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Research 

I am interested in how animals detect, process, and use 
sensory information to move around in their 

environments. In addition, I am interested in the neural 

circuitry that underlies these behaviors. For reasons 

outlined below, sand scorpions are a superb research 

model for these questions. 

Several qualities make sand scorpions useful subjects for 
behavioral and neurophysiological investigations. First, 

they live in relatively clean sand habitats, where they 

excavate home burrows from which they emerge at night 

to hunt. We have successfully induced animals to build 

and maintain home burrows in laboratory terrariums. 

Second, all scorpions fluoresce bright green under 
ultraviolet light. This makes scorpions easy to collect and 

allows us to track their movements at night. Third, these 

animals are long-lived, easily maintained, and hardy 

specimens for electrophysiological studies. Most of the 

scorpions we record from survive, so they are available 

for subsequent recording sessions or follow-up 

behavioral work.  

Scorpions also use several sensory organs for 

transducing various energy modalities; some are unique 

to scorpions. Figure 1 shows the location of scorpion 

sensory organs and the modalities to which they respond. 

I have taken an integrated approach in my research of 
scorpion sensory biology. My goal is to understand and 

characterize all aspects of the animalôs sensory world, 

including the nature of each stimulus and how animals 

use the stimuli to find prey, mates, and home burrows. 

Below, I summarize our progress on characterizing the 

scorpionôs systems for detecting chemicals, 

temperature/humidity, light, and mechanical stimuli. I 

also describe some of our current projects. 

Undergraduate Research 

Because of my substantial teaching and administrative 

duties, I have chosen to use undergraduate students in 

my lab. I am extremely proud of the many significant 

contributions these talented students have made to my 

research. A table listing these students, their projects, 
accomplishments, and current status is at the end of this 

narrative. I have also posted most of their work on my 

research web site (http://faculty-staff.ou.edu/G/Douglas.D.Gaffin-1/research.html.) 

I. Chemical stimuli 

A. Pectines 

Pectines are unique, ground-directed appendages located 

midventrally on all scorpions (fig. 2); scorpions use these 

organs in mate- and food-finding behaviors (1,2,3). Peg 

sensilla (also called ñpegsò) are minute structures that 
form dense fields on the ground-directed surfaces of the 

pectinal teeth and are the primary chemosensitive 

elements on pectines. We record neural activity 

(extracellularly) from the bases of individual pegs while 

presenting chemicals to the peg tips. Pegs have a rich 

repertoire of neural response patterns to a variety of 

organic chemostimulants (fig. 3) (4). 

Each peg has a slit-shaped terminal pore that allows 

entry of chemostimulants (fig. 4). The dendrites of 10-15 

chemosensory neurons terminate inside the double-

walled shaft of each peg. At least one additional neuron, 

a mechanoreceptor, terminates at the peg base.  

We have found synaptic interactions between primary 
afferents of the peg sensillum (5,6,7). These synaptic 
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interactions shape the pattern of chemical response (fig. 

5). In TEM preparations, putative chemical synapses 
occur just proximal to the cell body layer of the peg 

sensilla (dotted line in fig. 4). Because these synaptic 

interactions occur in a peripheral sense organ, we have a 

unique opportunity to study chemosensory processing in 

an intact and highly accessible preparation. 

Current projects 

 One of our primary questions is whether peg sensilla 

function differently from one another or are 

identical. If different, then we envision a system that 

segments the chemical environment into different 

features, akin to the vertebrate retina or nasal 

epithelium. If they are the same, then we predict a 

parallel-sampling system that resolves stimuli by 
across-fiber addition of bits of imprecise data. So 

far, our data suggest the latter (8). To be certain, 

however, we need to stimulate pegs individually.  

 Elise Knowlton, a sophomore honors student in my 
lab, is developing a way to selectively stimulate 

individual peg sensilla while recording from the peg 

base. She submerges the peg field under oil and 

contacts the peg tips directly with aqueous or polar 
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stimuli contained within a minute capillary tube. Her 

results are promising, and she presented her work at 

the American Arachnology meeting at UC Berkeley 

in June 2008, where she won the student poster 

competition. 

B. Tarsal Taste Hairs 

Scorpions are very good at detecting and localizing 
another biologically important molecule ï water. Curved, 

pore-tipped hairs abundant on the ventral sides of each 

tarsus mediate this response (9). These tarsal taste hairs 

occur at the edges of the animalôs stance, maximizing the 

chance of an encounter with the rare spots of moist sand 

on the desert floor. These hairs may also detect other 

important chemical stimulants, such as food or potential 

mates (pheromones). 

Our laboratory observations indicate that water is a 
powerful, fast-acting stimulus that provokes stereotypic 

orientation and water-drinking behaviors in scorpions. 

Such localized, sensory triggering of a robust and 

directed behavior presents a useful model for further 

neuroethological studies.  

II. Temperature and humidity 

On the dorsal surface of each of the eight scorpion tarsi 

is a small, double-pored structure called a tarsal organ. 

We have found that this organ responds physiologically 
to moistened paper strips brought near its openings (9). 

The sensitivity of this organ to moist air and its position 

at the extremities of the animal suggests that it may 

function in the detection of humidity gradients. Natural 

humidity gradients exist between the drier air at the 

entrance of the scorpion burrow and the moist air in the 

burrowôs depths, about a meter below the sand surface. 

However, humidity and temperature co-vary indirectly; a 
temperature gradient also exists between the hot air at the 

burrow entrance and the cool air at the bottom. The tarsal 

organ may detect changes in local temperature instead of 

(or in addition to) humidity. The animals may also use 

subtle temperature or humidity gradients to relocate the 
opening to their burrows. One way to answer this 

question is to expose animals to artificial humidity or 

temperature gradients. Comparing animals with tarsal 

organs ablated vs. intact animals should help resolve the 

importance of these organs in detection of temperature 

and humidity. 

III. Light 

Even though scorpions have eight eyes, their vision is 

poorly understood. Their eyes consist of a prominent 
medial pair, each with a lens, and two groups of three 

smaller eyes on the lateral anterior margins of the 

prosoma. 

In 1997, an undergraduate in my lab (Elizabeth Camp) 
developed a simple, reliable behavioral assay to show 

that light mediates escape behavior in sand scorpions. In 

a set of experiments that controlled for the effects of 

other possible cues (e.g. chemicals, geomagnetic 

information, etc.) she found that animals move toward 

darkened backgrounds under very low light levels and 

that the behavior is extinguished when the illumination is 

changed from white light to infrared (10). Scorpions may 
use visual information to find local objects for shelter 

(e.g. bushes). 

A possible extension of this work could be to determine 
the threshold of light detection necessary for this 

behavior and to see if this matches with ambient light 

levels of the desert night sky. The assay should also be 

useful in determining the roles of the lateral and medial 

eyes in the scorpionôs escape behavior. 

More recently, we have been considering the hypothesis 

that scorpion cuticle fluorescence plays a role in across-

body integration of light information. In 2005, 
undergraduate Greg Blass developed a simple behavioral 

assay to test scorpion responses to light of various 

frequencies and intensities. His results show scorpions 

respond more to green and UV light than to red or 

infrared (11). Coupled with some interesting 

physiological work on the sensitivity of the scorpion 

retina (12) we think there is more to this story. With the 

help of another undergraduate (Nataliya Popokina) and 

the expertise of Dr. Lloyd Bummôs laboratory (Physics, 

OU), we are refining this assay to test responses to UV, 

green, blue, yellow, orange, red, and IR, all matched for 

intensity. We expect response to be maximal at green 
(see preliminary results in fig. 6). However, we also 

expect more response to UV than to yellow or orange 

wavelengths. This would suggest that either direct UV, 
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or UV converted to green by the fluorescent cuticle, 

might affect scorpion behavior.  

IV. Mechanical stimuli 

Scorpions have several potential sensory channels for 

detecting and using mechanical information. Two 

interesting mechanosensory organs are the trichobothria 

and the basitarsal compound slit sensilla (BCSS). 

A. Trichobothria 

Trichobothria are spread across the pedipalps of 
scorpions. To date, most of the attention on these 

structures has been as morphological markers for 

taxonomic identification. Trichobothria are very fine 

hairs with a constricted base, and they move with the 

slightest air current. Essentially no behavioral or 

physiological work exists for these structures. Research 

in our laboratory, described below, suggests these organs 

may play a role in object detection. 

B. Basitarsal compound slit sensilla (BCSS) 

Sand scorpions locate prey using seismic vibrations. In 
the late 1970s, Phil Brownell showed that desert sand 

scorpions (Paruroctonus mesaensis) can precisely locate 

the position of small disturbances in the sand within a 

distance of about 10-15 cm, and they can detect 

vibrations originating as far away as half a meter (13). 

Brownell suggested that the BCSS transduce this 

information. 

1. Structure and function of BCSS 

The BCSS are composed of several slit-shaped 

impressions in the cuticle, just above each of the eight 

tarsal joints. A sensory neuron innervates each slit. These 

organs are very easy to record electrophysiologically. 

For his undergraduate honors thesis, Mike Falgiani 

investigated electrophysiological response properties of 

the BCSS (14). Mike obtained several high-fidelity 

recordings and found that cells in the BCSS are 
extremely sensitive to vibrations. To stimulate the BCSS, 

Mike used an audio speaker system connected to a 

stimulator that independently varied amplitude and 

frequency. His results suggest that within individual slits 

of the BCSS, response varies mostly with amplitude, not 

frequency. Also, using autocorrelation analysis, he found 

that only one neural unit was active per slit in his 

recordings. 

Many questions remain about the functionality of the 

BCSS. What is the purpose of the various slit 

orientations in the BCSS? Do they encode different 

directions, frequencies, or amplitudes? Does each slit 
have its own preferred frequency or response profile? 

What is the sensitivity of the BCSS? 

2. Echolocation? 

In 1998, Vail Stephens, another undergraduate student, 
began pondering an interesting notion. Because 

scorpions can detect and accurately orient on seismic 

waves emitted by movements of prey much smaller than 

themselves, perhaps they possess the ability to 

seismically echolocate. That is, can scorpions detect and 

use information from their own footsteps reverberating 

off nearby objects (15)?  

Echolocation is one of the rarest forms of orientation in 
nature. Scientists know of only a few groups of animals 

(bats, dolphins, and some cave birds) that use 

echolocation, and these occur in only two media -- air or 

water.  

Vail developed a clever assay for testing whether 
scorpions use seismic echolocation. He dropped desert 

grassland scorpions, Paruroctonus utahensis, 

individually in the center of a circular arena that had one 

quadrant removed. He plotted the movements of each 

scorpion relative to the open portion of the arena and to 

magnetic north. He monitored all trials under infrared 
illumination to reduce potential visual cues, and he took 

several measures to remove possible chemical cues.  

He conducted trials under two sets of conditions: 1) 
arena in contact with the sand and 2) arena suspended 

immediately above the sand. If animals orient on seismic 

vibrations, we predicted a bias toward or away from the 

open quadrant in trials with the arena in contact with the 

sand. For both ñin contactò and ñsuspendedò trials, 

movements relative to magnetic north were random. 

However, movements relative to the open quadrant were 

non-random for both conditions (fig. 7).  


