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Herpetology Chemoreception Experiment 
 
Background 
 
Lizards tongue flick to sample chemical cues in their environment. These chemical 
signals permit vomerolfactory evaluation of potential food, predators, competitors, 
and conspecifics. Responses to food chemicals depend strongly on phylogeny, 
foraging mode, and diet.  
 
Predators 
Among lizard clades, most Anguimorpha and Scincomorpha can identify prey using 
chemical cues. Actively foraging lizards (primarily Anguimorpha and Scincomorpha) 
tongue flick at high rates while moving through the environment in search of prey. They 
are able to locate hidden prey using chemical cues and can discriminate between 
chemical stimuli from prey and control substances. Discrimination is indicated by 
increased rates of tongue flicking and more frequent biting of stimulus sources 
lacking visual prey cues (e.g., prey extracts presented on otherwise identical cotton 
swabs).  
 
In contrast, ambush (AKA: sit-and-wait) foragers rarely tongue flick while waiting for 
immobile prey to approach; they tongue flick primarily just after moving to new locations, 
and relatively infrequently even then. Although many species of ambush foragers have 
been tested, none has exhibited chemical discrimination to prey items (e.g., insects).  
 
Herbivores, Omnivores 
Most iguanians studied to date lack a pronounced chemical discrimination response 
(Fig. 1). Prey chemical discrimination generally does not occur in insectivorous 
iguanians and has been documented for only a few omnivores or herbivores. There are 
no actively foraging iguanian insectivores; however, there are several lineages of both 
herbivorous and omnivorous iguanians. Because plant eaters cannot ambush unmoving 
plants, they must move through their environment to find plant foods (i.e., there are not 
sit-and-wait herbivores). After visually detecting plants, herbivores may tongue flick 
particular plant parts to assess their palatability, and also may respond to the chemical 
cues they detect from other animals while foraging. Thus, natural selection should favor 
herbivores that are capable of using chemical cues to identify food and assess its 
nutritional qualities and individuals that can identify predators and conspecifics. 
 
These predictions have been tested in relatively few lizard species, but they have been 
confirmed in each case examined by Dr. William Cooper (Indiana–Purdue University) 
and his colleagues. That is, the iguanian lizards tested to date exhibited elevated 
tongue flicking and/or biting rates in response to plant food chemicals (if herbivores), but 
not to prey chemicals (if insectivores). Less frequently studied has been the response of 
lizards to chemical stimuli from potential predators or competitors.  
 



In this laboratory we will examine the lingual and biting responses of several species of 
lizards. Lizards can be offered chemical stimuli of (1) potential foods, (2) predators vs. 
nonpredators, and (3) conspecifics (same species) vs. heterospecifics (other species). 
Our experimental procedures will be similar to those used by Dr. Cooper and his 
coworkers.  
 

Materials and Methods 
 
We will present a series of stimuli to lizards on cotton-tipped swabs to determine if they 
can discriminate between chemical cues from foods, predators vs. non-predators, con- 
vs. heterospecifics, and control items. The specific stimuli we will present will include a 
variety of food items, predatory and non-predatory snakes, conspecifics and 
heterospecifics, as well as an odorless control.  
 
The prey stimuli available for examination include chemicals from domestic crickets 
(Acheta domesticus). The plant stimuli will include edible and non-edible food items. 
Chemical odors of a natural predator will be taken from a native California kingsnake 
(Lampropeltis californiae). An aquatic gartersnake (Thamnophis atratus) will serve as a 
control because the latter does not prey on lizards. Distilled water will be used as a 
control to gauge responses elicited by the experimental procedures in the absence of 
odors. Red food coloring, tomato scent, and red food coloring with tomato scent will be 
used to test the importance of olfactory, visual, and combined olfactory and visual cues. 
 
Prior to beginning your experiments, develop at least four hypotheses that your group 
will test and have them checked off by the instructor.  
 
Procedures—Chemical stimuli and controls will be offered to lizards on moistened (via 
distilled water) cotton swabs. Various chemicals can be added to the swabs by rolling 
the moistened tips on the surface of the stimulus. Avoid touching the tips and use a 
new swab for each new stimulus in a trial. 
 
To ensure that enough data is generated for the whole class, each group of 2 students 
should test 9 different stimuli combinations; for each lizard-stimuli pairing, 3 trials should 
be completed. The stimuli you test don’t necessarily need to be the ones you are 
addressing in your hypotheses. Record the class data in Table 1. 
 
To begin a trial, the animals should be allowed a few moments to settle down. Next, an 
experimenter should quietly approached the lizard’s cage and slowly move the swab to 
a position ~0.5–1 cm in front of the lizard’s snout. Then record the number of tongue 
flicks for 60 s beginning with the first tongue flick. If the lizard bites the swab after at 
least one tongue flick, record the number of tongue flicks prior to the bite and the time 
from the first tongue flick to the bite. If the lizard does not tongue flick within 30 s, touch 
the lizard’s snout gently with the swab. If the lizard does not tongue flick after another 
30 s, terminate the trial and record zero tongue flicks. After a trial, give the test lizard a 
rest period of at least 3 min.  
 



From the data on tongue flicks and latency to bite, we will calculate the tongue-flick 
attack score (TFAS) for each experiment. For trials in which no bites occur, TFAS are 
simply the number of tongue flicks. If a lizard bites the swab, its TFAS is the number of 
tongue flicks plus the quantity: (60 minus the latency to bite in seconds). Because it is 
considered a predation attempt, a bite is given greater weight in TFAS than any number 
of tongue flicks (unless the bite occurs after 60 s).  
 
Below is a sample calculation of the TFAS for a lizard that bit the swab. 
 
TFAS = # flicks before bite + (60 – seconds elapsed before first bite) 
Observational data: lizard tongue flicked 5 times in 10 seconds then bit the swab. 
 
5 + (60 – 10) = 55; report a TFAS of 55 for this individual 
 
Report your raw data on the board and record it in Table 1 so the entire class can 
inspect the data for trends. 
 
 
Your Group’s Hypotheses 
 
1. 
 
 
 
2. 
 
 
 
3. 
 
 
 
4. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lab Write-up 
12 pt font, 1.5 space, normal margins, Times New Roman, CSE citation style. 

 
     Introduction 

Up to 1.5 pages. Be sure to introduce, generally, the topic of chemosensory 
perception in reptiles. Give sufficient background so that each of your four 
hypotheses is placed in context of what’s already known (using in-text citations to 
refer to the relevant literature). What is the justification for performing this 
experiment? (What’s the value--to researchers, society, reptile hobbyists, etc--of 
understanding how reptiles sense their environment and the inherent variation 
within this sensory mode?) 

 

     Methods 
Up to ¾ of a page. Give the experimental methods (just describe what trials were 
needed to test your given hypotheses, even if you didn’t carry out personally the 
test that was needed). 

 

     Results 
Provide 4 tables. Each table should compare whichever stimuli are needed to 
assess each hypothesis. No additional write-up is needed. 

 

     Discussion 
Up to 1.5 pages. Were your hypotheses supported? Why or why not? Be sure to 
cite relevant literature. What challenges did you encounter during this 
experiment? Was there any source of error introduced during the protocol? Was 
there variation in TFAS scores or were scores generally precise between 
individuals of a species, and between trials? What additional questions do you 
think should be addressed to follow up on this research? 

     References 
 CSE format, cited in text. 
 

     Lab Questions 
Answer the following questions. Where applicable, provide TFAS values from the 
class data to support your conclusions. 

 

1. What differences were observed in chemoreceptory abilities of iguanian and 
non-iguanian lizards? 
 

2. What were the responses of the lizards to conspecifics? What were their 
responses to heterospecifics/competitors? 
 

3. What were the responses of the lizards to potential predators? What were their 
responses to Non-saurophagous predators? 
 

4. In iguanian omnivores, which stimulus (color, scent, or both) was most 
attractive? Is one sensory modality more important than the other in detecting 
food sources? 
 

5. Did iguanians discern between edible and non-edible plant foods? 



 
 
 
 
Fig. 1. Most insectivorous Iguania (I) have poor chemical discrimination abilities, except in some 
omnivores and herbivores. Lizards in the clades Anguimorpha (A) and Scincomorpha (S), as 
well as snakes, amphisbaenians, and dibamids tend to have chemical discrimination abilities. 
Gekkota (seven families), have poor chemical discrimination, with the exception of 
Eublepharidae. Based on Frost et al. 2001; Wiens et al. 2011. 
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