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The long-term goal of this project is to understand
adaptive processing in sensory systems. Our work
focuses on the electrosensory system of the mormyrid
electric fish, a system uniquely suited for the study of
adaptive sensory processing. The electrosensory lateral
line lobe (ELL) of the mormyrid electric fish presents a
special opportunity for examining the influence adaptation on sensory processing because much of the physiology [1] and anatomy [2] has been well characterized.
The mormyrid electric fish senses its environment by
emitting an electric organ discharge (EOD) and detecting the perturbations that nearby objects cause in the
self-generated electric field. Specialized mormyromast
electroreceptors sense the self-generated field and its
distortions. Afferent fibers from these electroreceptors
respond to the fish’s own EOD, and the field strength of
the electric field is encoded in the latency of the afferent
spike response [3,4]. The electrosensory responses are
conveyed with somatotopic precision to the ELL where
the fibers terminate [5].
Previous research on electrosensory adaptation has
concentrated on point-like electrical fields on the skin.
Since the purpose of the electrosensory system is to
analyze changes in spatial patterns, we expect that presenting a spatially distributed electrical pattern will lead
to a better understanding of adaptive aspects of electrosensory processing in ELL. Thus, we have begun construction of a stimulus device that can present a
spatially distributed electrical pattern on the skin of a
mormyrid fish. By controlling the patterns that we present, we can simultaneously record from principal cells
of ELL to observe changes in responses to spatial
patterns.
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The first phase of our stimulus development program
has been to present a low-resolution, 1-dimensional pattern on the fish’s skin. The design was based on an
array of vertical rectangles that could be independently
controlled to present a spatially varying electrical image
along the fish’s skin. We developed electrostatic models
to predict fields that would be generated by an array of
stimulator pads in water. We have developed an electrical pattern design algorithm that will approximate any
given electrical pattern by imposing a set of electrical
potentials on the stimulator array. The algorithm will
allow flexibility in electrophysiological experimental
design to test hypotheses about spatial effects on sensory processing.
A cellular modeling component of this study has been
developed to predict the responses of individual neurons
to stimulation by spatial patterns. Results of our neuronal network models will be compared with experimental
measurements of cell responses to the same stimulation
to iteratively improve our understanding of mechanisms
of electrosensory processing.
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