while mov-  
ing wi thou t  having eaten (sign test, P =  0.03, two- 
tailed).  Pa rame t r i c  analysis  o f  var iance  showed 
significant effects o f  ea t ing (F  = 177.86; d f  = 1, 45; P < 
0.001) and  m o v e m e n t  ( F =  133.93; d f =  1, 45; P <  
0.001). However ,  the in te rac t ion  between eat ing and 
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Fig. 1 Mean tongue-flicks (TF) per 
second (+SE) by moving (M) and 
stationary (S) leopard geckos (Eu- 
blepharis rnacularius) after eating (E) 
and in baseline (B) condition without 
exposure to prey chemicals 

movement was significant (F = 36.87; d f =  1, 45; P < 
0.001). 

Tongue-flicks/sec while moving were not signifi- 
cantly correlated with labial-licks/sec while still after 
eating ( r~=-0 .11 ,  n =  16, P>0.05) ,  and were mar- 
ginally, but not significantly, correlated in the baseline 
condition (rs=0.53, n = 16, P<0.05) .  Tongue-flicks/ 
sec while still were not significantly correlated with 
iabial-licks/sec after eating ( r~=-0 .02 ,  n =  16, P >  
0.05) or not eating (rs=0.00, n = 1 6 ,  P>0.05) .  
Tongue-flicks/sec after eating were not significantly cor- 
related with labial-licks/sec after not eating either while 
moving (rs = 0.00, n = 16, P > 0.05) or still (r~ = 0.06, 
n =  16, P>0.05) .  Tongue-flicks/sec after not eating 
were not significantly correlated with labial-licks/sec 
after eating either while moving (rs = - 0 . 1 6 ,  n = 16, 
P >  0.05) or still (r~= 0.14, n =  16, P > 0.05). 

Discussion 

Tongue-flicking rates increased during locomotion. 
In a wide taxonomic range of lizards, tongue-flicking 
rates are believed to increase in association with loco- 
motion (Evans 1961), especially in active foragers that 
can identify prey chemicals (Cooper 1994b,c, 1995b) 
sampled by tongue-flicking. The eublepharid E. m a c u -  
larius forages actively, but moves more slowly and 
deliberately then typical active foragers, such as teiids 
and most lacertids, and tongue-flicks at lower rates 
(Cooper, qualitative observations). 

Although the interaction between movement and 
eating was not significant according to the parametric 
test, the nonparametric analysis of variance showed 
that the tongue-flicking rate while moving was higher 
after eating then after not eating. In a previous study 
we (Cooper et al. in review) found only a suggestion 
that tongue-flicking rates by leopard geckos increased 
after prey that had been bitten was removed from the 

lizards' mouths and movement rates increased only 
after a delay of about five minutes (possibly due to 
experimental handling of lizards). Those results hinted 
that leopard geckos may perform strike-induced 
chemosensory searching, but did not firmly demon- 
strate its presence. 

The present finding that the tongue-flicking rate 
increases more during movement after eating than dur- 
ing movement when the lizards had not eaten suggests 
the presence of a postingestive chemosensory search for 
additional prey. The low, nearly identical rates of 
tongue-flicking while not moving in geckos that had 
and had not eaten is also consistent with this interpreta- 
tion because additional chemical cues to location of 
prey are unlikely to be obtained at the feeding site. 
Contact with the substrate at that site would gather 
only redundant information. Other prey items at that 
spot would very likely be detected and attacked based 
on visual or auditory stimuli. On the other hand, while 
a lizard is moving, it may encounter chemical informa- 
tion regarding the location of additional prey. 

Labial-licking rates increased after eating, but only 
while the lizards remained motionless. The absence of 
any increase in labial-licking rate during movement 
accounts for the significant interaction between eating 
and movement. Nevertheless, the greater number of 
individuals that labial-licked while moving after eating 
than while motionless in the baseline condition suggests 
that eating does produce a minor general increase in 
labial-licking, but that the increase is much greater 
while motionless. 

Although some labial-licking appears to be groom- 
ing (e.g., Bels et al. 1994; Cooper 1994b), most labial- 
licks observed during this study lacked the hallmark of 
such grooming: relatively great protrusion of the 
tongue combined with broad wiping of the labials along 
most of one side. Instead the lizards often protruded 
only the tips of their tongues and contacted only the 
rostral, mental, and anteriormost labial scales. These 



182 W. E. Cooper, Jr., C. S. DePerno and L. J. Steele 

0.30 

0.25 

0.20 

. . . I  

..= 0.15 

0.10 

0.05 

0.00 

T 
EM 

I 

ES BM 

CONDITION 

- - V -  

BS 

CHEMOECOLOGY 

Fig. 2 Mean labial-licks (LL) per sec- 
ond (+SE) by moving (M) and sta- 
tionary (S) leopard geckos (Eu- 
blepharis macularius) after eating (E) 
and in baseline (B) condition without 
exposure to prey chemicals 

labial-licks appeared to be investigatory. Even lingual 
protrusions involving broad wiping may have some 
investigative function. A previous study showed that 
labial-licking increased in response to the presence of 
prey chemicals in the mouth (DePerno & Cooper 1996). 
Possible chemosensory functions of labial-licking in- 
clude gustatory sampling, sampling of prey chemicals 
for transfer to the vomeronasal system, and redistribu- 
tion of chemicals on the tongue to enhance transfer to 
the vomeronasal system. 

That a vast majority of labial-licks were performed 
by motionless lizards after eating whereas tongue-flicks 
occur largely during locomotion suggests that labial- 
licks and tongue-flicks may have different functions. If 
labial-licking has any investigatory function, it appears 
to involve extraction of information from chemicals 
already sampled during biting, ingestion, or tongue- 
flicking. We have suggested that labial-licks might serve 
to sharpen or maintain vigilance for visual prey stimuli 
associated with the chemical cues (Cooper et al. 1996; 
DePerno & Cooper 1996). Their association with still- 
ness is consistent with visual search and suggests a role 
for additional chemical sampling or resampling to 
maintain stimulation levels. 

Differences in timing also hint that labial-licks and 
tongue-flicks may have different functions. Tongue-flick 
rates by leopard geckos exposed to prey chemicals did 
not increase until the third minute after exposure 
(Cooper et al. 1996; DePerno & Cooper 1996), but 
labial-lick rates increased immediately. In previous 
studies of two species of iguanian lizards (DePerno & 
Cooper 1993, 1994) and leopard geckos (Cooper et al. 
1996; DePerno & Cooper 1996), labial-licking increased 
rapidly after exposure to prey chemicals by biting or 
introduction into the mouth on cotton swabs. 

In the latter study labial-licking returned to control 
levels in the second minute, but in a study of strike- 
induced chemosensory searching in E. macularius 

(Cooper et al. 1996), labial-licking rates remained ele- 
vated for several minutes after exposure to prey chemi- 
cals. This might be interpreted as indicating that 
resampling by lizards while motionless helped maintain 
vigilance longer after visual, chemical, and tactile expo- 
sure to the prey than after exposure to chemical cues 
alone. An alternative hypothesis is that chemical stimu- 
lation induces tongue-flicking, but that this is partially 
suppressed while lizards are stationary in the absence of 
visual prey cues, resulting in labial-licks. 
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