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Abstract. The function of CNS sites is frequently
explored by an analysis of its input-output relation-
ships. However, such research are often confined to a
qualitative and subjective inspection of raw data.
System Identification methods can be used to formal-
ize the stimulus — response relations, and one of them,
the Volterra approach, is employed here in order to
define these relations in the MGB of the squirrel
monkey, natural vocalizations being the stimuli. In
order to validate the formal representation of the
system under study, the predictibility power of the
model is tested. Having the distances between re-
sponses (PSTH) and predicted response quantified, it is
found that the predictions made by the model are, in
general, “closer” to the actual responses then some
arbitrarily chosen responses. It is concluded that there
are cells in the MGB that can be characterized by their
Volterra kerncls, and further research on the cell's
functional role can be based on these kernels.

Introduction

Characterization of stimulus response relations in the
CNS is a central aspect in experimental neurobiology.
However, due to the complexity and apparent non-
linearities in these relationships, especially at higher
levels of the brain, experiments often do not go far
beyond the description of raw data or of fundamental
quantitative analyses.

In an attempt to disclose the role of primate MGB
in the processing of complex auditory stimuli, in
particular intraspecific communication sounds, we
have recently analyzed stimulus-response relation-
ships of single cells (Allon et al, 1981) located at

*  Supported by a grant No. 84/B from “The Israel center for
psvchological biology™, Charles E, Smith foundation

different regions of that nucleus. Our model system
was a squirrel monkey (Saimiri sciureus) which was
selected for that purpose on the basis of its very rich
vocal repertoire which subserves this species for intra-
specific communication (Winter et al., 1966).

Among other observations we noticed that, in some
cases, the temporal distribution of “response peaks”
corresponded in time with some transients of the
stimulus (see also Creutzfeldt et al, 1980; Glass and
Wollberg, 1983). This “peak tracing” phenomenon,
which is best illustrated by the similarity between the
response pattern of the cell and the envelope of a
particular spectral component of the call correspond-
ing to the characteristic frequency of the cell (Fig. 1),
was, however, confined to a relatively small number of
cells. For most other cells this phenomenon was not
readily seen, and probably obscured by other compo-
nents of the response, even if existed.

These results fit very well with a spectro-temporal
model, suggested recently (Creutzfeldt et al., 1980) for
the detection of complex sounds by cell assemblies in
the thalamocortical segment of the auditory system.
Such relationships are also not totally unexpected in
the light of the well known filtering properties of single
cells along the auditory pathway, including the MGB
(Allon et al., 1981), but certainly call for a more formal
and quantitative description. The fact that for most
cells relationships of that kind are not readily ob-
served, argues strongly for a more sensitive method to
be applied, and for a quantitative description of the
transfer characteristics of stimuli into response signals.
This last aspect, which is often defined as “System
identification” is one of the basic goals in the present
study. Various approaches and techniques have been
suggested for the identification of biological systems,
among which the Volterra and the Wiener-Volterra
representations and their variants are most widely
applied both to peripheral (Marmarelis and Mar-
marelis, 1978) and central (Aertzen, 1981; Eggermont






