Research

| am interested in how animals detect, process, and use
in their
environments. In additignl am interested in the neural
circuitry that underlies these behaviorSor reasons
outlined below, sand scorpions are superb research

sensory information to move around

model forthese questions

Several qualities make sand scorpions useful subjects for
behavioral and neaphysiological investigationgrirst,
they live in relatively cleanamd habitatswhere they
excavatehome burrows from which they enge at nigh

to hunt.We have successfully induced animals to build
and maintain home brows in laboratory terrariums.
Second, all scorpiondluoresce bright green under
ultravioletlight. Thismakes scorpions easy to collect and
allows us tdarack theirmovementsat night Third, these
animals are londjved, easily maintained, andardy
specimens fo electrophysiological studieddost of the
scorpions we record frorsurvive so they are available

fotlgo

for subsequent
behaviorawork.

recording sessions or

Scorpions also use several

| have taken an integrated approashmy reseatc of
scorpion sensory biologyy goal is to understand and
aspects
including the nature of each stimulus and hamimals

characterize al/l

usethe stimuli to find prey, mates, and hte burows.

Below, | summarizeour progress on characterizing the
for
temperature/humidity, light, and mechanical stimuli

scorpionds syst ems

alsodescribe some of our current projects

Medial Eyes
{lighty

Lateral Eyes
{light)

Trichohothria
(mechanical)

Mechanosens_or% Hairs Pectines'y
imechanical) (chemical)
Tarsal Organs
(humidify)

Slit Sensilla (BCSS)
(mechanical)

Tarsal Taste Hairs
{chemical)
Figure 1 Diagram of a scorpion, showing some of the major sensory
organs and the modalities to which they respond. [Source of image:
Brownell (1984) Sci Am 251:86-57]

sensory organs for
transducing various energy modalitis®meare unique

to scorpions Figure 1 shows the location of scorpion
sensory organandthe modalities to which they respond.
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Undergraduate Research

Because of my substantial teaching and administrative
duties, | have chosen to use undergraduate students in
my lab. | am extremely proud of the many significant

contributions these talentestudents have made my
research. A table listinghesestudents their projects
accomplishments, and current stagigat the end of this

narrative. lhavealso posted most of their work on my

research web Si'l'(@ttp:l/facuIgtstaff.ou.edu/G/Douglas.D.Gafﬁn’research.htrr)l
I. Chemical stimuli

A. Pectines

Pectines are uniqugrounddirected appendagéscated
midventrally on all scorpionffig. 2); scorpions usthese
organsin mate and foodfinding behaiors (1,2,3). Peg

sensilla( al s o

c a | areenthutefispuetgres dhat

form dense fields on the growuditected surfaces of the
pectinal teethand are the primary chemosensitive

elements on pectinesWe record neural

activity
(extracellularly)from the baseof individual pegswhile
presenting cheroals to thepeg tips. Pegshave a rich

repertoire of neural response patterns to a variety of

organic chemostimahts(fig. 3) (4).

Each peg has a slitshaped terminal poréhat allows
enty of chemostimulants (fig. 4¥he dendrites of 225
chemosensory neurons terminateside the double

walled shaft of each pedt least one additional neuron,

a mechanoreceptor, terminates at the peg base.
f

Figure 2 Pectines are elaborate chemosensitive organs on the
ventral surface of scorpions. A The pectines are large,
featherlike appendages located mid-ventrally on all scorpions
there Hadrurus anzonensis male). B Pectines are composed
of a series of ground-directed teeth (i) that extend from the
posterior margin of a flexible spine. Thousands of minute peg
sensilla (Pe) adorn the distal, ground-facing aspect of each of
the teeth. € The pegs are spaced about 7pm apart with their
slit-shaped terminal pores perpendicular to the direction of
travel of the ground (white arrow). [Smerngerus mesaensis
male shown in B & C; adapted from Gaffin 2002]

We ﬁ[a\pe efoun%gn'apr{i]ca i#leroagtion ssogtv{/]egnoprrirgry
afferents of the peg sensillufb,6,7). These synaptic
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Figure 3 Multiunit responses of a single peg sensillum
to stimulation by organic chemostimulants blown in 1s
pulses (bar) across the sensillum pore. From: Gaffin &
Brawnell (1957} J Comp Phys.

interactionsshape thepattern of chemical respongig.

5). In TEM preparations, yative chemical synapses

occur just proximal to the cell body layer dhe peg
sersilla (dotted linein fig. 4). Because thessynaptic

interactions occur in a peripheral sense organ, we have a
unique opportunity to study chemosensory processing in

an intact andhighly accessible preparati.

Current projects

One ofour primary questionss whether peg sensilla
function differently from one another or are
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Figure 4 Diagram of a longitudinal section through peg
sensillum showing terminal pore, arrangement of dendrites,
cell bodies, inner and outer enveloping cells and structural
elements. YWhite arrow indicates direction of ground flow past
peg as animal brushes its pectines. Axo-axonic synapses
occur below sensory cell body layer in the region of the dotted
line. [after Ivanov & Balashov 1979, Foelix & Mualler-Vorholt
1983, Foelix 1985 and Brownell 1989]

identical If different, then we envision a system that
segments the chemical environment into different
features, akin to the vertelearetina or nasal
epithelium. If they are thesame, then weredicta
paralleksampling systenthat resolves stimuli by
acrossfiber addition of bits of imprecise dat&o
far, our data suggest the lattg8). To be certain,
however, we need to stimulate pegs individually.

Elise Knowlton a sophomore honors student in my
lab, is developng a way to selectively stimulat
individual peg sensilla wtel recording from the peg
base.She submerges the peg field under oil and
contacts e peg tips directly with aqueous or polar
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Figure 5 [Inhibitory synaptic interactions gowern A1 & A2
activity in peg sensilla. This 20-min baseline record from a peg
sensillum of P. utahensis clearly resolved to three cells (AT,
A2, B). A cross-correlogram of the combined activity of AT &
A2 vs B shows both the inhibition of AT & A2 by B (white
arraw) as well as an excitatory influence of A1 & A2 on B (red
arrow).

stimuli containedvithin a minute capillaryube.Her
results are promisingnd $e presented her work at
the American Araanology meeting at UC Berkeley
in June 2008, where shavon the student poster
competition

B. Tarsal Taste Hairs

Scorpions are very good at detecting and localizing
another biologicdy important moleculé water.Curved,
poretipped hairs abundant on the ventral sides of each
tarsusmediate this respong8). These arsal taste hairs
occurat t he edges o,fmadnziagten i
chance of aencounter withtherare spots of moissand

on the deserfloor. These hairs may also detect other
important chemical stimulants, such as food or potential
mates (ph@mones).

Our laboratory observations indicate that water is a
powerful, fastacting stimulusthat provokesstereotypic
orientation and watarinking behaviors in scorpions.
Such localized, sensory triggering of a robust and
directed behavior presents aefid model for futher
neuroethological studies.

Il. Temperature and humidity

On the dorsal surface of each of the eight scorpion tarsi
is a small, doublpored structurealled a tarsal organ.
We have found that this organ responds physiologically
to mdstened paper stripggrought near its openind9).

The sensitivity of this organ to moist air and its position
at the extremities of the animal suggests that it may
function in the diection of humidity gradientdNatural
humidity gradients exist between the drier air at the
entrance of the scorpion burrow and the moist air in the
burr owbs d enptér bebow theasand sutfacea
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However,humidity and temperatureo-vary indirectly a
temperature gradient also exists betwdnhot air at the
burrow entrance and the cool air at the bottohe Brsal
organmaydetectchanges in local temperature instead of
(or in addition to)humidity. The animalsmay alsouse
subtle temperature or humidity gradients to relocate the
opening © their burrows.One way to answer this
question isto expose animals to artificial hudity or
temperature gradientsComparng animals with tarsal
organs ablated vs. intact animals shdudtp resolvahe
importance of these organs in detectafntempeature
and humidity.

Ill. Light

Even though scorpions have eight eyes,rtiigion is
poorly understoodTheir eyes consist oA prominent
medial pair, each with a lens, and two groups of three
smaller eyes on the lateral anterior margio$ the
prosoma.

In 1997, a undergraduatén my lab ElizabethCamp
developed a simple, reliable behavioral assaghtow
that light mediategscape behavior in sandospions.In

a set of experimentthat controlled for the effects of
other possible cues (e.g. chemicalgeomagnetic
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
changedrom white light to infrareq10). Scorpims may
use visual information to find local objects for shelter
(e.g. bushes).

m%fossible gtension of this work couldbe to determine

threshSld BfNIiGHE detection necessary for this
behavior and to see if this matches with ambient light
levels of thedesert night skyThe assay should also be
useful in determining theoles of the lateral and medial
eyesint h e s c escape behavibrs

More recently,we have been considerirthe hypothesis
that scopion cuticle fluorescencplays a role in across
bady integration of light information. In 2005,
undergraduate Greg Blass developed a simple behavioral
assay to test scorpion respamde light of various
frequencies and intensities. His results show scorpions
respond more to green and UV ligtitan tored or
infrared (1). Coupled with some nieresting
physiological work on the serisity of the scorpion
retina(12) we think therds more to this storyWith the

help of another undergraduate (NatalRapokina) and
the expertise of Dr. Ll oyd
OU), we are refining this assay test responses to UV,
green,blue, yellow, orange,red, and IRall matched for
intensity. We expect response to be maximal at green
(see preliminary mlts in fig. 6). However, we also
expectmore response to UMhan to llow or orange
wavelengths This would suggest that either direct UV,

B i
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tarsal joints A sensory neuromnervates each slithese
organs are very easy to recordattophysiologically

For his undergraduate honors thesis, Mike Falgiani
investigated electrophysiologicalsonse properties of
the BCSS (14). Mike obtained several higfdelity
recordings and found that cells in the BCS3$e
extremely sensitive to vibration$.o stimulate the BCSS,
Mike used an audio speaker ®® connected to a
stimulator that independently variecamplituce and
frequeng. His results suggest that within individual slits
of the BCSS, response varies mostly with amgétunot
frequencyAlso, using autocorrelation analysis, he found
that only one neural unit was aei per slit in his
recordings.

Many questions remain abbthe functionality of the
BCSS. What is the purpose of the variouslit
orientations in the BCSS®o they encode different
directins, frequencies, or amplitude®bes each slit
have its own preferrefequency or response profile?
What is the sensitiwtof the BCSS

or uv converted_to green by the fluorescent cuticle, 2 Echolocation?

might affect scorpion behavior.

. . . In 1998 Vail Stephens, another undergraduate stydent

IV. Mechanical stimuli began podering an interesting notion.Because

Scorpons have several potential sensory channels for —scorpions can detect and accurately orient on seismic

detecthg and using mechanical information. Two waves emitted by movements of prey much smaller than
interestingmechanosensory organs ahe trichobothria themselves, peaps they possess the ability to
and the basitarsabmpound slit sensilla (BCSS). seismically echolocate. That is, can scorpions detect and

i , use information from their own footsteps reverberating
A. Trichobothria off nearby object§15)?
Trichobothria are spread asw the pedipalps of Echolocation is one of thenest forms of orientatiom
scorpions. To date, most of the attention on these  npaiyre. Scientistknow of only a few groups of animals
structures has been as morphological markfens (bats, dolphins, and some cave birds) thatuse
taxonomlc |dent|f|c§1t|on.Trlchobothna are very fine echolocation, and these occur in only two mediair or
hairs with a constricted basand they move ith the water.
slightest air current.Essentially no behavioral or
physiologicalwork exists forthese structuresResearch Vail developed a clever assay for testinghether
in our laboratory, described below, suggests these organs ScoOrpions us seismic echolocationtHe dropped desert
may play a role in object detection. grassland scorpions, Paruroctonus utahensis

) ] ] individually in the center of a circular arena that had one
B. Basitarsal compound slit sensilla (BCSS) quadrant removedHe plotted the movements efch
Sand scorpiontocate prey using seismic rations.In scorpionrelative to the open portion of the arena and to
the late 1970s, Phil Browne#ihowed thatdesert sand magnetic northHe monibred @ trials under infrared
scorpiors (Paruroctonus mesaenyisan precisely locate illumination to reduce potential visual cues, aredtook
the position of small disturbances in the sand within a ~ Several measures to remove possible chemical cues.
distance of about 105 cm, and they can detect He conductedtrials under two sets of conditions: 1)
vibrations originating as feaway as half a metdl3). ~ grena in contact with the sand and 2) arena suspend
Brownell suggested that the BCSS transduce this jmmediaely above the sandf animals orient on seismic
information. vibrations, we predicted a bias toward or away from the
1. Structure and function of BCSS open quadrant in trialsith the arena in contact with the
. sand. For bot h Aiin contacto

The BCSS are composed of several -shiaped movementsrelative to magnetic north wer random.
impressions in the cuticlgust above each of the eight However, movementelativeto the open quadrant were

non-random for both conditions (fig).



