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Chandrasekaran C, Ghazanfar AA. Different neural frequency
bands integrate faces and voices differently in the superior temporal
sulcus. J Neurophysiol 101: 773–788, 2009. First published Novem-
ber 26, 2008; doi:10.1152/jn.90843.2008. The integration of auditory
and visual information is required for the default mode of speech–
face-to-face communication. As revealed by functional magnetic
resonance imaging and electrophysiological studies, the regions in and
around the superior temporal sulcus (STS) are implicated in this
process. To provide greater insights into the network-level dynamics
of the STS during audiovisual integration, we used a macaque model
system to analyze the different frequency bands of local field potential
(LFP) responses to the auditory and visual components of vocaliza-
tions. These vocalizations (like human speech) have a natural time
delay between the onset of visible mouth movements and the onset of
the voice (the “time-to-voice” or TTV). We show that the LFP
responses to faces and voices elicit distinct bands of activity in the
theta (4–8 Hz), alpha (8–14 Hz), and gamma (�40 Hz) frequency
ranges. Along with single neuron responses, the gamma band activity
was greater for face stimuli than voice stimuli. Surprisingly, the
opposite was true for the low-frequency bands—auditory responses
were of a greater magnitude. Furthermore, gamma band responses in
STS were sustained for dynamic faces but not so for voices (the
opposite is true for auditory cortex). These data suggest that visual and
auditory stimuli are processed in fundamentally different ways in the
STS. Finally, we show that the three bands integrate faces and voices
differently: theta band activity showed weak multisensory behavior
regardless of TTV, the alpha band activity was enhanced for calls with
short TTVs but showed little integration for longer TTVs, and finally,
the gamma band activity was consistently enhanced for all TTVs.
These data demonstrate that LFP activity from the STS can be
segregated into distinct frequency bands which integrate audiovisual
communication signals in an independent manner. These different
bands may reflect different spatial scales of network processing during
face-to-face communication.

I N T R O D U C T I O N

Neuroimaging studies in humans suggest that cortical re-
gions in and around the superior temporal sulcus (STS) are
involved in the integration of faces and voices and numerous
other classes of audiovisual signals (Beauchamp et al. 2004;
Calvert 2001; Calvert et al. 2000; Ethofer et al. 2006; Kreifelts
et al. 2007; Noesselt et al. 2007; van Atteveldt et al. 2004;
Wright et al. 2003). Similar studies using electro- and magne-
toencephalography (EEG and MEG) suggest that evoked re-
sponses, localized approximately to the superior temporal gy-
rus, show suppressive responses for multisensory stimuli com-
pared with auditory stimuli (Besle et al. 2004; Klucharev et al.
2003; van Wassenhove et al. 2005). Single-unit studies in

monkeys have also identified the STS as a nexus for inputs
from different sensory modalities (Baylis et al. 1987; Bruce
et al. 1981; Hikosaka et al. 1988; Schroeder and Foxe 2002),
and two studies examined how different sensory signals are
integrated by single neurons in this region (Barraclough et al.
2005; Benevento et al. 1977). There is, however, a large
epistemic void between integrative processes that occur at the
single neuron level with those occurring at the level measured
by MEG/EEG/functional magnetic resonance imaging (fMRI)
methods. The local field potential (LFP) represents activity at
an intermediate spatial scale that can provide a scaffold be-
tween these two extremes (Varela et al. 2001).

LFPs predominantly reflect the input processes in a given
cortical region (Logothetis 2003). This signal can be decom-
posed into discrete frequency bands (e.g., theta, alpha, or
gamma band activity), each of which represents the synchro-
nous activity of an oscillating network. These oscillating net-
works represent the “middle ground” linking the spiking ac-
tivity of single neurons to behavior (Buzsaki and Draguhn
2004). Only recently, however, have studies identified the
possible dynamics of these different frequency bands, their
sources, and their possible functions (Belitski et al. 2008;
Henrie and Shapley 2005; Kayser and Konig 2004; Lakatos
et al. 2005; Liu and Newsome 2006; Pesaran et al. 2002). With
regard to multisensory integration, the role(s) of different
neural frequency bands is unknown (Senkowski et al. 2008).

Using a monkey model system, here we investigated
whether discrete neural frequency bands integrated conspecific
faces and voices differently by recording LFP activity in the
upper bank of the STS. Vocal communication in macaque
monkeys shows several parallels with human speech reading.
These monkeys can match faces to voices based on expression
type and indexical cues (Ghazanfar and Logothetis 2003;
Ghazanfar et al. 2007), segregate competing multisensory vo-
cal gestures (Jordan et al. 2005), and use similar eye-movement
strategies as humans when viewing vocalizing faces (Ghazan-
far et al. 2006). Furthermore, such behaviors are mediated by
neural circuits that are similar to those activated by audiovisual
speech in the human brain. Single neurons in the monkey STS
integrate audiovisual biological motion, including vocaliza-
tions (Barraclough et al. 2005), as do neurons in the ventro-
lateral prefrontal cortex (Sugihara et al. 2006). Auditory cortex
also integrates faces and voices (Ghazanfar et al. 2005), and
this integration is mediated at least in part by interactions with
the STS (Ghazanfar et al. 2008).
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