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Abstract
Neural circuit mechanisms for controlling voluntary be-
havior in crayfish

Katsushi KAGAYA
Hokkaido University Department of Biological Sciences,
Faculty of Science, Sapporo 060-0810, Japan

Animals initiate behavior not only reflexively in response
to external stimuli but also voluntarily depending on their
internal state. What are the neuronal mechanisms that
subserve voluntary initiation of behavior? I have identified
brain neurons involved in voluntary walking of crayfish,
Procambarus clarkii. I found brain neurons whose spike ac-
tivities increased>1 sec before the spontaneous behavioral
onset. This activity is indicative of readiness or preparatory
activities in the vertebrate brain that precede the onset of
voluntary actions. Therefore, I termed this activity as readi-
ness discharge’. Readiness discharge neurons were found to
be silent when walking was initiated by external stimuli, but
other neurons were specifically activated for the stimulus-
evoked walking. Readiness discharge was not associated
with any specific direction of walking. Other walking direc-
tion-specific neurons were activated after the readiness dis-
charge units were activated, suggesting hierarchical control
for the spontaneous initiation of walking from its general as-
pects to more specifics. Furthermore, I found brain neurons
whose activities increased during walking and others that
were activated at the termination of walking. Thus, it was
revealed that voluntary walking is controlled by descending
interneurons that are organized for behavioral initiation, con-
tinuation and termination in a hierarchical way. Further in-
tracellular studies revealed that readiness discharge are
shaped by sequential excitatory and inhibitory synaptic in-
puts rather than by endogenous excitability changes. The
synaptic activation is most likely to take place in the medial
protocerebrum in the crayfish brain. I propose that recur-
rent neural circuits subserve the activation.

Key words: crayfish, spontaneous behavior, voluntary behav-
ior, locomotion, neuron
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