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ABSTRACT
Pectines are unique, midventral sensory appendages that help direct mating and
food-finding behaviors in scorpions. Dense two-dimensional arrays of bimodally sensitive (chemical
and mechanical) peg sensilla form the primary sensory structures on pectines. Several qualities of
peg sensilla make them well suited to electrophysiological investigation, including accessibility,
stability of extracellular recordings, and the ease with which spiking cells can be identified and
categorized. Cross-correlations of spontaneous neural activity show signs of synaptic interactions
between sensillar neurons in all species examined to date (Paruroctonus mesaensis, Hadrurus
arizonensis, Centruroides vittatus) representing three families and two superfamilies. Both excitatory and inhibitory interactions have been observed, as well as possible dyadic synaptic arrangement. Computer simulations of cross-correlograms are consistent with experimental data and may
help provide additional insight into functionality of synaptic connections. Intra-sensillar interactions, coupled with the topographic order of peg sensilla and their central nervous system projections, may allow scorpions to precisely resolve microfeatures of chemical stimuli. Future research
directions include inter-sensillar recordings to determine whether synaptic interactions extend
between adjacent sensilla. Other unresolved questions that can be approached electrophysiologically are whether mechanosensory cells interact with chemosensitive cells and how the synaptic
circuits function under specific chemical and mechanical stimulation. Microsc. Res. Tech. 58:
325–334, 2002. © 2002 Wiley-Liss, Inc.
GROSS MORPHOLOGY AND BEHAVIORAL
IMPORTANCE OF PECTINES
Other than the venomous sting at the tail tip, the
midventral pectines are probably the most distinctive
synapomorphic feature of scorpions. These complex organs attach to the ventral mesosoma just caudal to the
genital opening (Fig. 1A,B) and are brushed lightly
over the ground as the animal walks. Each pecten
resembles a ground-directed comb. Extending from the
flexible spine is an overlapping series of moveable teeth
(Fig. 1C) that make apparent contact with the substrate as the pecten is lowered to the ground. Behaviorally, the pectines appear to be involved in locating
mates (Gaffin and Brownell, 1992, 2001), facilitating
spermatophore exchange (Alexander, 1957, 1959),
identifying prey (Krapf, 1986), and discerning substrate texture (Boyden, 1978).
STRUCTURE AND FUNCTION OF PECTINAL
PEG SENSILLA
Sensory Morphology of Peg Sensilla
At the microscopic level, the most conspicuous features of pectines are the ordered arrays of stout, pegshaped sensilla on the distal, ground-facing surfaces of
each tooth (Fig. 1D,F). The number of pegs per tooth
ranges from tens to thousands depending on the species (Swoveland, 1978); considering all pegs on all pectinal teeth, a single animal’s peg total may exceed
100,000 for some species (Swoveland, 1978; Brownell,
unpublished data). The height of these pegs ranges
from 2 to 10 m depending on species (Fet and
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Brownell, 1998) and the shape also varies by species.
Each peg is composed of a double-walled cuticular shaft
that extends from a flexible base (Carthy, 1966, 1968;
Fig. 2). A slit-shaped pore, located in the grooved terminal end of each peg, opens to a fluid-filled sensillar
chamber lined by supporting cells inside the peg shaft
(Foelix and Müller-Vorholt, 1983; Ivanov and
Balashov, 1979).
A population of bipolar sensory neurons innervates
each peg. The exact number appears to vary by species,
but ranges from 10 to 18 have been reported (Foelix
and Müller-Vorholt, 1983; Ivanov and Balashov, 1979;
Brownell and Adams, unpublished data). Most peg
neurons are putatively chemosensory, with thin dendritic outer segments that terminate in a sensillar
chamber within a few microns of the pored tip of the
peg (Fig. 2). These outer segments lead to ciliary regions of dendritic inner segments extending from large
cell bodies arranged in a layer about 50 m below the
tooth surface. Each peg also appears to be innervated
by a single mechanosensory neuron that terminates
with a tubular body near the socket region at the peg
base (Foelix and Müller-Vorholt, 1983; Melville and
Brownell, 1997). The cell bodies of these mechanosen-
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Fig. 1. Structure of scorpion pectines. A: Ventral view of a male H.
arizonensis showing the large, featherlike pectines that extend ventrolaterally from the mesosoma. B: Enlargement of the right pecten
(p) emerging from near the genital operculum (g) in P. mesaensis. A
series of ground-directed teeth (t) extend from the posterior margin of
the flexible spine (arrows). C: Scanning electron micrograph (SEM) of
three pectinal teeth of P. mesaensis shows peg sensilla (Pe) on flattened distal surfaces; tufts of mechanosensory hairs (h) can be seen on

the pectinal spine (Ps). D: SEM enlargement of a single tooth gives a
perspective of the density and arrangement of a field of peg sensilla.
E: A close-up view of a small patch of peg sensilla shows that all pegs
are similarly oriented perpendicular to their direction of travel across
the ground (arrows). F: An expanded view of a single peg shows its
emergence from flexible cuticle within a socket formed from rigid
cuticle of the pectinal tooth. At this resolution, the groove containing
the slit-shaped terminal pore (po) is apparent.
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to report the presence of numerous apparent chemical
synaptic contacts between axons at this level; to date,
this remains the only published primary morphological
account for these structures. Three specific types of
axo-axonic synaptic arrangement were reported: dyadic, serial, and reciprocal. In the most common arrangement, dyadic, synaptic vesicles of a single presynaptic neuron were concentrated near a junction with
two post-synaptic neurons (Fig. 3). In a serial connection, a neuron is presynaptic to one neuron and
postsynaptic to another neuron. Two neurons are both
pre- and postsynaptic to each other in reciprocal connections. The authors also reported that contacts were
observed on cell somata as well as between neurons
and the glial cell extensions that wrapped the axon
bundles.
Topographic Order of Peg Sensilla and Their
Sensory Projections
Order is apparent throughout the pectinal system
and may provide some logic for peripheral synaptic
contacts between sensory elements. First, the teeth on
the pecten spine “fan out” as they are applied to a
surface: the distal portion of one tooth overlaps in the
anterior-posterior axis with the proximal portion of the
next distal tooth. Within each tooth, the peg fields are
spaced at regular intervals of a few microns and the
pegs are oriented with their broad surfaces and slitshaped pores perpendicular to the travel of the pecten
across the ground (Fig. 1E). Taken together, the slitshaped pores of all pegs in a pecten form a roughly
rectangular, two-dimensional grid.
The order of the peg field is also preserved in the
projection of primary afferents to the scorpion central
nervous system (Brownell, 1998, 2001). The projection
terminates in a neuropil in the ventro-medial part of
the subesophageal ganglion. Cross-sections through
the pectinal neuropil reveal a layered, U-shaped microglomerular architecture that retains the spatial relationship of the pectinal teeth. Brownell (2001) has suggested that the high density of pectinal peg sensilla,
coupled with the unusual topographic organization of
the pectinal projection, may allow scorpions to detect
and resolve microfeatures of chemical stimuli at least
an order of magnitude smaller than a grain of sand. As
further described below, synaptic interactions at the
level of individual sensilla may serve to enhance the
resolving power offered by the microarchitecture of the
pectinal system.
Fig. 2. Morphology of peg sensillum. A longitudinal section
through a peg sensillum shows the arrangement of dendrites, cell
bodies, inner and outer enveloping cells, and structural elements. tp,
terminal pore; cu, cuticle; tb, tubular body; oec, outer enveloping cell;
os, dendritic outer segment; mv, microvilli; iec, inner enveloping cell;
is, dendritic inner segment; cb, cell body; gc, glial cell; ax, axon.
(Adapted from Brownell, 1989; Foelix and Müller-Vorholt, 1983; Foelix, 1985; Ivanov and Balashov, 1979.)

sory neurons are distinctly larger than those of the
chemosensory population and form a layer proximal to
the chemosensory layer (Melville and Brownell, 1997).
Synaptic Contacts Between Sensory Afferents
Sensory axons form bundles just below the cell body
region. Foelix and Müller-Vorholt (1983) were the first

Electrophysiological Response Properties of
Identifiable Peg Neurons
Peg sensilla are well suited to electrophysiological
investigation (Gaffin and Brownell, 1997b; Gaffin,
2001). Animals can be restrained ventral side up and
the pectines secured with double-sided tape atop a
rigid stage. An indifferent electrode is inserted between tail or leg segments. Extracellular recordings
can be obtained using either metal or pulled glass
electrodes inserted through flexible socket cuticle at
the peg base (Fig. 4A). Such recordings of scorpion peg
sensilla are long-lasting (several hours are typical) and
of good signal-to-noise ratio. Further, the spike waveforms of active cells are stable and consistent, allowing

328

D.D. GAFFIN

Fig. 3. Synaptic profiles in peg
sensory neurons. A: Axo-axonic
synaptic profiles just below the
sensory cell body layer in a pecten
of Androctonus australis. B: Close
up view of a typical dyad synapse
with one presynaptic fiber (1) opposing two postsynaptic fibers
(2 and 3) (⫻82,500). C: Diagram of
the dyad synapse. m, capping
membrane; sv, synaptic vesicles;
M, mitochondrion; ER, smooth endoplasmic reticulum; Mt, microtubules; cv, coated vesicles; gj, gap
junctions. Reproduced with permission from Foelix RF. Sensory
nerves and peripheral synapses.
In: Barth FG, editor, Neurobiology
of arachnids, 1985, Springer Verlag.

for easy sorting into classes with wave-sorting software.
Although morphological accounts identify at least
10 neurons per peg sensillum (Foelix and Müller-Vorholt, 1983; Ivanov and Balashov, 1979; Brownell and
Adams, unpublished data), recordings of baseline firing
typically catch the low-frequency firing of two to three
spontaneously active units (Gaffin and Brownell,
1997b; Gaffin, 2001). These units are differentially responsive to a variety of volatile organic compounds

delivered as a near-range puff across the peg fields
(Fig. 4B). Gentle deflection of the peg tip elicits firing of
a mechanosensitive cell, which has a waveform distinct
from other peg waveforms (Fig. 4C). Of note are the
complex response patterns of peg neurons to chemicals
of various chemical signatures. For example, neurons
in peg sensilla of Paruroctonus mesaensis, segregated
based on the shape of their time-expanded waveforms,
showed a consistent pattern of activity in response to
various concentrations of C6-C8 alcohols but a dis-
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Fig. 4. Response of peg sensilla neurons to chemical and mechanical stimulation. A: An electrolytically carved tungsten recording electrode (Vm) is inserted through flexible cuticle at the base of a peg
sensillum to record extracellular potentials from sensory neurons. In
this configuration, chemical stimuli (stim) are blown across peg fields,
gaining access to peg neurons through slit-shaped pores. A reference
electrode (Vref) is placed in contact with hemolymph at some distance
from the recording electrode. B: Response of a single peg sensillum in
P. mesaensis to stimulation with various organic compounds. Spiking
events exceeding an adjustable threshold were classified by waveform
and reconstructed in segregated traces. Each response represents
10 seconds of record categorized into spike types A, B, or C. The solid
bar indicates stimulus duration. C: Mechanosensory response of peg
sensillum of C. vittatus. Gentle taps of the recording electrode induced
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bursts of spikes of large biphasic waveforms labeled M. The bottom
trace is the unfiltered record; the upper two traces indicate the individual firing patterns of A and M type units. D: Dose-dependent
responses of a peg sensillum to olfactory stimulation by C6–C8 primary alcohols and aldehydes. Graphs show 4 seconds of pre-stimulus
baseline activity (frequency of spiking) and 12 seconds of post-stimulus response to 1-second pulses (indicated by solid bars) of stimulus
blown across the preparation. Each curve was normalized by subtraction of averaged pre-stimulus spiking frequency. Curves for spike
types A and B are 5 point running averages of spiking frequencies in
0.25-second bins (therefore, averaging spans 1.25 seconds of activity).
Histograms of spike type C represent absolute frequency values
within 0.25-second bins.
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tinctly different pattern to stimulation with C6-C8 aldehydes (Fig. 4D; Gaffin and Brownell, 1997b). While
some of these patterns are likely due to ligand-receptor
interactions at the level of the dendrites, much of the
complexity appears to be a product of synaptic interactions between peg neurons. This argument is developed
further in the next section.
SYNAPTIC INTERACTIONS BETWEEN
CHEMOSENSORY NEURONS
Cross-Correlation Analysis of
Sensory Neuron Activity
Cross-correlating the activity of identifiable peg
neurons can reveal physiological signs of synaptic
interactions. In cross-correlation analysis, the temporal activities of identified cells are compared pairwise and scrutinized for relationship patterns (Eggermont, 1990; Gaffin and Brownell, 1997a; Gerstein
and Perkel, 1972). The initial step involves decomposition of a complex multicellular record to its unitary constituents. This involves spike detection, classification, and removal of background noise. Once a
population of spike waveforms has been tentatively
assigned to a spike class, autocorrelation of the timestamps of each spike within the class against each
other can be used to assess the purity of spike classification, as well as provide some measure of the
firing dynamics of the cell. Owing to the action potential refractory period of neural membranes, the
resulting autocorrelograms of pure spike classes
characteristically lack spikes during the few milliseconds following the occurrence of any given spike.
Autocorrelograms with regular, periodic peaks of activity reflect cells that fire tonically and tend to have
low coefficients of variation (CV; standard deviation/
mean) for their interspike intervals (ISI). On the
other hand, autocorrelograms that plateau beyond
an initial rise in activity are characteristic of cells
with irregular ISI and high CV. Autocorrelograms
with peaks followed by a plateau indicate bursty cells
and have ISI profiles with very high CV.
Once a complex extracellular record is decomposed
into the time activity of its constituent cells, the time
series of each class can be referenced against others in
the record to develop cross-correlograms. The example
in Figure 5 is a cross-correlation of spiking activity
between two cells in a peg sensillum of Hadrurus arizonensis. Figure 5 (top) is a raster plot for 45 minutes
of spontaneous activity showing the occurrence of
spikes of type A2 during 1-second time windows surrounding each firing of spikes of type B. Figure
5 (bottom) sums the number of A2 spikes by defined
time bins to form a cross-correlogram summary of the
record. The profiles of the resultant cross-correlograms
give an indication of the nature (e.g., excitatory, inhibitory) and direction (e.g., cell 1 inhibits cell 2) of the
interactions. Cross-correlograms are also useful for assessing the latency and duration of interactions. The
pattern in Figure 5 suggests an inhibition of A2 by B
for approximately 50 ms following spiking of type B
neurons with a post-inhibitory rebound of A2 activity
after about 100 ms.

Fig. 5. Cross-correlogram generation. A: Raster plot of approximately 45 minutes of spontaneous spiking activity from peg sensillum
of H. arizonensis. Spikes firing of one cell (type A2) during 1-second
time windows have been centered relative to the firing of a second
identified cell (type B). B: The cumulative activity of cell type A2
relative to B is grouped by 0.1-second time bins to form the profile of
a cross-correlogram.

Evidence of Synaptic Interactions Within
Scorpion Peg Sensilla
Evidence of synaptic interactions emerges when correlation analysis is applied to long-term recordings of
spontaneous neural activity in peg sensilla. The physiological interactions reported are in line with connectivity patterns described in morphological accounts
(Foelix and Müller-Vorholt, 1983; Foelix, 1985).
Inhibitory interactions in Paruroctonus mesaensis and Hadrurus arizonensis. Activity interactions were first reported for physiologically identified
neurons in peg sensilla of Paruroctonus mesaensis, a
member of family Vaejovidae. Spontaneous activity in
this species groups into three spike types: two larger
amplitude spikes with biphasic waveforms (A1 and A2)
and a small amplitude spike with a triphasic waveform
(Fig. 6A; Gaffin and Brownell, 1997a,b). Baseline extracellular recordings of P. mesaensis pegs are characterized by low-frequency (approximately 1 to 2 Hz)
firings of spikes A1 and A2 interrupted with occasional
firings of type B spikes. These interruptions sum in
cross-correlograms of long-term recordings to produce
clear and similar patterns of inhibition of B cells on
both A1 and A2 cells (Fig. 6B). Cross-correlation of A1
and A2 cells shows no activity interaction in baseline
recordings. The inhibition of A1 and A2 by the B cell
does not appear to involve efferent feedback from the
CNS since the effect was observed both before and after
surgical removal of pectines from the animal. The dyadic synaptic arrangement described by Foelix and
Müller-Vorholt (1983) is consistent with this pattern of
inhibition of one cell (B) influencing two other neurons
(A1, A2). Furthermore, the inhibitory effect of the B cell
on A1 and A2 helps account for the differential pattern

SYNAPTIC INTERACTIONS IN SCORPION SENSILLA

331

Fig. 6. Auto- and cross-correlograms of 1.5 hours of spontaneous
spiking activity from one peg sensillum of P. mesaensis following
surgical detachment of pecten
from animal body. A: Waveform
averages of three identified spike
types in the baseline record are
shown along with their corresponding autocorrelograms (Acorr)
grouped by 10-ms bins. B: Crosscorrelograms (Xcorr) of A1 vs. B,
A2 vs. B, and A1 vs. A2 (in this
nomenclature, the second spike
type is the one centered in the time
window).

Fig. 7. Auto- and cross-correlograms of 45 minutes of spontaneous
spiking activity from one peg sensillum on an attached pecten of H. arizonensis. A: Waveform averages of
three identified spike types in the
baseline record are shown along
with their corresponding autocorrelograms grouped by 10-ms bins. B:
Cross-correlograms of A1 vs. B, A2
vs. B, and A1 vs. A2.

of response to aldehyde and alcohol stimulation seen in
Figure 4B and D. Short-term captures of two additional
spike types, normally quiescent during spontaneous
recordings, hint at both inhibitory and excitatory interactions as well as possible serial synaptic effects when
cross-correlated with A1 and A2 cell activities (Gaffin
and Brownell, 1997b).
Long-term baseline recordings have also been made
from peg sensilla of Hadrurus arizonensis (family Iuridae), a member of a different family from P. mesaensis,
but within the same superfamily (superfamily Vaejovoidea). Spontaneous recordings from pegs of H. arizonensis also show spontaneous spiking activity from
two large biphasic units and a small, triphasic unit
(Fig. 7A). Cross-correlograms of these cells show similar patterns of inhibition of the two larger units by the
smaller unit (Fig. 7B; Gaffin, unpublished data).
Excitatory interactions in Centruroides vittatus. Long-term baseline recordings of peg sensilla of
Centruroides vittatus, a member of family Buthidae in
the superfamily Buthoidea, reveal neural activity patterns that were considerably different from those of P.
mesaensis and H. arizonensis. Baseline recordings
again revealed three spontaneously active units, labeled A1, A2, and B (Fig. 8A). The waveforms of spike
types A1 and A2 were distinctly triphasic, and of sim-

ilar shape, amplitude, and firing frequency. Waveforms
of spike type B were smoothly biphasic and these cells
tended to fire in bursts. Cross-correlation of the resolved spike types uncovered an excitatory interaction
between A1 and A2, but no apparent interaction of B
with A1 or A2 (Fig. 8B; Gaffin, 2001).
Computer Simulation of Synaptic Interaction
in Peg Sensilla
The features of cross-correlograms can give some
indication of the functional nature of neural interactions. However, interpretation needs to be guarded
since subtle patterns may result from interconnections
involving more than a simple one-neuron-to-one-neuron circuit (Gerstein and Perkel, 1972). Computer simulations of synaptic interactions can quickly test hypotheses of possible neural properties and synaptic
configurations (Duffin, 2000). The simulation is run
and the patterns of resultant auto- and cross-correlograms are then compared with experimental data to
evaluate the credibility of the circuit. Such an exercise
can also lead to specific predictions that can be tested
experimentally.
A cross-correlation simulation program developed by
Duffin (2000) was used to test hypothesized connection
patterns for peg neurons. In this model, the time series
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Fig. 8. Auto- and cross-correlograms of 20 minutes of spontaneous
spiking activity from one peg sensillum on an attached pecten of C. vittatus. A: Waveform averages of
three identified spike types in the
baseline record are shown along
with their corresponding autocorrelograms grouped by 10-ms bins. B:
Cross-correlograms of A1 vs. B, A2
vs. B, and A1 vs. A2.

of action potential firings are compared for neuron
pairs. A post-spike potential (PSP) refractory period
can be applied independently to model neurons, as can
a model of the membrane dynamics of post-synaptic
neurons resulting from a user-set excitatory or inhibitory synapse. In addition, a common input potential
can be applied differentially to each of the neurons.
Figure 9 shows the results of a computer simulation
based on auto- and cross-correlograms of spontaneous
neural activity in a peg sensillum of H. arizonensis
designed to simulate interaction of neuron type B with
one of the A type neurons. The PSP and inhibitory
synaptic input of B onto A were set empirically until
resultant auto- and cross-correlograms appeared similar to experimental results (see Fig. 7). Interpretations
of such models must be tempered with caution until
additional data are available showing the behavior of
the peg circuit under controlled challenge with specific
stimuli. Furthermore, interactions between only three
neurons can form very complex circuit states and patterns of functionality (Perkel et al., 1975). However,
parallel computational modeling of sensillar behavior
should become increasingly useful as a tool for analyzing the activity of this relatively simple neural network.
SIGNIFICANCE OF PERIPHERAL
INTERACTIONS
Why are there synaptic interactions at the level of
the peg sensillum? Any consideration of this question
must address the nature of the signal being detected.
Unfortunately, very little is known about the signal.
However, a few behavioral studies have focused on
chemosensory directed behavior in scorpions. These
studies provide some framework for considering the
significance of synaptic interactions in peg sensilla and
may help lead future behavioral investigations.
Nature of the Stimulus
Skutelsky (1995) noted that scorpions of the species
Buthus occitanus stung and collected termites foraging
above ground. The scorpions used a strategy of quick
attack, stinging as many termites as possible before
they could retreat to their nest. Following the raid,
scorpions relocated and collected the dead or dying

Fig. 9. Computer simulation of peg cross-correlogram. A computer
simulation of auto- and cross-correlograms based on data obtained
from experiments on neural interaction in Hadrurus arizonensis peg
sensillum is shown. The computer simulation software used is described in Duffin (2000).

prey. It was suggested that these scorpions might be
following chemical trails in relocating their victims,
which is in line with the observations of Krapf (1986),
who showed that B. occitanus used contact chemoreception to detect and locate motionless prey items.
Such a behavior implies a sensitive chemosensory system capable of detecting and tracking hints of a chemical trail.
As another example, male P. mesaensis perform various pre-courtship behaviors when they contact sand
that contains extracts derived from female conspecifics
(Gaffin and Brownell, 1992). Males wander the sand
surface at night during late summer in search of mates
(Polis and Farley, 1979). In the field, males often judder when near females or female burrows. Juddering is
a distinct pre-courtship behavior (Alexander, 1957,
1959) that generates a seismic signal thought to advertise intentions and suppress female attack tendencies.
Recent studies using a Y-maze behavioral choice chamber suggests that males are capable of following female
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chemical trails (Melville, 2000). Preliminary studies
indicate that scorpions release microscopic chemical
deposits with reticular structure (Brownell, 2001). Extreme daytime temperature and wind gusts are common during the mating season and combine to bake
and stir the sand habitat of these animals. It would
seem that chemical deposits left on the sand would be
ephemeral. All of this narrows the window of opportunity that a wandering nocturnal male has to find and
track a fleeting female trail.
When taken together, these studies identify important needs for sensitivity and fine structure resolution
in trailing chemicals to food sources or potential mates.
As such, it is possible that the density and order of peg
sensilla are matched to detect and retain the spatial
context of particular chemical stimuli. Peripheral processing of chemosensory information at the level of the
pecten may further enhance the ability of this system
to precisely localize and track a signal above background chemical noise.
Enhancement of Stimulus Detection and
Economy of Peripheral Information Processing
Synaptic interactions in peg sensilla may augment
the functioning of the pectinal system. Assuming the
activity recorded from neurons at the level of the peg
reflects the neural message delivered to the scorpion
central nervous system, then the relative firing patterns of neurons emanating from individual pegs may
hold important information. As such, the reporting of a
simple two-neuron system, each with unique chemical
sensitivities, can be enhanced through lateral synaptic
inhibition. Take, for example, the response pattern of A
and B neurons to hexanol and hexanal stimulation in
peg sensilla of P. mesaensis (Fig. 4B,D). Type A spikes
increase their frequency of firing in response to hexanol
stimulation, while hexanal stimulation produced
heightened activity of type B neurons with concomitant
suppression of type A neurons (apparently the result of
synaptic inhibition from B). If the relative activity of
these two neurons (or the absolute activity of type A
neurons, regardless of B cell activity) is being measured, then a system possessing stimulus-dependent
inhibitory interactions between these neurons results
in a more sensitive detector as compared to a system
lacking such neural interactions. As such, both the
identity and spatial resolution of discrete patches or
strands of substrate-borne stimulant may be improved
through lateral interactions of neighboring neurons
within a given peg sensillum.
DIRECTIONS FOR FUTURE STUDY OF
PERIPHERAL INTEGRATION IN PECTINES
Many questions remain concerning the nature and
extent of synaptic interactions among peg neurons and
their relation to pecten function. For example, the synaptic interaction analyses presented in this paper were
all based on spontaneous neural activity. Of interest is
how the peg circuits perform under specific chemical
and mechanical challenge. To date, the chemical delivery systems have been rather crude, making comparisons of responses between pegs difficult. It is important
to develop a precise delivery mechanism that allows
consistent, repeatable application and clearance of
chemical and mechanical stimuli. Such a system is
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necessary for approaching questions of differential peg
response and the dynamics of the peg circuit under
various circumstances. So far, studies have been focused on interactions between neurons within the
same sensillum. It remains to be seen if synaptic interactions extend between neurons from adjacent peg sensilla. Should such interactions exist, then the ordered
architecture of the peg field becomes a candidate for
spatial lateral inhibition and edge-enhancement, not
unlike that of an optical retina. An improved means for
selectively driving specific pegs will be useful in this
regard as lateral effects may only be detected if specific
peg neurons are activated above the baseline firing of
neighboring sensilla.
Several morphological questions remain open concerning the peg neural circuitry. For example, there is
uncertainty as to how the peg neurons are grouped
between the levels of the inner dendritic segments and
the axons (Foelix and Müller-Vorholt, 1983). Also, it
has not been established if all peg neurons relay axons
all the way to the scorpion brain or if there are neural
subsets restricted to the level of the sensillum. It even
remains to be seen if the chemosensory and mechanosensory neurons show any form of synaptic interaction with each other. While it is possible to approach
this question physiologically, morphological imaging
should indicate if synaptic contacts exist. Simply put, a
clear, detailed map of the morphology of the synaptic
contacts among sensory elements in the peg population
is crucial to the complete deciphering of circuit function.
The pectinal sensory system of scorpions offers exceptional experimental advantages for understanding
peripheral processing in a complex chemosensory organ. From a comparative point of view, the pectinal
model should become an increasingly useful complement to research on peripheral processing in diverse
arthropod models (Fabian-Fine et al., 1999; Foelix,
1975; Getz and Akers, 1994; Gödde and Haug, 1990;
Hayes and Barber, 1982; Steinbrecht, 1989; White et
al., 1990). The accessibility of peg sensilla to electrophysiological investigation, coupled with powerful new
computer analysis packages and modeling techniques,
should make way for a detailed description and interpretation of the peg neural network.
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