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SUMMARY

Electroreceptor organs and mechanoreceptor organs located in the bill skin of the platypus are used by
the animal to locate prey items, underwater, with eyes and ears closed. The precise manner in how these
senses aid the platypus to locate food is not yet known. In this study we provide data on the activity of
cortical neurons in the bill representation of SI when stimulated electrically, mechanically, and
concurrently. Within the SI bill representation, there are alternating stripes of cortex that represent
purely mechanical inputs, and combined electrical and mechanical inputs. Generally, the bimodal units
responded more vigorously to electrical stimulation and had very small dynamic ranges, usually
saturating within 20 pV cm™ of threshold. Latencies to electrical or mechanical stimulation were around
25 ms, but were significantly reduced for concurrent stimulation. Combined with the previously reported
observation that the receptive fields of bimodal neurons within cortical modules were the same, and that
thresholds varied considerably, the observation of limited dynamic range suggests a mechanism for
localization of stimuli. A model is developed wherein the relative activation of a module is dependent on

its proximity to the source,

1. INTRODUGCTION

Since the discovery of the electroreceptive capabilities
of the platypus (Scheich ¢f af. 1986} three studies have
examined the representation of electroreception in the
platypus cortex. The first was undertaken by Scheich et
al. (1986} where evoked potential mapping techniques
and 2-deoxyglucose labelling (Langner & Scheich
1986) were used. Their first report (Scheich ef af.
1986), detailed an area ventral and caudal to the
previously mapped somatotopic bill representation
(Bohringer & Rowe 1977), and ventral to the auditory
representation, where electrical stimulation evoked a
neural potential (lowest threshold of 180 pV cm™).
Scheich ¢f al. reported no evidence of overlap between
electrical and mechanical processing in platypus
cortex. In a subsequent study, using 2-dcoxyglucose
labelling to weak electrical stimulation, the distribution
of electrically evoked activity in the cortex was found
as a series ol rostrocaudally oriented rows, with a
periodicity of 700900 pm (Langner & Scheich 1986).
This arrangement is similar to that of alternating light
and dense regions shown with cytochrome oxidase
{CO) staining of the SI bill representation (Krubitzer
et ql. 1995).

Using evoked potential mapping Proske and
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colleagues (Iggo ot al. 1992; Proske et al. 1992) showed
a focus of electrical activity entirely within the area
previously reported as the somatotopic representation
of the bill {Bohringer & Rowe 1977). The minimum
field strength found to elicit a cortical evoked response
was 300 pV cm™, with a monotonic increase in cortical
response to a plateau at 80 mV cm™.

In a detailed mapping study, using the multiunit
recording technique, Krubitzer ef af. (1995) described
three subdivisions of the somatosensory cortex of the
platypus: SI, PV and R, which correlate to the
architectonic subdivisions of the platypus cortex (Abbie
1940). The bill representation was found to bhe
magnified to extreme proportions: occupying nearly
509, of the entire cortical sheet. Densely spaced
recording sites in portions of the bill representation of
SI revealed that mechanical and electrical respre-
sentations overlap. However, there was a segregation
between regions with responsiveness to purely mech-
anical stimuli, and thosc with responsiveness to both
mechanical and electrical stimuli. The GO rich islands
were found to correspond to regions with purely
mechanical responsiveness, and the GO poor regions
were found to have multimodal responsiveness. This
arangement was found to subdivide the SI hill
representation into two, approximately equal, inter-
digitating portions: one a tactile representation and
one a tactile and electrosensory representation.

Krubitzer e af. {1995) showed that across the CO
poor regions the thresholds to electrical stimuli varied
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