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Corollary disCharge

Imagine an animal walking through a forest. As it 
moves, branches brush against its skin, twigs snap 
at its feet, and patterns of light and shade alter-
nate across its eyes. In principle, the animal should 
be startled by these sensory events. The activation 
of its skin receptors could be interpreted as caused 
by a fly landing on its leg, and the sounds and 
shadows as meaning a predator is looming. 
Surprisingly, the animal is not startled by these 
sensory events; they are expected, partly because 
the animal has access to an internal report of its 
own movements called corollary discharge.

Each of an animal’s movements is initiated by 
motor commands originating from movement 
areas of the brain that travel peripherally to acti-
vate the appropriate muscles. Neural copies of the 
movement commands are issued simultaneously 
and travel in the opposite direction, impinging on 
sensory brain areas. These corollary discharge sig-
nals inform the sensory areas of the upcoming 
movements and allow them to prepare for the sen-
sory consequences of the movement. As a result, 
our animal in the forest is not surprised by the 
brush of the branch, the snap of the twig, or the 
change in shade. Were the animal at rest, or mov-
ing without the benefit of corollary discharge, the 
sensory events would be startling indeed.

As a theoretical concept, corollary discharge has 
a rich history. Behavioral and psychophysical  
evidence for corollary discharge has been around 
for more than a century, and direct physiological 
evidence has accrued within the past few decades. 
Corollary discharge circuits have been found, for 
example, that transiently inhibit a cricket’s hearing 
while it chirps. Researchers now know corollary 
discharge to be ubiquitous. It is present in virtually 
every animal species and coordinates nearly every 
motor and sensory system. The most is known 
about corollary discharge circuits that interact 
with the senses of vision, audition, and somatosen-
sation, as described in this entry.

Vision

Well-understood corollary systems reside in the 
visual and eye movement networks of vertebrates, 
particularly in primates. A common visuomotor 
behavior of the primate that requires corollary dis-
charge is the saccade, a fast eye movement that 
occurs about 2 to 3 times per second as an animal 
scans a scene. Saccades are beneficial because they 
permit rapid relocation of the fovea, but are costly 
because each saccade results in two unfortunate 
consequences for the visual system: an intrasacca-
dic smearing of the image and a trans-saccadic 
displacement of the image across the retina. With 
each saccade, the world should appear as both 
blurry and jumpy because this is what the retina is 
actually reporting. Instead, the world appears 
focused and stable despite the retinal report because 
the visual system receives advance warning of each 
saccade in the form of a corollary discharge.

Corollary discharges of saccadic eye movements 
emerge from oculomotor structures that span vir-
tually all levels of the nervous system and impinge 
on visual areas throughout the brain, early and 
late, subcortical and cortical. At their point of ter-
mination, the corollary discharges interact with 
recipient sensory areas to minimize the effects of 
the eye movement–induced sensory inputs. For the 
case of retinal blur, the corollary discharges par-
ticipate in a mechanism known as saccadic sup-
pression. Neurons participating in saccadic 
suppression are transiently inhibited by corollary 
discharges at the time of the saccade, thus reducing 
the amount of visual information they convey and 
ultimately the amount of blur that is perceived. As 
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for the displacement problem, one putative com-
pensatory mechanism involves neurons that shift 
their receptive fields before each eye movement. 
Instructed by corollary discharge, these neurons 
sample a new part of the visual field before the 
eyes begin to move. By sampling the same portion 
of space both before and after the eye movement, 
shifting receptive fields effectively seem to test 
whether the external world moves during the sac-
cade. If the presaccadic and postsaccadic samples 
match, the world is judged as stable. The corollary 
discharge that shifts receptive fields, at least those 
of neurons in the frontal cortex, is known to arise 
from the midbrain superior colliculus.

Audition

Corollary discharges are also important for coordi-
nating the vocal and auditory systems. One prob-
lem faced by many vocalizing animals is the effect 
their high intensity voices have on their hearing. 
This problem can be considerable for animals that 
vocalize at high decibel level. Such animals as the 
cricket generate high intensity sounds that should 
overwhelm their auditory circuits, rendering them 
temporarily deaf to independently incoming 
sounds. This scenario is avoided by auditory-vocal 
corollary discharge mechanisms analogous to sac-
cadic suppression that enable tight coordination 
between auditory and vocal systems. With each 
vocalization, the corollary discharges exert an 
inhibitory influence on neurons of the auditory 
system. This prevents desensitization and ensures 
maximal attunement to external auditory events.

In humans, corollary discharge mechanisms 
involving speech production and auditory regions 
are thought to play a role in distinguishing self-
generated speech sounds from other-generated 
speech sounds. Neurons in language areas of the 
temporal lobes are suppressed during self-generated 
speech, but remain fully responsive when others 
are talking. Interestingly, in schizophrenia, the 
auditory dampening effect is reduced, betraying a 
reduction in speech production/auditory coordina-
tion. An alteration in this coordination may result 
in internally generated events such as thoughts 
being experienced as having an external source. 
This may serve as a basis for certain aspects of the 
disease pathology such as auditory hallucinations 
and self-monitoring deficits.

Somatosensation

Movements of the body can result in sensory 
input (such as when an animal touches something) 
that is indistinguishable from the input caused by 
external agents (when something touches the ani-
mal). Corollary discharges from the skeletomotor 
system are critical for allowing the somatosensory 
system to tell the difference. They play a rather 
diverse role because they may amplify or suppress 
the responses of somatosensory neurons. The dif-
ference seems to depend on motor context. A rat 
exploring an object with its whiskers or a person 
reading Braille with her fingertips depends on cor-
ollary discharges that amplify the sensory infor-
mation for detailed analysis. This contrasts with 
suppressive corollary discharges of the somatosen-
sory system. These inputs, originating from pre-
motor circuits, inhibit somatosensory neurons 
during voluntary movements. In effect, they pro-
vide a prediction of the sensory consequences of 
the movement. If the actual sensory feedback 
matches the predicted sensory feedback, the sig-
nals cancel and somatosensory input is not per-
ceived. Unexpected sensory inputs, however, pass 
unhindered and result in a surprising somatosen-
sory experience. An everyday example is the act of 
tickling. We cannot tickle ourselves because we 
cannot surprise ourselves. Our finger movements 
cause somatosensory inputs, but corollary dis-
charges of our finger movements cancel them. If 
someone else moves their fingers across our skin, 
however, we experience the familiar “tickly” sen-
sations at full force.

Marc A. Sommer and Trinity B. Crapse

See also Action and Vision; Animal Eye Movements; 
Audition; Body Perception; Haptics
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CortiCal organization

When neuroscientists use the term cortex, they 
usually refer to the neocortex of mammals. 
This neocortex is part of the outer shell or bark 
of the forebrain that was thought to be a new 
structure that evolved with mammals. Now it is 
widely accepted that the neocortex of mammals 
is the same structure as the dorsal cortex of 
reptiles. However, the dorsal cortex is much 
smaller and simpler in laminar organization 
than the neocortex is. Thus, the neocortex is 
new, in the sense that all mammals have a more 
complexly laminated and functionally subdi-
vided cortex than do reptiles. Although some 
use the term isocortex for neocortex, 
the term neocortex is almost univer-
sally used.

When we look at the human brain, 
most of what we see is the neocortex 
(color insert, Figure 38). It occupies 
the outer surface of the two cerebral 
hemispheres of the forebrain, just 
behind the olfactory bulb, above  
the piriform or olfactory cortex, and 
in front of the cerebellum and 
brainstem (color insert, Figure 38). 
All mammals have a neocortex. 
However, the structure is highly var-
ied in size, structural differentiation, 
subdivisions of functional signifi-
cance, and cellular and regional spe-
cializations across mammalian 
species. This variability is one of the 
reasons why the neocortex is such 
an important part of the brain; the 
neocortex has specialized features 
for the various needs of different 
species. Differences in cortical size 
(Figure 1) and organization largely 

account for the considerable differences in the 
abilities and behaviors of mice and men, or 
even monkeys and apes. But, as this entry 
describes, basic features of the neocortex are 
also shared by most present-day mammals 
because they were retained from an early 
mammalian ancestor.

Laminar Organization of the Neocortex

The laminar organization of the neocortex is 
similar in most mammals in that it is a thick 
structure that is divided from outer surface 
to inner white matter into a number of layers 
and sublayers. Traditionally, we count six 
layers (Figure 2; see also color insert, Figure 39), 
each with a specialized role in the functional 
organization of the cortex. This is in contrast 
to the dorsal cortex of reptiles where a thin 
row of neurons receives inputs from other 
parts of the brain and project to subcortical 
structures.

The middle layer of the neocortex, layer 4, 
is the main receiving layer. Neurons in this 

Figure 1  The Brain of a Hedgehog

Notes: The hedgehog is a mammal with a small brain. The neocortex 
forms the outer shell of the two cerebral hemispheres just behind the 
olfactory bulbs at the front of the brain (left), above the piriform or 
olfactory cortex below the rhinal sulcus, and in front of the more 
caudal superior colliculus (SC) and inferior colliculus (IC) of the 
midbrain, the cerebellum, and the brainstem. The neocortex is divided 
into a number of cortical areas including primary and secondary visual 
(V1 and V2) and somatosensory areas (S1 and S2), an auditory region 
(Aud), a parietal ventral somatosensory area (PV), and a primary motor 
area (M1).
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