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Propagating waves of activity are seen in many types of
excitable media, and in recent years, were found in the
neocortex of anesthetized animals [1,2]. To date, however, it still remains unclear whether propagating waves
appear during awake and conscious states [3,4]. One
possibility is that these waves are systematically missed
in trial-averaged data, because of their well-known variability from trial to trial [1].
To test this hypothesis, we developed a phase-based analysis technique, which works on a pixel-by-pixel basis in
the unsmoothed data, and provides a quantiative means to
distinguish between spatiotemporal forms of the population response. We then applied this to single-trial voltage
sensitive dye imaging (VSDI) data, denoised specifically for
this purpose [5], and in this work, we show definitively
that spontaeous and stimulus-evoked propagating waves
occur in the visual cortex of the awake monkey. Furthermore, when looking at the multiple visual areas within the
imaging field in these experiments, we observe correlated
propagations across primary and secondary visual cortex,
illustrating a strong spatiotemporal organization of these
waves across cortical areas.
These results demonstrate that propagating waves are systematically and reliably evoked by sensory stimulation, and
suggest that they have the potential to affect large-scale
information processing by generating a consistent spatiotemporal frame for neuronal interactions. The horizontal
fiber network mediating these activity patterns has previously been implicated in active computational roles, as
ascending input at a given point in cortex is known to affect
the processing of future stimuli across the cortical plane
[6,7]. In this work, we implicate these propagations in a specific functional role. These internally generated propagating
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waves provide a specific structure for the spatiotemporal
activity in visual cortex, uniquely encoding both stimulus
identity and time of presentation in the amplitude and phase
of the population response [8]. With these results in mind,
we go on to discuss the computational paradigms towards
which our observations point, elucidating these with numerical models and further analysis.
Acknowledgements
Work supported by the CNRS and the European Community (BrainScales project,
FP7-269921). LM is a PhD fellow from École des Neurosciences de Paris (ENP).
Author details
1
Unité des Neurosciences, Information et Complexité (UNIC), CNRS Gif-surYvette, 91198, France. 2Institut de Neurosciences de la Timone, CNRS & AixMarseille Université, Marseille, France. 3McGill Vision Research, Dept. of
Opthalmology, McGill University, Montréal, Canada.
Published: 8 July 2013
References
1. Xu W, Huang X, Takagaki K, Wu JY: Compression and reflection of visually
evoked cortical waves. Neuron 2007, 55:119-129.
2. Han F, Caporale N, Dan Y: Reverberation of recent visual experience in
spontaneous cortical waves. Neuron 2008, 60:321-327.
3. Ray S, Maunsell JH: Network rhythms influence the relationship between
spike-triggered local field potential and functional connectivity.
J Neurosci 2011, 31:12674-12682.
4. Nauhaus I, Busse L, Ringrach DL, Carandini M: Robustness of traveling
waves in ongoing activity of visual cortex. J Neurosci 2012, 32:3088-3094.
5. Reynaud A, Takerkart S, Masson GS, Chavane F: Linear model
decomposition for voltage-sensitive dye imaging signals: Application in
awake behaving monkey. Neuroimage 2011, 54:1196-1210.
6. Jancke D, Chavane F, Naaman S, Grinvald A: Imaging cortical correlates of
illusion in early visual cortex. Nature 2004, 428:423-426.
7. Reynaud A, Masson GS, Chavane F: Dynamics of local input normalization
result from balanced short- and long-range intracortical interactions in
area V1. J Neurosci 2012, 32:12558-12569.
8. Ermentrout GB, Kleinfeld D: Traveling electrical waves in cortex: insights
from phase dynamics and speculation on a computational role. Neuron
2001, 29:33-44.
doi:10.1186/1471-2202-14-S1-O8
Cite this article as: Muller et al.: Propagating waves structure
spatiotemporal activity in visual cortex of the awake monkey. BMC
Neuroscience 2013 14(Suppl 1):O8.

© 2013 Muller et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

