Saccade-Related Spread of Activity Across Superior
ColliculusMay Arise From Asymmetry of I nternal

Connections

Hiroyuki Nakahara, Kenji Morita, Robert H. Wurtz and Lance M. Optican
J Neurophysiol 96:765-774, 2006. First published May 3, 2006; doi:10.1152/jn.01372.2005

You might find this additional information useful...

This article cites 56 articles, 30 of which you can access free at:
http://jn.physiology.org/cgi/content/full/96/2/765#BIBL

Updated information and services including high-resolution figures, can be found at:
http://jn.physiol ogy.org/cgi/content/full/96/2/765

Additional material and information about Journal of Neurophysiology can be found at:
http://www.the-aps.org/publications/jn

Thisinformation is current as of October 10, 2006 .

Journal of Neurophysiology publishes original articles on the function of the nervous system. It is published 12 times a year
(monthly) by the American Physiological Society, 9650 Rockville Pike, Bethesda MD 20814-3991. Copyright © 2005 by the
American Physiological Society. ISSN: 0022-3077, ESSN: 1522-1598. Visit our website at http://www.the-aps.org/.

9002 ‘0T 1990100 uo hio'ABojoisAyd-ul woiy papeojumoq



http://jn.physiology.org/cgi/content/full/96/2/765#BIBL
http://jn.physiology.org/cgi/content/full/96/2/765
http://www.the-aps.org/publications/jn
http://www.the-aps.org/
http://jn.physiology.org

J Neurophysiol 96: 765-774, 2006;
doi:10.1152/jn.01372.2005.

Saccade-Related Spread of Activity Across Superior Colliculus May Arise

From Asymmetry of Internal Connections

Hiroyuki Nakahara,' Kenji Morita,” Robert H. Wurtz,® and Lance M. Optican®

'Laboratory for Mathematical Neuroscience and for Integrated Theoretical Neuroscience, RIKEN Brain Science Institute, Saitama;

2Institute of Industrial Science, University of Tokyo, Tokyo, Japan; and *Laboratory of Sensorimotor Research, National Eye Institute,

National Institutes of Health, Bethesda, Maryland

Submitted 27 December 2005; accepted in final form 24 April 2006

Nakahara, Hiroyuki, Kenji Morita, Robert H. Wurtz, and Lance
M. Optican. Saccade-related spread of activity across superior col-
liculus may arise from asymmetry of internal connections. J Neuro-
physiol 96: 765-774, 2006; doi:10.1152/jn.01372.2005. The superior
colliculus (SC) receives a retinotopic projection of the contralateral
visual field in which the representation of the central field is expanded
with respect to the peripheral field. The visual projection forms a
nonlinear, approximately logarithmic, map on the SC. Models of the
SC commonly assume that the function defining the strength of
neuronal connections within this map (the kernel) depends only on the
distance between two neurons, and is thus isotropic and homoge-
neous. However, if the connection strength is based on the distance
between two stimuli in sensory space, the kernel will be asymmetric
because of the nonlinear projection onto the brain map. We show,
using a model of the SC, that one consequence of these asymmetric
intrinsic connections is that activity initiated at one point spreads
across the map. We compare this simulated spread with the spread
observed experimentally around the time of saccadic eye movements
with respect to direction of spread, differing effects of local and global
inhibition, and the consequences of localized inactivation on the SC
map. Early studies suggested that the SC spread was caused by
feedback of eye displacement during a saccade, but subsequent studies
were inconsistent with this feedback hypothesis. In our new model,
the spread is autonomous, resulting from intrinsic connections within
the SC, and thus does not depend on eye movement feedback. Other
sensory maps in the brain (e.g., visual cortex) are also nonlinear and
our analysis suggests that the consequences of asymmetric connec-
tions in those areas should be considered.

INTRODUCTION

The superior colliculus (SC) is a layered, midbrain structure
related to rapid (saccadic) eye movements. The superficial
layers (related to vision) and the intermediate and deep layers
(related to movement) contain a nonlinearly compressed map
of retinotopic space (Fig. 1, A and B) (Cynader and Berman
1972; Robinson 1972). The central visual field is represented in
more detail than the periphery and consequently covers a larger
proportion of the SC map than does the periphery (Fig. 1B);
thus the map is compressed toward the peripheral edge along
the rostral-caudal axis. The map is approximately logarithmic
(Mcllwain 1975; Ottes et al. 1986) and the maps in the
different SC layers are aligned (Mohler and Wurtz 1976;
Schiller and Stryker 1972; also see review by Sparks 1989).

Targets close to the center of the visual field are represented
rostrally in the SC (black circle in Fig. 1B) and targets in the
periphery are represented caudally (black triangle).

The deeper SC layers contain several different types of
neurons that in one classification scheme (Munoz and Wurtz
1995a) are known as buildup and burst neurons. Both types
usually have a high-frequency burst of activity (about 800
spikes/s) at the time of the saccade, but the buildup neurons
also have a slowly increasing activity (up to nearly 100
spikes/s) before the saccade. A striking but controversial aspect
of neuronal activity in the SC intermediate layers is that the
low level of activity on the buildup neurons sometimes spreads
from caudal to rostral in the SC around the time of a saccade.
It is important to emphasize that the activity that spreads is the
low buildup of activity, and not the burst (that remains centered
at the retinotopic location of the target). This intriguing obser-
vation, first made in the cat (Munoz et al. 1991a,b), was
described as a “moving hill” of activity traveling from caudal
to rostral across the map. Similar activity was later found in the
monkey SC visual motor neurons (Munoz and Wurtz 1995b),
although it was better described as a spread of activity rather
than a moving hill because there was little caudal-to-rostral
movement of the peak of activity. The spread in the monkey
has been confirmed in other experiments; a small spread in
both lateral and rostral-caudal directions was found by Ander-
son et al. (1998), and a spread was observed with the use of two
recording electrodes at different rostral-caudal locations (Port
et al. 2000).

The initial reports of the moving hill (in the cat) and the
spread of activity (in the monkey) led to the hypothesis that it
played a functional role in controlling the duration of eye
movements (Guitton et al. 1990; Wurtz and Optican 1994).
This hypothesis assumed, first, that the spread of activity was
driven by information about the movement feeding back to the
SC and, second, that the distribution of activity on the map
represented the distance the eye still had to go to reach the
target (i.e., the instantaneous, or dynamic, motor error). The
allure of this hypothesis was that a critical function in motor
control, calculating motor error, could be accomplished simply
by using feedback to change the distribution of activity on a
dynamic brain map.

This error computation hypothesis was controversial
(Anderson et al. 1998; Guitton et al. 1993; Sparks 1993), and
several subsequent experimental observations in the monkey
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