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The broad aim for this project is to enhance the understanding of biological information
processing mechanisms. The immediate goals are to uncover the fundamental roles of
sensory feedback mechanisms in the neuronal control of animal locomotion and to
establish mathematical models that predict the dynamical behavior of and supply missing
information about the biological system. More specifically, the aims are to 1) perform
biophysical and physiological experiments on leech preparations to collect neuronal and
mechanical input/output data needed for quantitative models, 11) develop a mathematical
model of the neuronal control system for leech swimming that includes sensory feedback,
I11) predict the effects of sensory feedback through numerical simulations of the model,
and V) test these predictions through physiological experiments on leech preparations.
The project develops dynamical models of the leech locomotion control system,
consisting of the central oscillator, muscle actuation by motoneurons, body-fluid
interactions, and sensory feedback from stretch receptors, through parameter
identifications based on experimental observations.

So far a systems-level model of the central oscillator has been developed. The model is
shown to correctly capture the relation between the intersegmental phase lags and several
crucial parameters including the intersegmental coupling strength and the intrinsic
periods of segmental oscillators. A model has also been developed for the passive
dynamics of leech longitudinal muscles using the length-tension data from step-length-
change experiments, and has been successfully tested against sinusoidal-length-change
experiments that mimic muscle activities during swimming. We have determined the
pacemaker sensitivity (spike frequency versus membrane potential; F-V relationship) of
swim-related motoneurons (MNs), which drive muscle contractions. Through pulse-
current experiments (Fig.1), the pacemaker sensitivity is found to be approximately linear
over a large range (about 20mV) and is modeled by threshold nonlinearities and a linear
transfer function capturing the impulse adaptation. This model explains the clockwise F-
V loop observed during fictive swimming (Fig.2). The mechanics of leech body and the
surrounding fluid has been modeled using the standard multi-body mechanics and
simplified fluid mechanics. With an appropriate muscle contraction pattern, the model is
able to “swim” at a reasonable speed (Fig.3).

The models of the central oscillator, body-fluid mechanics, and muscle activation
mechanism are to be integrated into the whole swimming leech model through sensory
feedback. In addition to the biological data, a theoretical tool, multivariable harmonic
balance, will be used to guide the integration process. Insights gained from the proposed



research on leech swimming are expected to increase our general understanding of
neuronal control systems.
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Fig.3: Swimming leech simulated by the body-fluid model. The head trajectory (red) and
the snap shot of the leech body at the final time (blue) are shown. The distance of travel
over one cycle of undulation, normalized by the wave length, has been experimentally
found to be around 0.64 for leeches, whereas the model predicts this value to be about 0.85.
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