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Individual medial entorhinal cortex (mEC) ‘grid’ cells
provide a representation of space that appears to be
essentially invariant across environments, modulo simple
transformations, in contrast to multiple, rapidly acquired
hippocampal maps; it may therefore be established gra-
dually, during rodent development. If this is the case,
then the topology of the environment in which the
development takes place should affect the way the grid
final configuration appears.

Until now, models of grid cells have dealt only with
planar, two-dimensional topologies.

We extend our single-cell adaptation model [1] to
include the third dimension in the environment. We
study two non-planar topologies:

- the sphere surface [2]

- the fully three-dimensional space.

What grid cell firing maps would we expect to
observe?

In the first condition the model predicts a sequence of
spherical harmonics, each of which is the optimal asymp-
totic solution for the self-organizing adaptation process,
within a certain range of the world radius. In the second,
it predicts that the grid fields should assume a configura-
tion analogous to an hexagonal close-packing lattice.

New experiments that make use of virtual reality on a
revolving sphere, or in which rats are reared inside a
spherical cage, will likely be a direct test for our model
on the sphere, while experiments with flying bats will
provide evidence on the feasibility of a genuine 3-dimen-
sional representation of space in terms of grid units.
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