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Synchronously firing groups of neurons, or cell assem-
blies, exhibit excess pair-wise synchronous spiking in
parallel recordings of neuronal activity. Experimental
work (e.g., [1]) indirectly substantiates the assembly idea
with findings of behavioral correlates of significant spiking
synchrony. We demonstrated [2] that such excess coin-
cident spikes, or Unitary Events (UEs; [3]), show strong
phase-locking to population oscillations exhibited by
the local field potential (LFP), which cannot be explained
by the spike-LFP relationship of individual neurons. A
theoretical model links the observed coincidence-LFP
relationship to the conceptual assembly framework.
Co-varying firing rate modulations that correlate with
LFP oscillations could represent an alternative cause
for the observed phase-locking. In this scenario, the
detected UEs occur as false positives due to firing rate non-
stationarity (e.g., [4]). Here, we present two extensions of
previous work [5] to check if this alternative hypothesis can
as well explain our results.

In a first approach we propose an analysis to identify the
largest rate changes in UE analysis windows under the
assumption that they represent a rate step that is time-
locked to a particular phase angle of the instantaneous
LFP oscillation rhythm on a trial-by-trial basis. Using the
difference of phases at which maximal rate changes are
observed in two neurons we then relate the magnitude of
individual rate steps to the degree of rate co-variation
across neurons. By comparing the findings to theoretical
calibrations tuned to the experimental rates, we find that
although the firing rate modulation is related to LFP
phase, the locking of significant spike synchrony does not
preferentially occur with large co-varying changes of rate.
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Based on these observations, we replace the parametric
distribution of expected coincidences used in the original
study [2] for evaluating the significance of observed coin-
cidence counts by numerically derived distributions
based on surrogate data that implement the null hypo-
thesis that the LFP reflects the change in neuronal firing
rate. To this end, we present a new surrogate method
that dithers spike trains uniformly in operational time
(see, e.g., [6]), a transformation of the original time axis
given by the LFP time series. We are able to confirm our
previous findings [2] on the relationship between precise
spike synchrony and the LFP using this and other [4,5]
surrogate methods, despite their decreased sensitivity in
detecting excess spike synchrony. In summary, we demon-
strate by these complementary analysis approaches that
the original interpretation of LFP oscillations as a reflec-
tion of assembly dynamics is valid.
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