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letters to the editor

ventral pathway is responsible for identi-
fying the speaker. Similarly, the dorsal path-
way processes the melody of an
instrumental piece, while the ventral path-
way recognizes the instrument by its tim-
bre. This ‘What/How’ model of functional
segregation requires experimental confir-
mation. In particular, it will be important
to understand how such functional segre-
gation interacts with hemispheric lateral-
ization, a feature of the auditory cortex that
characterizes the human brain.
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REPLY—Belin and Zatorre suggest that
the anatomical segregation noted in our
analysis of auditory-prefrontal connec-
tions1 might reflect ‘What’ and ‘How’
rather than ‘What’ and ‘Where’ streams
of auditory information processing. They
state that there is “little evidence for cir-
cumscribed areas of the auditory cortex
being uniquely specialized for processing
auditory spatial information....” Further-
more, Belin and Zatorre propose that, as
applied to speech perception, their model
supports a dorsal pathway for extracting
a verbal message and a ventral pathway
for identifying the speaker.

In response, we point to several lines of
evidence linking posterior auditory belt
cortex and dorsolateral prefrontal cortex
with auditory spatial processing. A num-
ber of studies have shown that neurons
within the posterior auditory cortex are
activated during sound location percep-
tion11,12. Recanzone and colleagues13

recently found that more neurons in cau-
dal areas had spatial sensitivity consistent
with behavioral responses when compared
to A1 neurons. No topographic spatial
‘maps’ have as yet been found in any of
these studies. However, such maps are by
no means a necessity, because cortex
(unlike the colliculi) may not use a place
code for the representation of auditory
space. Similarly, the use of population
codes7 and spike timing14 is not at all
mutually exclusive with the existence of a
‘where’ pathway. In addition to nonhuman
primate work, human imaging studies
have also demonstrated posterior cortical
activation during the spatial perception of
sound15. Furthermore, abnormal sound
localization has been observed in patients
with lesions of posterior auditory cortex16.

In the frontal lobe, the caudal dorso-
lateral region (areas 8 and 46) is involved
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in visuo-spatial perception and memory
in non-human primates as well as
humans17, and this same region receives
a selective innervation from the caudal
auditory belt1. Moreover, recordings from
non-human primates have shown that the
responses of some neurons in dorsolater-
al prefrontal cortex are dependent upon
sound source location18. Furthermore, the
same regions (together with posterior
parietal cortex) are active during sound
localization in man19. Therefore, based on
anatomical projections, electrophysiolo-
gy and functional imaging there is evi-
dence supporting a dorsal auditory spatial
pathway.

An important point raised by Belin
and Zatorre is how the human posterior
auditory cortex might figure into a dorsal
‘where’ pathway, because it is obviously
also involved in speech perception. We
concur that ‘motion processing’ in a gen-
eral sense may indeed be one of the func-
tions of the dorsal pathway but suggest
that it can be used in the service of both
auditory space processing and speech
perception. As Belin and Zatorre point
out, auditory ‘motion’ can be understood
both by functional analogy with the visu-
al system as real ‘motion in space’ or by
direct sensory analogy as ‘spectral
motion’ of a frequency modulation
across the sensory epithelium20. Fre-
quency sweeps in the latter sense are
ubiquitous components of communica-
tion sounds, including human speech
where they figure prominently as for-
mant transitions. Neurons in both the
rostral and caudal auditory belt are selec-
tive for the direction and speed of spec-
tral motion20, which underscores their
potential role in the pre-processing of
speech. Only neurons in the caudal belt,
however, are highly selective for spatial
position as well (J.P.R. et al., Soc. Neu-
rosci. Abstr. 25, 157.2, 1999). It seems,
therefore, that the caudal belt may com-
bine both the spectral and spatial ele-
ments of auditory motion processing and
may act as a switchboard at which a
‘where’ pathway originates and further
processing of speech takes place. As Kaas
and Hackett2 explain in their News &
Views comments on our original paper1,
the number of auditory processing
streams is by no means limited to two,
but may consist of several ‘streamlets’
involved in various aspects of auditory
perception. Like Belin and Zatorre’s
model, our model too requires experi-
mental confirmation, and perhaps
exchanges, such as this, will encourage
those research efforts.
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