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Cells throughout the CNS have synchronous activity patterns; that is, a cell’s probability of generating an action potential depends

both on its firing rate and on the occurrence of action potentials in surrounding cells. The mechanisms producing synchronous or

correlated activity are poorly understood despite its prevalence and potential effect on neural coding. We found that neighboring

parasol ganglion cells in primate retina received strongly correlated synaptic input in the absence of modulated light stimuli. This

correlated variability appeared to arise through the same circuits that provide uncorrelated synaptic input. In addition, ON, but not

OFF, parasol cells were coupled electrically. Correlated variability in synaptic input, however, dominated correlations in the parasol

spike outputs and shared variability in the timing of action potentials generated by neighboring cells. These results provide a

mechanistic picture of how correlated activity is produced in a population of neurons that are critical for visual perception.

Correlated or synchronous activity challenges our mechanistic under-
standing of how signals propagate through neural circuits and our
functional interpretation of how they are encoded by neural popula-
tions (reviewed in refs. 1,2). Functionally, correlated activity could
convey information that is inaccessible when neural responses are
considered one at a time3–5 or could permit elimination of common
noise from population responses6. Alternatively, correlated activity
could represent redundancy or inefficiency in the coding of input
signals, and as such limit the benefits of averaging responses over
multiple cells7–9. These functional extremes (see also ref. 10) suggest
corresponding differences in the underlying mechanisms. Few studies,
however, directly investigate the mechanistic basis of correlated activity
under physiological conditions.

Nearby retinal ganglion cells show correlated activity in the absence
of modulated light stimuli (reviewed in refs. 11–13). This stimulus-
independent correlated activity must be produced by statistical varia-
tions in photon arrival and/or by spontaneous activity in retinal
circuits. Synchronous activity patterns can extend to include many
ganglion cells14. These larger synchronous events do not necessarily
require direct connections among all participating cells, but instead
could be produced by interactions among smaller groups of cells.
Indeed, correlations between pairs of neighboring ganglion cells appear
to explain much of the synchronous activity generated in the entire
population15,16. This focuses work investigating the mechanisms med-
iating synchronous activity on interactions between pairs of cells.

Shared synaptic input and/or reciprocal synaptic connections could
mediate correlated activity in the retina and other neural circuits.
Anatomical and physiological studies provide evidence for both shared
input and reciprocal electrical coupling in the retina17–26. However,
uniquely identifying the contribution of these two mechanisms to

correlated activity and, more broadly, to neural coding has been
difficult because of substantial species differences, heterogeneity in
the strength of correlations among different ganglion cell types, and a
lack of intracellular recordings from the cells involved (exceptions
are refs. 25,26). Understanding how the mechanisms producing
correlated activity relate to visual function will require a complete
mechanistic picture for correlated activity in a population of identified
ganglion cells.

Here we use paired patch-clamp recordings to investigate the basis of
correlated activity between parasol ganglion cells in primate retina.
These cells are important in visual function, as they provide the
dominant input to dorsal stream visual-processing areas. A wealth of
anatomical information about the circuitry providing input to parasol
cells provides an important tool for understanding how correlations are
produced (reviewed in ref. 27). Furthermore, primate retina offers a
unique opportunity to relate mechanistic studies of correlated activity
to existing information about synchronous activity and neural coding
in populations of identified ganglion cells5,16,28.

RESULTS

Correlated variability in excitatory synaptic inputs

We isolated correlations in excitatory and inhibitory synaptic inputs to
neighboring parasol cells using paired voltage-clamp recordings; these
conditions should suppress reciprocal coupling via gap junctions,
which depends on the voltage difference between the two cells. We
started with excitatory inputs, which are more likely to produce rapid
correlations in action potential generation.

Simultaneously recorded excitatory synaptic inputs to pairs of ON
(Fig. 1a) and pairs of OFF (Fig. 1b) parasol cells showed clear
correlations (Fig. 1c,d). These correlations were present without
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