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Definition
Every motor act that an animal produces will elicit
sensory input from its own receptors [1]. Termed
▶reafference, this self-generated sensory input can be
quite useful. For example, bats listen to the echoes of
their own ultrasonic calls to navigate through the night,
and sensory feedback from skeletal muscles can be
used to improve motor control. On the other hand,
reafferent input is often not informative, and it can even
interfere with the detection of external sensory input. A
major problem faced by all animals is distinguishing
reafferent sensory input from external sensory input.
This issue is particularly relevant to the subject of
animal communication. A communicating animal must
produce its own signal as well as detect the signals
produced by other individuals. A central question in
the neurobiology of communication behavior is how
sensory systems are able to discriminate self-generated
from externally produced signals.
Consider the problem of reafference for visual

perception. Any movement of the eyes, either directly
or indirectly, due to movements of the head or body,
causes the visual input to the retina to shift dramatically.
How does the visual system compensate for this shift
and maintain sensitivity to external visual stimuli?
Early experiments suggested that every time a motor
command that induces eye movement is issued, a copy
of that command is also sent to the visual system, which
generates a negative image of the visual input expected
to result from that movement [1,2]. Combining this
negative image with actual visual input eliminates any
self-induced changes. As a result, the perceived visual
world maintains its stability and only externally
generated visual inputs are detected.
This basic mechanism relies on two distinct features.

First, the timing of motor output must be relayed to
the sensory system through what is referred to as a
▶corollary discharge [2]. Second, the corollary discharge
must activate a negative image of the reafferent input, a
so-called ▶efference copy [1]. Research on weakly
electric fish has provided insight into the neuronal
implementation of these two features [3,4].
Characteristics
Quantitative Description
African mormyrid fish possess an electromotor system
that generates weak electric signals from a specialized
▶electric organ, as well as an electrosensory system for
detecting these signals (Fig. 1a). This unique sensori-
motor system serves two functions. Through ▶active
electrolocation, mormyrids are able to detect distortions
in their own electric field caused by nearby objects and
thereby locate and identify various features of those
objects, as well as navigate through their environment.
By sensing the electric signals generated by other
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individuals, mormyrids are also able to communicate
within the electric modality.

Electric signals in mormyrids consist of a fixed
▶electric organ discharge (EOD) separated by a variable
▶sequence of pulse intervals (SPI) (Fig. 1b). The EOD
waveform conveys several aspects of the sender’s
identity, such as its species, sex, dominance, and possibly
even its individual identity [5]. The total duration of
the EOD is a particularly salient variable across species,
ranging from as little as 100 μs to over 10 ms, and it
may also exhibit sex- and status-related differences,
with dominant males having a two- to three-fold longer
EOD than females. By contrast, the SPI is involved
in communicating contextual information about the
sender’s behavioral state and motivation. A variety of
different patterns in the SPI have been linked with
behaviors such as courtship and aggression [5].

In order for mormyrids to utilize the information
available to them in these electric signals, however, they
must first be able to distinguish their own EODs from
those of other individuals. This distinction is made
possible by a corollary discharge pathway that relays
the timing of EOD production to central electrosensory
regions (Figs. 1a and 2). By comparing incoming
electrosensory information with an internal copy of
their electromotor commands, they are able to distin-
guish their own electric signals from those of other
nearby fish [4].
Reafferent Control in Electric Communication. Figure 1
the mormyrid Brienomyrus brachyistius. The electric organ,
hindbrain. Each descending command drives the productio
electric fields are detected by electroreceptors, whose dist
shading. Input from the electroreceptors converges onto an
receives input from the electric organ command center. (b)
voltage is plotted upward. The electric organ discharge (EO
of EOD production, indicated by the sequence of pulse inte
Higher Level Structures
Electromotor Pathway
Each EOD is initiated by a group of neurons in the
ventral hindbrain that together constitute the electric
organ▶command nucleus (CN) [5]. The neurons in the
CN project both directly and indirectly to an adjacent
group of neurons that make up the medial relay nucleus
(MRN). The neurons in the MRN receive the command
from the CN and relay it down the spinal cord
to electromotor neurons that drive the electric organ
(Fig. 2). The activity in the CN, and therefore the SPI, is
determined by a number of descending inputs, foremost
of which is a precommand nuclear complex (PCN)
consisting of two adjacent, but physiologically and
anatomically distinct neuronal populations [5].

Electrosensory Pathway
The electrosensory system of mormyrids consists of
three distinct pathways, one of which is relevant for
electric communication (Fig. 2). The primary sensory
afferents in this pathway receive input from so-called
▶knollenorgan electroreceptors, and project to a region
of the dorsal hindbrain termed the nucleus of the
electrosensory lateral line lobe (nELL) [6]. The neurons
in the nELL relay this electrosensory input to a large
midbrain structure termed the ▶torus semicircularis, a
sensory processing region considered homologous to
the inferior colliculus of mammals.
(a) Schematic of the electric communication system in
shown in blue, is controlled by a command center in the
n of a single electric organ discharge (EOD). External
ribution on the body surface is indicated by turquoise
electrosensory region in the hindbrain, which also

Structure of electric signals in mormyrids. Head positive
D) has a fixed, characteristic waveform, while the pattern
rvals (SPI), is variable.
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Figure 2 Electric communication pathways in
mormyrids. The electromotor pathway is shown in blue,
the electrosensory pathway in green, and the corollary
discharge pathway in red. Excitatory connections
are indicated by flat lines, inhibitory connections
by solid circles. Abbreviations: BCA, bulbar
command-associated nucleus; CN, command nucleus;
MCA, mesencephalic command-associated nucleus;
nELL, nucleus of the electrosensory lateral line lobe;
PCN, precommand nuclear complex;MRN, medial relay
nucleus; slem, sublemniscal nucleus; VP,
ventroposterior nucleus.
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Electric Organ Corollary Discharge Pathway
The EOD command issued by the CN is relayed not
just down the spinal cord to the electric organ, but
also to higher brain centers that provide a precise
timing reference of EOD production (Fig. 2) [3,5]. This
electric organ corollary discharge (EOCD) pathway
plays an important role in electric communication.
For electrosensory processing in the knollenorgan
pathway, it gives rise to an inhibitory input to the
nELL that serves to block responses to reafferent
electrosensory input (Fig. 2) [4]. In addition, the EOCD
pathway helps regulate EOD production, as it projects
to an electromotor region that provides inhibitory input
to the PCN (Fig. 2). As a result, the region that drives
the CN to fire is inhibited each time an EOD is
generated. This negative feedback, referred to as
recurrent inhibition, plays a critical role in controlling
the SPI [5].
Lower Level Components
Electric Organ
The electric organ of mormyrids is located at the base
of the tail and consists of a homogenous population of
disc-shaped, modified muscle cells called ▶electrocytes
(Fig. 1a) [7]. When they are activated in synchrony by
input from spinal electromotor neurons, their individual
electrical potentials summate and give rise to the
EOD, the amplitude of which is typically a few volts.
Differences in the EOD waveform across species and
between the sexes are directly related to variations in
electrocyte morphology [7].

Electroreceptors
The knollenorgans involved in electric communication
typically contain a few receptor cells that are housed
together within a single large capsule [8]. Knollenorgan
receptors are broadly tuned to the spectrum of the
species-specific EOD and are extremely sensitive, with
thresholds as low as 0.1 mV. In response to outside
positive-going voltage steps, they fire a single spike at a
short fixed latency. This phase-locked activity is
relayed by primary sensory afferents to the nELL.

Specialized Features of Time-Coding Circuitry
The electromotor and electrosensory pathways of
mormyrids are characterized by several unique anato-
mical specializations. Both pathways contain high
levels of calcium-binding protein and consist of large,
spherical, adendritic cell bodies that give rise to thick,
heavily myelinated axons. Synapses in both pathways
are typically mixed chemical-electrical, and often form
large terminals that envelope a significant portion of
the postsynaptic soma. Unlike most brainstem nuclei
that occur in bilateral pairs, the CN and MRN form
unpaired, midline nuclei. All of these features have
been associated with neural circuits in which spike
timing precision is of the utmost importance [9]. For
the electromotor system, this precision is critical for
activating the electrocytes in synchrony and thereby
maintaining a constant EOD waveform. For the elec-
trosensory system, it is involved in accurate temporal
coding of the EOD waveform.

Higher Level Processes
Distinguishing Self-Generated EODs from External EODs
Knollenorgan receptors respond equally to any EOD
that is above threshold, whether it is generated by the
fish’s own electric organ or that of another fish. In
both cases, primary knollenorgan afferents generate a
single spike that gives rise to an excitatory input to
nELL [4]. However, the neurons in nELL also receive
inhibitory input from the EOCD pathway [4], which
causes the nELL neurons to respond quite differently to
self-generated and external EODs (Fig. 3).



Reafferent Control in Electric Communication. Figure 3 Corollary discharge-mediated inhibition of reafferent
electrosensory input in the nucleus of the electrosensory lateral line lobe (nELL). (a) Primary knollenorgan afferents
form large, excitatory, mixed chemical-electrical synapses onto the soma of large, adendritic spherical nELL neurons.
The electric organ corollary discharge (EOCD) pathway also provides inhibitory input onto the soma and initial
segment of nELL neurons. (b) Patterns of activity recorded from the electrode locations shown in (a) in response to
an external EOD. (c) Patterns of activity recorded from the electrode locations shown in (a) in response to a
self-generated EOD.
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When knollenorgan afferents respond to an external
EOD, the EOCD pathway is not active. As a result, the
nELL neurons only receive the excitatory afferent input,
which they relay to the midbrain (Fig. 3b). By contrast,
when the fish generates its ownEOD, theEOCDpathway
also becomes active, providing inhibitory input to nELL
neurons. This inhibition blocks the response of nELL
neurons to afferent electrosensory input (Fig. 3c), and
the signal therefore does not get relayed to the midbrain
[4]. As the reafferent input for this system is simply a
brief excitation, the corollary discharge-driven efference
copy is simply a brief inhibition.

Temporal Coding of the EOD Waveform
The EOD of a neighboring fish will cause current
to flow into one half of the body surface and out the
other, meaning that knollenorgans on these two surfaces
will be exposed to opposite stimulus polarities. As
knollenorgans only respond to positive-going voltage
steps, those located where current is entering the skin
respond to the rising edge of the stimulus, while those
located where current is exiting the skin respond to
the falling edge. Thus, by comparing spike times from
opposite sides of the body, a mormyrid can, in principle,
determine the duration of the EOD waveform [6].

A primary projection site of nELL axons is the
anterior exterolateral nucleus (ELa) in the torus
semicircularis (Fig. 4a). Within the ELa, there are two
distinct types of neurons, large cells and small cells, both
of which receive excitatory input from nELL axons.
Upon entering the ELa, the nELL axons immediately
terminate onto 1 or 2 large cells, and then wind their way
throughout the nucleus over distances of 3 to 4mmbefore
branching and terminating onto a large number of small
cells [6]. The large cells project exclusively within the
ELa, terminating on small cells with large inhibitory
synapses [6]. Thus, the small cells receive phase-locked
input from two different sources: excitatory input from
nELL axons and inhibitory input from ELa large cells
(Fig. 4b). However, the excitatory input is significantly
delayed by the time it takes an action potential to
propagate down the long,windingpath of the nELLaxon,
suggesting an “anti-coincidence detection” model for
comparing spike times from knollenorgans on opposite
sides of the body [6].

As an example, the small cell shown in Fig. 4b
receives delayed excitatory input in response to stim-
ulus onset and inhibitory input in response to stimulus
offset. For short duration stimuli, this delayed excitatory
input will arrive during the inhibition, and the small cell
will not fire (Fig. 4c). As stimulus duration increases,
however, there will be a greater delay before the
inhibitory input reaches the small cell. If the duration is
long enough such that the delayed excitatory input
arrives before the inhibitory input, then the small cell
will fire (Fig. 4c). Thus, a given small cell will only
respond to EODs that are longer than some threshold
duration. Assuming that different small cells receive
input from nELL axons of varying delays, each small
cell will have a different threshold value, and EOD
duration will be reflected in the total number of active
small cells [6].

Function
The Reafference Principle
Dealing with reafferent sensory input is a problem faced
by all animals [1]. In the communication system of
mormyrid electric fish, this problem is solved by a very
simple, yet effective solution: incoming sensory input is
blocked by inhibition every time the fish produces a



Reafferent Control in Electric Communication. Figure 4 Model of EOD waveform discrimination in mormyrids.
(a) Neuroanatomy of the knollenorgan pathway. Excitatory connections are indicated by flat lines, inhibitory
connections by solid circles. Primary afferents from knollenorgans project ipsilaterally onto the nucleus of the
electrosensory lateral line lobe (nELL), which also receives inhibitory input from the electric organ corollary discharge
pathway (EOCD). Axons from nELL ascend through the lateral lemniscus to project bilaterally to the anterior
exterolateral nucleus (ELa) of the torus semicircularis, first onto large cells, then after winding throughout the nucleus,
onto small cells. The large cells provide inhibitory input to the small cells. The small cells project ipsilaterally to the
posterior exterolateral nucleus (ELp). (b) Schematic diagram showing the inputs to the small cell shown in (a) in
response to a transverse square pulse. The ipsilateral side responds to the pulse onset, providing delayed excitatory
input to the small cell, while the contralateral side responds to the pulse offset, providing inhibitory input to the small
cell. c, Responses of the small cell shown in (b) to square pulses of varying duration. The green traces show the
excitation provided by the nELL axon, while the red traces show the inhibition provided by the large cell. The blue
traces show the resulting output of the small cell.
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signal. Thus, the fish only senses the electric signals
produced by other individuals. Recent studies have
shown that this same strategy is used by singing crickets
to block auditory responses to their own song [10].
Thus, corollary discharge-driven inhibition may be a
widespread solution to dealing with the problem of
reafference.

However, reafferent stimuli may often be much
more complex, and the temporary blanking of responses
afforded by simple inhibition may not be an effective
solution. The earlier description of the effects of eye
movement onvisual processing is an illustrative example.
Rather than brief excitation, the reafferent input in
this case is a complex pattern of excitation and inhibi-
tion across many neurons over time, which is dependent
on the specific eye movement undertaken. It is not
sufficient to simply block incoming visual input during
any movement, because this would result in complete
blindness. In this case, rather than simple inhibition,
the corollary discharge activates a spatiotemporally
complex efference copy that cancels out the sensory
input arriving from each portion of the visual field in
response to the movement [1].

For active electrolocation in mormyrids, the fish’s
own EOD is the signal of interest, while those of other
individuals constitute noise. Not surprisingly, then, the
EOCD pathway provides excitatory, rather than inhibi-
tory, input to the electrosensory pathway involved in
active electrolocation and thereby facilitates reafferent
sensory input [3]. However, much of this input is not
informative, as it signals the presence of unchanging, or
predictable, environmental features. In contrast to the
hard-wired inhibition provided to the knollenorgan
pathway, this corollary discharge-driven excitatory
input can be altered through experience so that expected
sensory input is nullified and only novel, informative
input gets through [3]. This system provides an example
of a modifiable efference copy, one that may be adjusted
to compensate for changes in the sensory consequences
of motor production.

Temporal Coding
Early research on electric communication in mormyrids
focused on the SPI, because it was assumed that the
EOD acted simply as a carrier signal for information
encoded in a temporal pattern. The reasoning behind
this was that EODs must be too brief to transmit any
information. However, field recordings from mormyr-
ids in the field revealed incredible species-specific
diversity in the EOD waveform, as well as sex
differences in many species [5]. Playback experiments
in the field later demonstrated that these differences
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were behaviorally significant. In particular, EOD
duration, or the relative timing of positive and negative
voltage deflections were especially important [6]. These
experiments therefore demonstrated that EOD recogni-
tion was mediated by a temporal code. In this chapter,
we have seen a remarkable, yet simple, example of how
the information contained within such a temporal code
may be extracted through dedicated neuronal circuitry.
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Definition
Realism is ametaphysical position concerning the status
of objects, facts and properties which can be of the most
different kinds. One may be a realist concerning objects
in space and time like trees, rocks, and molecules,
concerning abstract objects like numbers or values,
properties like being red or facts like the fact that the
earth is round. What does realism with respect to one or
more of these types of items amount to? Unfortunately
there is no shared view among the experts in the field as
to how realism is best defined. The question is especially
disputed among adherents of the various brands of
realism and their critics, the so-called anti-realists.
According to the definition shared by most (but not all)
philosophers considering themselves realists, realism
with respect to a certain item implies the following two
claims: First, the existence claim (EC): The items in
question exist. Secondly, the independence claim (IC):
The items in question are neither themselves something
mental (mere ▶ideas or representations) nor is their
existence in anyway dependent onwhetherwe represent
them (that is, perceive them or think of them) in a
particular way or not. If you believe, for example, that
the earth exists independently ofwhether there is a being
with mental states able to represent it then you are a
realist about the earth. Realism is often restricted to
certain types of items: one may be a realist concerning
physical objects in space and timewithout being a realist
concerning moral values. According to the two defining
claims one might dispute realism concerning a certain
item in two ways: by denying either (EC) or (IC). For
example, realism about moral values can be denied
either by denying that there are any such values in the
first place or by admitting their existence but taking it to
be completely dependent on our ability to devise such
values.

According to the alternative definition put forward
by anti-realists realism is not so much a theory about the
nature of objects, facts or properties but a doctrine
concerning the question of how the truth of sentences is
best understood. The relevant conception of truth
implies that truth is verification-transcendent, that is, a
sentence might be true although we don’t have the
slightest possibility to find out that it is true. Anti-
realists use this definition to criticize realism, because
they take the verification-transcendent conception of
truth to be at odds with their preferred accounts
concerning the question of what is implied when a
speaker understands a proposition [1]. Realists have
objected to this characterization of their position that
they see no need to commit themselves to any
substantial notion of truth whatsoever by endorsing
(EC) and (IC) [2]. This essay will therefore follow the
first definition.

Description of the Theory
Realism cannot only be held with respect to different
items, it can also be formulated with varying strength.
These variations in strength are mainly due to the fact
that (IC) can be interpreted in various ways. According


	R
	RA Afferents
	Definition

	Rabies
	Definition

	Radial-Arm Maze
	Definition

	Radial Glia
	Definition

	Radial Histogenetic Division
	Definition

	Radial Migration
	Definition

	Radiation Term
	Definition

	Radiculopathy
	Definition

	Radioisotope
	Definition

	Radioligand
	Definition

	Radiopharmaceutical (Radiotracer)
	Definition

	Radiotracer Imaging
	Definition

	Raf
	Definition

	RAGs (Regeneration-Associated Genes)
	Definition

	Random Process
	Definition

	Raphé Interpositus
	Definition

	Raphé Nuclei
	Definition

	Raphé Nuclei and Circadian Rhythm
	Definition

	Raphespinal Tract
	Synonyms
	Definition

	Rapid Eye Movement (REM) Sleep
	Definition

	Rapid Eye Movement (REM) Sleep Disorder
	Definition

	Rapidly Adapting Pulmonary Receptors
	Rapidly Adapting Type I Mechanoreceptors
	Definition

	Rapidly Adapting Type II Mechanoreceptors
	Definition

	Rapsyn
	Definition

	Rarefaction
	Definition

	Ras GTPases
	Definition

	Rate Coding in Motor Units
	Definition

	Rate of Cross-Bridge Detachment
	Definition

	Rathke's Pouch
	Definition

	Rating Task
	Definition

	Ratiometric Dye
	Definition

	Ray-finned Fishes
	Definition

	RC Circuit
	Definition

	RCS Rat
	Definition

	rd/rd or rd1 Mouse
	Definition

	Reach to Grasp Postural Strategy
	Definition

	Reaching Behavior
	Definition

	Reaching Movements
	Definition
	Characteristics
	Kinematics
	Dynamics
	Muscle Patterns
	Neural Control

	References

	Reaction
	Reaction Time
	Definition

	Reaction Time Task
	Definition

	Reactive Astrocyte
	Definition

	Reactive Gliosis
	Reactive Oxygen Species: Superoxide Anions
	Readily Releasable Secretory Vesicles
	Reafference
	Definition

	Reafferent Control in Electric Communication
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Electromotor Pathway
	Electrosensory Pathway
	Electric Organ Corollary Discharge Pathway

	Lower Level Components
	Electric Organ
	Electroreceptors
	Specialized Features of Time-Coding Circuitry

	Higher Level Processes
	Distinguishing Self-Generated EODs from External EODs
	Temporal Coding of the EOD Waveform

	Function
	The Reafference Principle
	Temporal Coding


	References

	Realism (Metaphysical, Internal, Common Sense, Naïve, Scientific)
	Definition
	Description of the Theory
	References

	Reality Monitoring
	Definition

	Realization
	Definition

	Reasoning
	Definition
	Characteristics
	Deductive and Inductive Reasoning
	Cognitive Theories of Reasoning
	Reasoning and the Brain
	Patient Studies
	Brain Imaging Studies

	Reasoning and Visual Mental Imagery
	Content Effects and Belief Biases
	Evaluation of Reasoning Theories

	References

	Rebound Bursting
	Definition

	Recall
	Definition

	Receiver
	Definition

	Recency
	Definition

	Recent and Remote Memory
	Receptive Field
	Definition

	Receptive Field, Visual
	Definition

	Receptive Field of Retinal Ganglion Cell
	Definition

	Receptive Field Selectivity
	Receptor
	Definition

	Receptor Agonist
	Definition

	Receptor Cell
	Definition

	Receptor Channel
	Receptor Current
	Definition

	Receptor Desensitization
	Definition

	Receptor Membrane
	Definition

	Receptor Potential
	Definition

	Receptor Regulation, Editing
	Definition

	Receptor Regulation, Phosphorylation
	Definition

	Receptor Regulation, Splicing
	Definition

	Receptor Regulation, Subunit Change
	Definition

	Receptor Trafficking
	Synonyms
	Definition
	Characteristics
	Description of the Process
	Newly Synthesized Receptor Trafficking
	Trafficking Along Dendrites and Targeting to Synapses
	Endocytosis and Intracellular Trafficking

	Regulation of the Process
	Phosphorylation
	Palmitoylation
	Ubiquitination and Sumoylation
	Closing Comments


	References

	Receptor Tyrosine Kinase
	Definition

	Reciprocal Activation
	Definition

	Reciprocal Dendrodendritic Synapse
	Definition

	Reciprocal Inhibition
	Definition

	Recognition
	Definition

	Recognition Memory
	Synonyms
	Definition
	Characteristics
	References

	Recognition Neurons
	Definition

	Recollection
	Recruitment
	Definition

	Recruitment in Acoustics
	Definition

	Recruitment of Motor Units
	Definition

	Rectifying Gap Junctions
	Definition

	Recurrent Brief Depression
	Definition

	Recurrent Facilitation
	Definition

	Recurrent Hypersomnia
	Definition

	Recurrent Inhibition
	Definition

	Recurrent Network
	Definition

	Recurrent Processing
	Definition

	Red Nucleus
	Definition

	Reductionism (Anti-Reductionism, Reductive Explanation)
	Definition
	Description of the Theory
	Varieties of Reduction: Theory reduction
	Varieties of Reduction: Reductive or Mechanical Explanation
	Anti-Reductionistic Positions

	References

	Redundancy of Degrees of Freedom
	Definition

	Redundant Set, Redundancy Problem
	Definition

	Reference
	Definition

	Reference Frame
	Definition

	Reference Model
	Definition

	Referent Configuration
	Definition

	Referent Trajectory of an Effector
	Definition

	Referential
	Definition

	Referred Pain
	Definition

	Reflex
	Definition

	Reflex Adaptation
	Definition

	Reflex Chain
	Definition

	Reflex Sympathetic Dystrophy (RSD)
	Definition

	Reflexes
	Definition
	Background
	Overview of the Essays Grouped within the Topic “Reflexes”

	References

	Reflexive Saccades
	Definition

	Refractory Period
	Definition

	Regeneration
	Nerve Regeneration in the PNS
	Motor Nerves: The Neuromuscular Junction
	Sensory Nerves: Sensory Corpuscles in the Skin

	Nerve Regeneration in the CNS
	Schwann Cells
	Bone Marrow Stromal Cells
	Neural Stem Cells
	The Choroid Plexus
	Olfactory Ensheathing Cells
	Embryonic Spinal Cord Tissue
	Genetically Modified Cells
	Immune System
	Inhibitory Molecules

	References

	Regeneration Associated Genes (RAGs)
	Definition

	Regeneration: Clinical Aspects
	Definition
	Characteristics
	Background
	The Nerve Trunk and the Regeneration Process
	Clinical Nerve Repair and Reconstruction
	Nerve Transfers
	End-to Side (ETS) Nerve Repair
	Functional Remodelling of Brain Cortex
	Sensory Relearning and Sensory Re-Education
	Factors Influencing the Outcome from Nerve Repair
	Age
	Cognitive Brain Capacities
	Timing of Repair
	Type of Nerve
	Level of Injury


	References

	Regeneration of Optic Nerve
	Definition
	Characteristics
	Higher Level Structure of Optic Nerve
	Structural Regulation
	Higher Level Process
	Process Regulation
	Therapy

	References

	Regeneration of the Central Nervous System
	Definition

	Regionalization of the Vertebrate Central Nervous System
	Definition
	Characteristics
	Description of the Process
	Regionalization of the Prosencephalon
	Regionalization of the Mesencephalon
	Regionalization of the Rhombencephalon
	Regulation of the Process by Signaling Centers
	Regionalization Along Dorsoventral (DV) Axis

	References

	Regulation of Neurotransmitter Release by Protein Phosphorylation
	Definition
	Characteristics
	References

	Regulatory Region
	Definition

	Regulatory Route
	Definition

	Regulatory T Cells
	Definition

	Reinforcement
	Definition

	Reinforcement Learning in Neural Networks
	Definition

	Reinforcement Learning in Animals
	Definition

	Reinforcer
	Definition

	Reinnervation
	Definition

	Reinnervation of Muscle
	Definition

	Reinstatement
	Definition

	Relation
	Definition

	Relational or Configural Navigation Strategy
	Definition

	Relative Pain Unpleasantness
	Definition

	Releasing Values
	Definition

	Releasing-Hormone and Release-Inhibiting Hormone
	Definition

	Reliabilism
	Definition

	REM
	Definition

	REM-off Cells
	Definition

	REM-on Cells
	Definition

	REM Sleep
	Definition

	REM Sleep Behavior Disorder (RBD)
	Definition

	Remapping in Hippocampus
	Definition

	REMO
	Definition

	Remote Memory
	Definition

	Remyelination
	Definition

	Renshaw Cell
	Definition

	Repetition Maximum (RM)
	Definition

	Replacement Neuromast
	Definition

	Repolarization
	Definition

	Report
	Representation (Mental)
	Definition
	Description of the Theory
	Representation
	Representational Theory of Mind
	Physical Structures as Mental Representations
	Intentional Realism Versus Eliminativism

	References

	Repressed Memories
	Definition

	Repressor
	Definition

	Reproduction
	Definition

	Reproductive Organs
	Reptilia
	Definition

	Repulsive Guidance Molecule
	Definition

	RER
	Definition

	Res Cogitans
	Definition

	Rescorla-Wagner Model
	Definition

	Resetting
	Definition

	Residual Brain Cells
	Definition

	Residual Hearing
	Definition

	Residual Schizophrenia
	Definition

	Resistance (Electrical)
	Definition

	Resistance Training
	Definition

	Resonance
	Definition

	Respiration – Neural Control
	Synonyms
	Definition
	Introduction
	The Respiratory Apparatus in Mammals
	Performance of the Respiratory Apparatus During Inspiration and Expiration
	Respiratory Muscles Contract in an Ordered Sequence that Optimizes Mechanical Advantage
	Central Nervous Control of the Respiratory Apparatus
	Rhythm Formation in Bulbar Respiratory Neurons
	Rhythmic Properties, Connections and Functions of Respiratory Neurons in the Pons and Medulla
	Network Hypothesis: How Bulbar Respiratory Neurons Express a Three-phase Rhythm that Controls Respiration in the Mature Respir
	Post-Inspiratory Discharges in Phrenic and Intercostal Inspiratory Motoneurons
	Cranial Motoneurons and Control of Flow in the Upper Airways
	Spinal Motoneurons and Contraction of the Pump�Muscles
	The Effects of Hypoxia on the Respiratory Apparatus: A Multiphase Reaction Involving the Carotid Bodies and the CNS Respirator
	Concluding Comments
	References

	Respiratory Bursting Neurons
	Respiratory Central Pattern Generator
	Respiratory Control of Hypoglossal Neurons During Sleep and Wakefulness
	Synonyms
	Definition
	Characteristics
	Hypoglossal Motoneurons Anatomical Location
	Projections of Hypoglossal Motoneurons
	Respiratory Inputs to Hypoglossal Motoneurons
	Impact of Sleep on Hypoglossal Motoneuron Activity
	Plasticity of Hypoglossal Motoneurons

	References

	Respiratory Control of the Tongue and Airway
	Respiratory CPG
	Respiratory Cycle (Phase)
	Definition

	Respiratory Kernel
	Definition

	Respiratory Memory
	Respiratory Network
	Definition

	Respiratory Network Analysis, Functional Imaging
	Synonyms
	Definition
	Characteristics
	Medullary Respiratory Networks
	Voltage-Sensitive Dye Imaging of Spatiotemporal Respiratory Patterns
	Imaging of Respiratory Ca2+ Oscillations and (Sub)Cellular Signaling Factors
	Targeted Recording from Fluorescence-Tagged Respiratory Neurons
	Acknowledgments

	References

	Respiratory Network Analysis, Isolated Respiratory Center Functions
	Synonyms
	Definition
	Characteristics
	Respiratory Network Organization in vitro and in vivo
	Isolation of Respiratory Centers
	Determinants of Isolated Respiratory Center Activities
	A Dual pFRG-preBötC Respiratory Center

	References

	Respiratory Network Responses to Hypoxia
	Definition
	Characteristics
	Respiratory Neuronal Network
	Neuromodulators
	Early HVR
	Late HVR


	References

	Respiratory Neuroplasticity
	Synonyms
	Definition
	Characteristics
	Recovery from Injury

	Memory
	Airway Defensive Reflexes
	Plasticity of the Cough Reflex

	References

	Respiratory Neurotransmitters and Neuromodulators
	Synonyms
	Definition
	Active Phase
	Silent Phase

	Characteristics
	Neurotransmitter Functions in the Respiratory Network
	Inhibitory Amino Acids (GABA and glycine)
	Phasic inhibition during the inactive phase
	Excitatory Amino Acid (Glutamate)

	Neurotransmitters, Neuromodulators and Responsiveness to Hypercapnea and Hypoxia
	Respiratory Neuromodulation by Monoamines and Peptides
	Serotonergic Agents
	Catecholaminergic Inputs

	Peptides and Hormones
	Substance P
	Thyrotropin-Releasing Hormone
	Somatostatin
	Opioid Peptides
	Cholecystokinin
	Progesterone


	References

	Respiratory Pacemaker Neuron
	Definition

	Respiratory Pacemakers
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Higher Level Structures
	Lower Level Components
	Structural Regulation
	Higher Level Processes
	Lower Level Processes
	Function
	Process Regulation
	Pathology
	Therapy

	References

	Respiratory Plasticity
	Respiratory Recovery from Injury
	Respiratory Reflexes
	Synonyms
	Definition
	Characteristics
	Chemoreceptors
	Plasticity in Chemoreceptor Breathing Responses

	Airway Receptors
	Receptors in the Nasal Passages and Pharynx
	Laryngeal Receptors
	Receptors in the Lower Airways

	Second and Higher-Order Neurons in Reflexes From Airway Mechanoreceptors
	Central Pathways of SARs
	Central Pathways of RARs

	Summary

	References

	Respiratory Sinus Arrhythmia
	Responding Conditioning
	Response, Instrumental
	Definition

	Response Acquisition
	Response Extinction
	Definition

	Response Inhibition
	Definition

	Rest-Activity Cycle
	Definition

	Resting Membrane Potential
	Definition

	Resting Tremor
	Definition

	Restless Legs Syndrome
	Definition

	Ret
	Definition

	Retention
	Definition

	Reticular Core
	Reticular Formation
	Synonyms
	Definition
	Characteristics
	Anatomical Organization and Concepts
	Nuclei of the Recticular Formation
	The Veticular Formation and the Ascending Reticular Activity System
	The Concept of the Isodendritic Core
	Connections and Functions of the Reticular Formation of the Brainstem
	Medial Reticular Formation
	Lateral Reticular Formation
	The connections conceptualized

	References

	Reticulospinal Cells (Neurons)
	Definition

	Reticulospinal Long-Lead Burst Neurons
	Definition
	Characteristics
	Higher-Order Processes
	Parts of the RS-LLBN System
	Cats
	Monkey

	Lower level Processes
	Pathology

	References

	Reticulospinal Neurons in Eye Movements
	Definition

	Reticulospinal Tract
	Synonyms
	Definition

	Reticulotectal Long-Lead Burst Neurons
	Synonyms
	Definition
	Characteristics
	Higher Order Structure
	Parts of This Structure
	Functions of the Structure
	Higher Order Function
	Quantitative Measure for This Structure

	References

	Retina
	Definition

	Retinal Bipolar Cells
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Morphology of Bipolar Cells
	Diffuse Bipolar Cells
	Bipolar Cell Types Involved with Colour Vision
	Rod Bipolar Cells

	Description of the Structure
	Synaptic Connectivity in the Outer Plexiform Layer
	Glutamate and GABA Receptors in the Outer Plexiform Layer
	Connectivity of Bipolar Cells in the Inner Plexiform Layer

	Higher Level Structures
	Function

	References

	Retinal Color Vision in Primates
	Synonyms
	Definition
	Color Vision in the Retina

	Characteristics
	Description of the Process
	Encoding Spectral Signals
	Neural Signals Underlying Color Sensations
	Red-Green Pathways in the Retina
	Blue-Yellow Pathways in the Retina

	Higher Level Processes
	Central Targets for Chromatic Signals


	References

	Retinal Direction Selectivity: Role of Starburst Amacrine Cells
	Definition
	Direction-Selectivity in the Retina

	Characteristics
	(Quantitative) Description
	Direction-Selective Ganglion Cells (DSGCs)
	Starburst Amacrine Cells (SACs)

	Description of the Process
	Pre- or Postsynaptic
	Multiple Mechanisms
	Direction-Selective Inhibition
	Direction-Selective Excitation

	Higher Level Processes
	Direction Selectivity from Network Interactions
	SAC Networks

	Lower Level Processes
	Direction Selectivity from Intrinsic SAC Properties
	Other, Yet Unidentified Interneurons in the DS Circuitry

	Involved Structures
	Ultrastructural Basis of Direction Selectivity

	Function
	Development

	References

	Retinal Flow
	Retinal Ganglion Cells
	Definition
	Characteristics
	Description
	Alpha Ganglion Cells/Primate Parasol Cells
	Beta Ganglion Cells/Primate Midget Cells
	Intrinsically Photosensitive, Melanopsin-Containing Ganglion Cells
	Other Ganglion Cell Types
	Dendritic Stratification and Light Response
	Retinal Topography and Population Properties
	Lower Level Processes
	Higher Level Processes
	Function

	References

	Retinal Implant
	Definition

	Retinal Lateral Interactions
	Synonyms
	Definition
	Characteristics
	Higher Level Processes
	Lower Level Components
	Process Regulation
	Function

	References

	Retinal Photoreceptors
	Synonyms
	Definition
	Characteristics
	Quantitative Description
	Photoreceptor Types
	Retinal Topography

	Description of the Structure
	Outer Segment
	Inner Segment
	Ellipsoid
	Oil Droplets
	Paraboloid and Hyperboloid
	Myoid
	Synaptic Terminal

	Higher Level Structures
	Regulation of the Structure
	Function

	References

	Retinal Pigment Epithelium
	Definition

	Retinal Ribbon Synapses
	Definition
	Characteristics
	Description of the Structure
	Quantitative Description of Ribbon Synapses in the Retina
	Higher Level Structures
	Function

	References

	Retinal Slip
	Definition

	Retinitis Pigmentosa
	Definition

	Retino-geniculo-cortical Pathway
	Definition

	Retinohypothalamic Tract
	Synonyms
	Definition
	Characteristics
	Origin and Projections
	Neurotransmitters
	Concluding Remarks

	References

	Retinotopic
	Definition

	Retinotopic Frame of Reference
	Definition

	Retinotopy
	Definition

	Retroambiguus Nucleus
	Synonyms
	Definition

	Retrograde Amnesia
	Definition

	Retrograde Degeneration
	Retrograde Interference
	Definition

	Retrograde Messenger
	Definition
	Characteristics
	Quantitative Description
	Lower Level Components
	Arachidonoylethanolamide
	2-Arachidonylglycerol
	Other Putative Endocannabinoids

	Higher Level Processes
	Interneuronal Communication

	Lower Level Processes
	Synthesis of Endocannabinoids (Anandamide and 2-AG)
	Breakdown of Endocannabinoids (Anandamide and 2-AG)
	CB1 Receptor Signaling at Presynaptic Terminals

	Process Regulation
	Function
	Therapy
	Cannabinoids for Therapies


	References

	Retrograde Neuron Reaction
	Retrograde Tracing
	Definition

	Retrograde Tracing Techniques
	Definition

	Retrograde Transport
	Definition

	Retronasal/Orthonasal Olfaction
	Definition

	Retrospective Monitoring
	Definition

	Retroviral Vectors
	Definition

	Rev-erbalpha
	Definition

	Reverberation
	Definition

	Reverberation Time
	Definition

	Reversal Learning
	Definition

	Reversal Potential
	Definition

	Reverse Real-Time quantitative PCR (RT-qPCR)
	Definition

	Reverse Signaling: Nervous System Development
	Definition
	Characteristics
	Description of Reverse Signaling Mechanism
	Ephrin Reverse Signaling
	Semaphorin Reverse Signaling

	Function of Reverse Signaling in Neural Development
	Ephrin Reverse Signaling in the Vertebrate Neural Development
	Semaphorin Reverse Signaling in Neural Development in Drosophila
	Photoreceptor Axon Guidance in Drosophila
	Dendritic Targeting of Olfactory Projection Neurons in Drosophila


	References

	Reward
	Definition

	Reward Signal in Neural Networks
	Definition

	RFLP
	Definition

	Rheobase
	Definition

	Rheological Models
	Definition
	Description of the Theory
	References

	Rheostasis
	Definition

	Rheumatoid Arthritis (RA)
	Definition

	Rhinencephalon
	Rhizotomy
	Definition

	Rho
	Definition

	Rho Family of Small Guanosine Triphosphatases (Rho GTPases)
	Definition

	Rho GTPases
	Synonyms
	Definition
	Characteristics
	The Cycling of GTP and GDP Regulates Rho GTPase Activity
	Subcellular Localization of Rho GTPases
	Functions of Rho GTPases During Development of the Nervous System
	Neuron Polarization and Axon Specification
	Axon Guidance
	Dendritogenesis and Structural Plasticity of the Dendritic�Arbor
	Axon Regeneration in the CNS

	Implication of Rho GTPase Dysfunction as Being Causative for Mental Retardation
	Concluding Remarks

	References

	Rhodopsins
	Rhombencephalon
	Definition

	Rhombomere
	RHT
	Rhynchocephalia
	Definition

	Rhythm
	Definition

	Rhythmic Jaw Movements
	Rhythmic Movements
	The Behavior
	External Control
	Sensory Information
	Basic Network Features
	Neuromodulation of Rhythmic Movements
	Disorders of Rhythmic Movements
	References

	Ribonuclease (RNase)
	Definition

	Ribosome
	Definition

	Riddoch Phenomenon or Syndrome
	Definition

	Rigidity
	Definition

	Rigor Configuration
	Definition

	RNA Interference
	Definition

	RNA Localization
	RNA Synthesis
	RNA Translation
	Synonyms
	Definition
	Characteristics
	Details of mRNA Translation
	Initiation
	Elongation
	Termination
	Regulation of mRNA Translation
	RNA Transport Particles
	Processing-bodies
	Stress Granules
	Preventing Translation of Mutated mRNAs
	Nonsense Mediated mRNA Decay
	Nonstop mRNA Decay and the Exosome

	References

	RNase H
	Definition

	Rod and Frame, Rod and Disc
	Definition

	Rod Photoreceptor
	Definition

	Rod Spherule
	Definition

	Roll Off
	Definition

	Romberg Sign
	Definition

	Root Neurons
	Definition

	Ror
	Definition

	Rostral Interstitial Nucleus of the MLF (riMLF)
	Definition

	Rostral Ventrolateral Medulla (RVLM)
	Definition

	Rotation Vector
	Definition

	Rough Endoplasmic Reticulum (RER)
	Definition

	Route Navigation (or Taxon Navigation)
	Definition

	Route Navigation Strategy
	Definition

	RTLLBs
	Rubrobulbar Tract
	Synonyms
	Definition

	Rubrospinal Tract
	Synonyms
	Definition

	RVOR (Rotational VOR)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




