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The theory of coupled phase oscillators [1] provides a framework to understand the emergent
properties of networks of neuronal oscillators [2]. Such oscillators are a common feature in
many brain areas [3]. When the architecture of the network is dominated by short-range
synaptic connections, the pattern of electrical output is predicted to correspond to traveling
plane and rotating waves of electrical activity, in addition to synchronized output. Here we
discuss the experimental evidence for such patterns, and argue that the theory of coupled
phase oscillators provides the foundation for understanding the traveling electrical waves that
are observed in a variety of species.

We present the results of experiments on three preparations in which the issue of large-scale
electrical activity was addressed, all of which involved the response to natural stimuli in the
intact brain of awake animals. These include: (i) the central olfactory organ of the mollusk
Limax maximus [4;5]; (ii) the primary visual cortex of turtle, Pseudemys scripta [6;7]; and (iii)
the visuomotor cortices of cat [8]. The data collection involved the use of multiple-site
electrical techniques, both with standard electrodes and with optical imaging technology in
conjunction with voltage sensitive dyes [9].

The data reveal that waves are typically present during periods outside of stimulation, while
synchronous or near-synchronous activity typically dominates in the presence of a strong
stimulus [2]. We suggest that the continuum of phase-shifts during periods with traveling
waves provide a means to scan and categorize the incoming sensory stream for novel
features. Experiments to test the validity of the phase oscillator approach, as well as
computational aspects of wave motion, are presented [2]. We further discuss possible
mechanisms for the switch from patterned electrical activity to synchrony [10].

Supported by the NSF and the NIH/NCRR.

1. Kuramoto, Y., Chemical Oscillations, Waves and Turbulence. 1984, New York: Springer Verlag.

2. Ermentrout, G. B. and Kleinfeld, D., Traveling electrical waves in cortex: Insights from phase dynamics and
speculation on a computational role. Neuron, 2001. 29:1-12.

3. Basar, E. and Bullock, T. H., Induced Rhythms in the Brain. 1992, Boston: Birkhauser.

4. Delaney, K. R., Gelperin, A, Fee, M. S, Flores, J. A, Gervais, R., Tank, D. W., and Kleinfeld, D., Waves and
stimulus-modulated dynamics in an oscillating olfactory network. Proc. Nall. Acad. Sci. USA, 1994. 91:669-673.

5. Kleinfeld, D., Delaney, K. R., Fee, M. S., Flores, J. A., Tank, D. W., and Gelperin, A., Dynamics of
propagating waves in the olfactory network of a terrestrial mollusk: An electrical and optical study. J.
Neurophysiol, 1994. 72:1402-1419.

6. Prechtl, J. C., Cohen, L. B., Mitra, P. P., Pesaran, B., and Kleinfeld, D., Visual stimuli induce waves of
electrical activity in turtle cortex. Proc. Nall. Acad. Sci. USA, 1997. 94:7621-7626.

7. Prechtl, J. C., Bullock, T. H., and Kleinfeld, D., Direct evidence for local oscillatory current sources and
intracortical phase gradients in turtle visual cortex. Proc. Nall. Acad. Sci. USA, 2000. 97:877-882.

8. Roelfsema, P. R., Engel, A. K., Konig, P., and Singer, W., Visuomotor integration is associated with zero
time-lag synchronization among cortical areas. Nature, 1997. 385:157-161.

9. Orbach, H. S., Cohen, L. B., and Grinvald, A., Optical mapping of electrical activity in rat somatosensory and
visual cortex. J. Neurosci., 1985. 7:1886-1895.

10. Ermentrout, G. B., Flores, J., and Gelperin, A., Minimal model of oscillations and waves in the Limax
olfactory lobe with tests of the model's predictive power. J. Neurophysiol., 1998. 79:2677-2689.



