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Motor Cranial Nerves

INTRODUCTION

Like the sensory cranial nerves, the motor cranial nerves
fall into three distinct categories: dorsal cranial nerves, ventral
cranial nerves, and parasympathetic components that innervate
organs such as the salivary glands. The head provides a site of
attachment for many muscles, both external and internal. The
dorsal cranial nerves innervate the external muscles of the head,
while the ventral cranial nerves innervate the internal muscles.

Muscles that can be categorized as internal muscles of the
head include those within the orbits and those that form the
tongue. Muscles within the orbits (eye sockets) move the eyes
and are innervated by three ventral cranial nerves, called the
oculomotor nerves. Other internal muscles that form the tongue
are innervated by the fourth ventral cranial nerve, the hypoglos-
sal nerve. One of the most important roles of the tongue in
terrestrial vertebrates is its use in feeding and swallowing, which
we will consider in detail here. Over the course of evolution
among tetrapods, additional uses of the tongue for a variety of
other purposes were also selected for, including being a tasting
organ for the substances that it manipulates (all tetrapods), a
sticky instrument for the capture of prey (frogs, salamanders,
and anteaters), an instrument for grooming the animal itself or
grooming others (many mammals), a device for conducting
pheromones (chemical signals) into the vomeronasal organ
(many reptiles and mammals), and a tool for boring into trees
in search of insect prey (woodpeckers). Another role for the
tongue, one that is very likely derived from its ability to modu-
late the flow of a column of water on its way into the throat,
is its ability to modulate the flow of a column of air on its way
out of the throat. When such an air column is used for vocal
communication as in vocalizing mammals, birds, and reptiles,
the tongue also becomes an important part of this communica-
tion system.
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The external muscles of the head operate the jaws, the
eyelids, the nostrils, the external ears, the scalp, the lips, the
cheeks, and the eyebrows in those animals that possess such
organs. Other external muscles are attached at one end to the
head and at the other end to the body skeleton and move the
head itself in those animals with a moveable head. Finally,
some muscles that are external muscles in most vertebrates are
located within the middle ear in mammals and are involved
in protecting the delicate inner ear mechanisms from intense
sounds. The majority of the external muscles of the head are
controlled by motor neurons whose axons exit from the brain-
stem by way of the trigeminal and dorsal facial nerves. In this
chapter, we will first address the control of feeding and swallow-
ing and the cranial nerves involved in these processes. We will
then discuss another important function of the trigeminal and
dorsal facial nerves, the acoustic reflex. Finally, we will consider
the oculomotor muscles and their innervation.

FEEDING AND SWALLOWING

Animals that evolved in the water and have remained there
throughout their history move food from the mouth into the
throat and digestive tract by means of suction pressure. Animals
that feed in air have to overcome the added difficulties of the
friction of the food with the sides of the mouth, the food’s lack
of buoyancy, and the pull of gravity. In the transition from life
in the water to life on land, the bones of the head, especially
those of the jaws, underwent considerable adaptive modifica-
tion in response to the new selective pressures. Along with
these changes came alterations in the muscles of the head that
open and close the jaws. The early amphibian tetrapods had
to deal with these selective pressures in order to feed in the
terrestrial environment. Those that could manipulate the mus-
cles of the hyoid arch (a bony remnant of the second visceral
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arch, located in the floor of the mouth) to help move food
along in the mouth and throat were able to feed successfully
in air. Eventually, other muscles derived from somites in the
fifth (second metaotic) head segment became well developed
and evolved into a specialized organ: the tongue.

The problems of feeding and swallowing are very different
in water and in air. For example, filter feeding, in which minute
particles are sieved from the water being taken into the mouth,
is only possible in an aquatic environment. Many aquatic feed-
ers have evolved a negative-pressure mechanism that draws
prey into the mouth. A number of terrestrial species have in
fact readapted to aquatic feeding, such as turtles, crocodiles,
penguins, and the various aquatic mammals (whales, porpoises,
seals, otters, etc.), and some have reevolved suction feeding.
In contrast, suction plays little role in the movement of food
into and through the mouth and throat of air-feeding animals,
except for drinking. Air-feeding animals instead depend on the
tongue to move food through the mouth and into the throat
for swallowing. In mammals, many of which chew their food
to break it into smaller particles before swallowing, the tongue
plays an important role in manipulating the food particles to
and from the moving rows of teeth en route to the throat.

The Neural Control of Feeding
and Swallowing

The fleshy tongue, which is present only in tetrapods, is
controlled by a group of neurons located at the caudal end of
the medulla, near its junction with the spinal cord. The axons
of these neurons form one of the ventral cranial nerves, the
hypoglossal nerve (XII), and their cell bodies are collectively
called the hypoglossal nucleus (Fig. 12-1). The muscles of
the tongue are complex, and their action is to change the shape
of the tongue, as well as to raise and lower it and move it
forward. Each muscle is controlled by a different group of
neurons within the hypoglossal nucleus. The backward move-
ment of the tongue is accomplished by muscles that elevate
its hyoid skeleton. These muscles are innervated by axons of
motor VII.

Neurons that form the nucleus of VII,, the motor nucleus
of the dorsal facial nerve, lic in the somatic efferent column
of the brainstem (Fig. 12-1), rostral to the hypoglossal nucleus.
In addition to innervating muscles of the hyoid apparatus, the
efferent axons of motor VII,, innervate the superficial muscles
of the head, including muscles of the cheeks, lips, nares (nos-
trils), and the forehead muscles. In mammals, in which the
muscles of the head and face are very well developed, motor
VII,, controls the movements of the pinna of the ear, which is
the external, sound collecting portion of the ear, as well as
the muscles of facial expression (lips, cheeks, eyebrows, etc.),
which in some species are very important in social communica-
tions such as those of aggression and appeasement. The motor
nucleus of the trigeminal nerve (motor V) lies in the somatic
efferent column rostral to motor V1. The efferents of motor
V exit the brainstem through the mandibular branch of V and
terminate on the muscles of the jaws.

Two important influences over the actions of motor V and
motor VII, are the senses of taste and touch. The gustatory
nucleus and the descending nucleus of V are the central cell
populations that receive the incoming taste and somatic axons,

as discussed in Chapter 11. These cell groups, in tumn, send
some of their axons directly to motor neurons of the somatic
efferent column that control muscles of the head, as well as
to cell populations of the reticular formation. These reticular
formation cell groups, scattered throughout the brainstem, serve
to coordinate various reflexes and voluntary motor behavior.
They also serve to integrate information from various senses.
For example, a fish might detect something edible in the nearby
water; not only would the reticular formation coordinate the
activities of motor V and motor VII,, so that the muscles of the
jaws and face would produce the necessary suction to ingest
the food, but it would also stimulate or inhibit the activities of
the oculomotor nerves in order to move the eyes in the direction
of the food source so that both visual and gustatory information
could be coordinated.

In air-feeding animals, motor V and motor VII, control
muscles of the jaws that press the food objects against the roof
of the mouth and manipulate them in the direction of the throat.
Of crucial importance to these motor responses are inputs from
the mesencephalic nucleus of V, which provides feedback from
the muscles of the jaws (see Fig. 11-3). Ascending sensory
pathways to the telencephalon via the dorsal thalamus and
descending motor pathways from the telencephalon to the retic-
ular formation also play a role in the integration and coordina-
tion of these very precise and complex movements.

In ray-finned fishes, such as catfishes and carps, which
have excellent gustatory systems, motor V receives projections
from the facial lobe (see Chapter 11). Motor V and motor VI,
also receive projections from the descending nucleus of V, the
cerebellum, and the midbrain tectum. These connections may
serve to coordinate opening and closing the mouth in relation
to other sensory systems such as somatosensory, vestibular,
and lateral line. Motor V also receives axons from the reticular
formation and the hypothalamus. In addition, reciprocal con-
nections between motor V and motor VII, serve to further
coordinate their activities. Although motor V and motor VII,
control the ingestion of food into the mouth, swallowing is
under the control of neurons located farther caudally, in a
nucleus called nucleus ambiguus. This nucleus sends its effer-
ent axons via the dorsal glossopharyngeal (IXp), dorsal vagus
(Xp), and accessory (XI) nerves to the muscles of the pharynx
and palate. Nucleus ambiguus receives projections from the
vagal (Xy1) lobe, which, together with the facial (V1L lobe, is
an expansion of the gustatory region of the caudal medulla.
Thus, the facial gustatory system appears to be an ingestive
system whereas the vagal gustatory system appears to be a
swallowing system.

Motor V is well developed in birds, of which pigeons and
ducks have been the most extensively studied. These studies
have described the mechanisms for operation of the jaws during
various motor acts related to feeding, such as opening the
mouth in proportion to the size of the object to be taken in,
pecking, grasping, manipulation of food in the mouth and
throat, and swallowing. Motor V is also well developed in those
mammals that chew their food.

In air-feeding animals, the lack of a water column to lubri-
cate the food has been compensated for by the evolution of
the salivary glands. These glands are present only in amniotes
and are controlled by the parasympathetic nervous system.
Their postganglionic fibers are innervated by axons from the
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FIGURE 12-1. Schematic drawing of the motor nuclei in the brainstem that innervate the muscles of the
head in a mammal. Both the dorsal cranial nerve nuclei discussed here and the ventral cranial nerve nuclei (lll,
IV, IV, and Xll), which are discussed below, are included. Beginning at the rostral end of the brainstem, the
nucleic of the oculomotor (lif), trochlear (IV) and abducens (V1) nerves send axons to the muscles of the eyes.
The motor nucleus of the trigeminal (V) nerve supplies axons to the muscles of the jaws and the tensor tympani
muscle of the middle ear. The dorsal facial (Vllp) motor nucleus controls the muscles of the face, snout, external
ear, and the stapedius muscle in the middle ear. The superior (Vllp) and inferior (IXp) salivatory nuclei send
parasympathetic axons to the salivatory glands. Nucleus ambiguus sends axons to the muscles of the pharnyx
and throat via the dorsal glossopharyngeal (IX;), dorsal vagus (Xp), and accessory (XI) nerves. The hypoglossal
nucleus (XII) nucleus controls the muscles of the tongue.

parasympathetic components of motor VII, and motor IX, (Fig.
12-1). Salivary glands not only provide lubrication of food; they
are also essential for the grooming behaviors in a2 number of
groups of mammals, which involve the jaws and teeth as well
as the tongue. In some snakes, the salivary glands produce
neurotoxins and/or anticoagulants. The neurons of the para-
sympathetic division of motor VII,, form the superior saliva-
tory nucleus; this nucleus controls the submandibular and
sublingual salivary glands in the lower jaw. The parasympa-
thetic division of motor IXy, consists of the neurons in the infe-
rior salivatory nucleus, which innervates the parotid and
infraorbital salivary glands in the upper jaw. The latter gland
is absent in humans.

THE ACOUSTIC REFLEX

Among the more striking changes in the head in response
to the transition from the aquatic to the terrestrial environment

were those that involved the ear. Because air is a less dense
medium for sound conduction than water, greater acoustic
sensitivity was selected for in meeting the challenges of survival
on land. Among the structural adaptations that resulted from
this transition was the development of a chamber between the
inner ear (in which the acoustic receptors are located) and the
outer ear (which traps the sound waves from the surrounding
environment). This chamber, the middle ear, is separated from
the external ear by a membrane, the tympanum or ear drum.
Initially, the middle ear contained a single bone, the columella,
which was derived from the dorsal portion of the second gill
arch. The columella connected the tympanum to the inner ear
and served to conduct sound to the entrance of the inner ear.

In the ancestral stock of mammals, two jaw bones, the
quadrate and the articular, and the muscles that were attached
to them, migrated towards the ear canal under the influence
of selective pressures related to feeding. Once they were close
to the ear canal, however, they invariably became involved in
the conduction of sound as are many of the bony structures
in that region. At this point, their sound-conducting function
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became more important to the animal’s survival than did their
feeding function, and selection favored the bones being more
intimately involved in the hearing process. Eventually, they
became incorporated into the middle ear and took their associ-
ated nerves and muscles along with them. Extant mammals thus
possess three bones in their middle ears, which are collectively
known as the ossicles. In the mammalian middle ear, the bone
derived from the columella is called the stapes, and the bones
derived from the quadrate and articular are called the maleus
and the incus.

Two muscles are attached to the ossicles: the stapedius
and the tensor tympani. These muscles, together with the
ossicles themselves, help to dampen intense sounds and
thereby prevent damage to the acoustic receptors in the inner
ear. This protective action is known as the acoustic reflex.
Motor V innervates the tensor tympani, and motor VII, inner-
vates the stapedius. If you want to recall which nerve innervates
which muscle, remember that “tensor tympani” and “trigemi-
nal” all begin with the letter “t,” while “stapedius” and “seventh”
begin with the letter “s.”

In mammals, sound waves from the external world pass
down the ear canal and vibrate the tympanum (ear drum) at
the entrance to the middle ear. The vibrations are transmitted
via the ossicles in the middle ear to the oval window, which
is the entrance to the cochlea. The cochlea, a bony structure
shaped like a snail shell, from which its name is derived, con-
tains the receptors for hearing (Chapter 2). The receptors acti-
vate axons of the cochlear ramus of the eighth nerve which
terminate in the medulla in the dorsal and ventral cochlear
nuclei. As discussed in Chapter 11, axons from these cochlear
nuclei pass to a nearby cell group called the superior olivary
nucleus. This is an important coordinating nucleus for auditory
reflexes. The superior olivary nucleus sends its axons to motor V
and motor VII,, which control the tensor tympani and stapedius
muscles in the middle ear. The tensor tympani increases tension
on the tympanum, which decreases the intensity of sound enter-
ing the middle ear; the stapedius pulls the stapes away from the
oval window, thereby reducing the intensity of the vibrations
entering the cochlea.

MOTOR CONTROL OF EYE MUSCLES

For the overwhelming majority of vertebrates, the eyes are
an important source of information about distant objects. For
many animals, such as birds, the eyes are the most important
source of information about the surrounding environment. The
eyes receive assistance in their information-gathering task from
the eye muscles. These muscles are of two types: extraocular
muscles, located on the outside of the eye and innervated by
three ventral cranial nerves, and intraocular muscles, located
within the globe of the eye and innervated by parasympathetic
fibers (see Fig. 12-2).

The Extraocular Muscles
in Jawed Vertebrates

Many animals have panoramic or near-panoramic vision,
which means that they can see in all directions (or nearly so)
without moving their eyes. These animals have their eyes situ-

ated on the side of the head, as many birds have, or near the
top of the head, as do amphibians, diapsid reptiles, and turtles.
Such animals still need to move their eyes in order to place
objects into the zone of most acute vision on the retina. The
extraocular muscles serve to move the eyes so that the center
of gaze can be shifted from one position in space to another.
The extraocular muscles also produce micromovements of the
eyes so that images that fall on the retina do not remain con-
stantly on the same receptors. Without these micromovements
of the eye, the receptors would soon fatigue and the image
would fade away. The major extraocular muscles comprise four
recti muscles—the inferior rectus, superior rectus, medial
rectus, and posterior (or lateral) rectus—and two oblique
muscles—the inferior oblique and superior oblique.

In addition to the muscles that move the eyes, another
extraocular muscle controls the eyelid. In those animals that
have movable eyelids (amphibians and amniotes), the upper
lid is raised by the levator palpebrae muscle or the lower
lid is dropped by the depressor palpebrae muscle. Another
function of the extraocular eye muscles is to control the nictitat-
ing membrane or so-called “third eyelid.” The nictitating
membrane is an internal eyelid that provides an additional layer
of protection to the cornea of the eye as well as aiding in the
distribution of the tear film. It is present in diapsid reptiles,
birds, turtles, and some amphibians and mammals. Among
mammals, the membrane is present in carnivores, rabbits, and
hares, but not in primates. Some bottom-feeding ray-finned
fishes and sharks have a similar protective membrane.

The action of this internal eyelid is quite different from
that of the external eyelids. The latter are actively operated by
muscles that open and close the lids. The nictitating membrane,
however, is passively operated. The membrane slides in front
of the cornea when the eyeball is retracted farther into the
eyesocket by a special extraocular muscle, the retractor bulbi.
In some reptiles, the retractor bulbi is assisted by one of two
additional muscles: the quadratus (lizards) or the pyramidalis
(crocodiles and turtles). In birds, the globe of the eye fits so
tightly into the eyesocket that little room is left for retraction.
Therefore, the retractor bulbi is not present and in its place are
both the quadratus and the pyramidalis muscles. These muscles
act to slide the nictitating membrane over the cornea without
retraction of the eye.

The various extraocular muscles are innervated by the
oculomotor nerve (III), the trochlear nerve (IV), or the
abducens nerve (VI), which are exclusively motor in function.
Axons of the oculomotor nerve also innervate the levator palpe-
brae muscle. The sensory innervation of the extraocular muscles
is via the ophthalmic division of the trigeminal nerve (V). Table
12-1 lists the extraocular muscles that are most commonly found
in jawed vertebrates and their cranial nerve motor innervation.
The presence of four recti and two oblique muscles is plesio-
morphic for at least jawed vertebrates.

Movement of the eyes is not the only use of the extraocular
muscles. In an electric fish known as Astroscopus(the stargazer),
these muscles have been independently modified to form elec-
tric organs, similar to the somatic electric organs of the electric
eel and other electric fishes. The stargazer lies buried in the
sand of the sea floor with only its eyes exposed. When prey
approach closely, they are stunned by discharges from the
electric organs. In spite of this dramatic change in function of
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FIGURE 12-2. Schematic drawing illustrating the nuclei and nerves in the brainstem that control the muscles

of the eye.

the extraocular muscles, their innervation remains the oculomo-
tor nerve.

The Extraocular Muscles
in Jawless Vertebrates

Hagfishes lack extraocular muscles altogether. Lampreys
have extraocular muscles, but differences occur in the number
and innervation pattern of the muscles as compared with the
situation in jawed vertebrates. Whether the plesiomorphic con-
dition for vertebrates corresponds to that in lampreys or to that
in jawed vertebrates cannot be determined, since hagfishes,
lacking these muscles, cannot be used for an out-group com-
parison.

In lampreys, two oblique extraocular muscles are present,
a rostral oblique innervated by III and a caudal oblique
innervated by IV, which appear to be homologous to the inferior
and superior oblique muscles of jawed vertebrates, respectively.
Three, rather than four recti are present in the main group of
extraocular muscles. The dorsal and rostral recti of lampreys
are innervated by III and appear to be homologous to the
superior and inferior recti of jawed vertebrates, respectively.
The ventral rectus of lampreys is innervated by VI and corres-
ponds to the posterior rectus of jawed vertebrates. A medial
(or nasal) rectus is absent in lampreys. Lampreys, like jawed
vertebrates, have a muscle that retracts the globe of the eye
and is innervated by an accessory abducens nucleus; in lam-
preys this muscle is called the caudal rectus.

The Intraocular Muscles

The intraocular eye muscles do not move the eye; rather,
they control the action of structures within the eye. The iris is
one such structure; it is opened and closed in response to the
level of illumination of the retina by a pair of muscles: the
dilator pupillae, which increases the diameter of the pupil,
and the sphincter pupillae, which decreases the diameter.
Another intraocular muscle, the ciliary muscle, controls the
curvature of the lens to permit accommodation, which is the
ability of the eye to focus on close objects.

The intraocular muscles, except the dilator pupillae, are
innervated by parasympathetic fibers. Neuron cell bodies of
the parasympathetic component of the oculomotor nerve lie
within the Edinger-Westphal nucleus (Fig. 12-2) within the
oculomotor complex. Their axons course to the ciliary gan-
glion via the oculomotor nerve. Postganglionic parasympa-
thetic fibers from the ciliary ganglion innervate the intra-
ocular muscles.

Central Control of the Eye Muscles

The characteristic appearance and consistent position of
the nuclei of the cranial nerves that control the eye muscles
makes them easy to identify in all vertebrates (Fig. 12-2). These
nuclei are located just below the floor of the third ventricle.
The oculomotor nucleus (III) and the trochlear nucleus (IV)
usually are located rather close to one another. The abducens
nucleus (V) is separated from Ill and IV in the caudal direction.
In animals with a retractor bulbi, an accessory abducens nucleus
is present, which controls this muscle.
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TABLE 12-1. Innervation of Extraocular Muscles in
Jawed Vertebrates

Muscle Nerve Function

Inferior oblique I Rotates eye upward
and outward

Superior oblique v Rotates eye
downward and
outward

Inferior rectus HI Rotates eye
downward and
inward

Superior rectus m Rotates eye upward
and inward

Medial rectus I Rotates eye
medially

Posterior (lateral) VI Rotates eye laterally

rectus

Levator palpebrae I Raises upper eyelid

superioris

Depressor palpebrae v Lowers lower eyelid

inferioris?

Retractor bulbi® \Y | Retracts globe of
the eye; advances
nictitating
membrane

Pyramidalis® 111 Advances nictitating
membrane

Quadratus? I Advances nictitating
membrane

* Amphibians, reptiles, and some mammals.

b Birds, crocodilians, or turtles, and most mammals.
¢ Birds and lizards.

¢ Amphibians, birds, and reptiles.

In lampreys, the trochlear and abducens nuclei lie in a
position that conflicts with the generally accepted interpretation
of the somatic motor column. Trochlear motor neurons have
a ventrorostral position early in development but then migrate
to a dorsal position in the cerebellar plate, a position that is
topologically a rostral continuum of the trigeminal motor nu-
cleus and implies that these neurons are branchial rather than
somatic. Abducens motor neurons also migrate, and their axons
exit the brainstem with the trigeminal root.

The Oculomotor Complex

The oculomotor nucleus (III) is often considered along
with several related nuclei as part of an oculomotor complex.
In fishes such as the stargazer, in which the extraocular muscles
have become specialized as electric organs, the oculomotor
nucleus consists of an oculomotor division and an electro-
motor division. The oculomotor axons terminate in the extra-
ocular muscles and control eye movements, and the electromo-
tor axons terminate in the electric organs. Also included in this
complex are the nucleus of Darkschewitch, the interstitial

nucleus of Cajal, and the nucleus of the posterior commis-
sure. These nuclei are involved in the reflex control of those
extraocular muscles that are controlled by the oculomotor
nerve.

Coordination of Eye Muscle Action

As seen in Table 12-1, the effects of contraction of each
of the individual eye muscles on eye movement is rather differ-
ent. In order to produce the precise movements needed for the
inspection and tracking of visual stimuli and to prevent fading
of the retinal image, a very precise coordination of the activities
of each of the eye muscle nuclei is required. This coordination
is carried out by a system of neuronal groups: the reticular
formation. Among the functions of the reticular formation is
the coordination of the action of motor nuclei that innervate
antagonistic muscles. The nuclei of Darkschewitch and Cajal
are reticular formation nuclei that are specialized for coordi-
nating the activities of the oculomotor nucleus with other
nuclei of the brainstem, in particular, those of the vestibular
system.

Coordination of the actions of eye muscles is also carried
out by the reticular formation. An important pathway of the
reticular formation is the medial longitudinal fasciculus,
which consists of heavily myelinated axons and is a con-
spicuous feature of the dorsal brainstem. The reticular forma-
tion and the nuclei of 111, IV, and VI are interconnected via this
pathway.

EVOLUTIONARY PERSPECTIVE ON
THE HINDBRAIN AND MIDBRAIN
CRANIAL NERVES

The evolutionary development and organization of the
cranial nerves of the hindbrain and midbrain have paralleled
the evolutionary development of the head. The change from
gill arches to jaws and hyoid arch as well as the later evolution
of the muscular tongue in tetrapods were major adaptations.
Other adaptations, such as the development of mechanisms for
the lubrication and transport of food in the mouth and the
ability to manipulate the air column in the mouth, throat, and
body cavities for communication between individuals, also per-
mitted greater and more efficient survival and success of future
generations. Sill other adaptations involved the development
and elaboration of the muscles of the eyes and the incorporation
of jaw bones and muscles into the inner ear as devices to
affect the conduction of sounds to the inner ear. All of these
adaptations are reflected in the sensory and motor neuronal
populations of the hindbrain and midbrain. Because nearly all
of these structures operate in close coordination with one or
more of the others, the midbrain—hindbrain region is a major
zone for pathways involved in a large number of reflexes of
the head and neck. In Chapter 13 on the reticular formation,
which is another major component of the midbrain—hindbrain
region, we shall see how these reflexes are coordinated and
integrated with each other.
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The Reticular Formation

INTRODUCTION

Have you ever noticed that a person can speak at the
same time as chewing a mouthful of food? Let us overlook the
appallingly bad manners of such an act and consider instead
how rarely such a person mistakenly bites his/her own tongue
while happily chewing through the various other items that are
in the mouth at the same moment. Consider what the tongue
is doing during this process: not only is it manipulating the
food to position it under the teeth for chewing and then trans-
porting the chewed food back to the throat so that it can be
swallowed, but it also is alternating these complex movements
with the even more complex movements required for articulate
speech (admittedly made less articulate by the presence of the
food). What sort of neural system has taken notice of the loca-
tion of the tongue, the position of the jaws, the states of contrac-
tion and relaxation of the flexor and extensor muscles that
operate the jaws, and the muscles that control swallowing and
respiration and other complex processes to permit these actions
to occur as smoothly as they do? The answer is the reticular
formation, a neural system that has input from sensory and
motor pathways that control pattern generators for rhythmic
motor patterns, such as swimming, walking, flying, the repeti-
tive discharge of the electric organs in electric fishes, and chew-
ing. In addition to providing these coordinating and organizing
functions, the reticulobulbar and reticulospinal pathways are
the principal routes of telencephalic control of voluntary move-
ment of organs of the head and body in nearly all vertebrates,
except mammals, where they work in close conjunction with
the direct corticobulbar and corticospinal tracts. Regulation of
muscle tone (the degree of tension present in a muscle) also
is a function of the reticular formation. These motor activities
are regarded as the functions of the “descending” reticular for-
mation.
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The “ascending” reticular formation consists of those retic-
ular pathways that ascend to the diencephalon and telencepha-
lon. The functions of the ascending pathways are quite different
from those of the descending reticular formation. The ascending
functions of the reticular formation include processes such as
sleep, dreaming, and arousal, as well as attention, which is the
ability to filter out extraneous stimuli so that the animal or
person can concentrate on the relevant stimulus. Of particular
importance in the functioning of the reticular formation are the
ascending serotoninergic pathways and the noradrenergic
pathways.

Much of the research on the ascending reticular formation
has been done in mammals, partly for reasons of tradition,
partly for convenience, and partly because the human scientists
can more readily identify (and identify with) states of arousal,
wakefulness, attention, and so on, in mammals than they can
in diapsid reptiles, turtles, or fishes. Very good evidence does
exist, however, for the presence of similar functions in nonmam-
malian amniotes and very likely in anamniotes as well.

In spite of its importance, the reticular formation is one of
the more misunderstood and intimidating systems of the brain.
To begin with it has a formidable nomenclature that is rivaled
only by the diencephalon in the variety and complexity of the
names of its components. To make matters worse, different
anatomists have used different systems of nomenclature that
make the correspondences between vertebrate classes or even
between related species difficult for beginners to follow. Finally,
the reticular formation is scattered throughout the central ner-
vous system from the spinal cord to the forebrain, which tends
to obscure its overall organization.

Much of the difficulty in understanding the reticular forma-
tion comes from attempting to deal with the individual compo-
nents of the mammalian reticular formation before having a
clear appreciation of either the evolution of the reticular forma-
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tion or of the overall structure and organization of the system
as a whole. Once the general organization is understood in
the context of a uniform nomenclature and in the light of the
evolutionary development of the system, the individual compo-
nents become manageable details that can be dealt with as
needed. In this chapter we will present the reticular formation in
an evolutionary context and will show how its many component
parts fit into a general pattern of organization, and we will
attempt to make the nomenclature less intimidating and more
consistent. We also will describe the relationship between the
reticular formation and sensory, motor, and neurochemical sys-
tems. Finally, we will introduce you to some of the important
functions of the reticular formation in the behavior of verte-
brates.

THE ORGANIZATION OF THE
RETICULAR FORMATION

The brainstem of vertebrates contains sensory nuclei of
the cranial nerves (and their incoming sensory-root axons), the
motor nuclei of the cranial nerves (and their outgoing motor-
root axons), long ascending axons from the spinal cord, and
long descending axons from the diencephalon and telencepha-
lon. Interspersed among these are many clusters of neurons
that are neither sensory nor motor. These clusters of neurons,
which seem to fill in the spaces between the sensory and motor
components of the brainstem, make up part of a coordinating
system known as the reticular formation. The name is derived
from the Latin word reticulum, which means a net or mesh.
Like the other great coordinating system, the limbic system,
the reticular formation has strong connections with sensory
systems, somatic motor systems, and visceral motor systems.
We have already encountered the reticular formation in our
discussions of ascending and descending pathways in the spinal
cord; we have seen that reticulospinal pathways are a major
route through which the brain controls movements of the body
in all vertebrates and are the exclusive route for the brain to
control motor neurons in many of them, especially nonmam-
mals. But the functions of the reticular formation are far more
pervasive than that and include roles in:

+ The coordination of movements of the head and body by
facilitation and inhibition of both voluntary and reflex
movements.

+ Alteration of respiration and blood pressure.

+ Serving as a “gate” to block out sensory inputs, includ-
ing pain.

+ Psychological processes such as arousal and attention.

+ Sleep and dreaming,

Neurons of the Reticular Formation

Neurons of the reticular formation fall into three categories
based on the size of the soma: small, large, and giant. At first
glance they seem to be scattered throughout the tangle of den-
drites and axons that make up the core of the medulla, pons,

and midbrain apart from the compact sensory and motor nuclei
of the cranial nerves and several other well-demarcated nuclear
groups. A more careful examination will reveal, however, that
the cell groups of the reticular formation indeed have an organi-
zation even though they are not arranged in neat packages
with clear boundaries such as the cranial nerve nuclei. The
overall organizational arrangement of the reticular formation is
that of columns of cells arranged longitudinally along the length
of the medulla and pons. In general, the small cells comprise
the lateral columns (parvocellular columns; ‘“parvo-
" = smalD), and the large and giant cells form more medial
columns (magnocellular and gigantocellular columns;
“magno-" = big and “giganto-" = giant). The gigantocellular
cell columns also contain neurons of smaller size. The most
medial column is the raphe column, which will be discussed
later in this chapter. Within these columns are subdivisions that
can be distinguished according to cell size and type as well as
their connections with other parts of the nervous system. Figure
13-1 is a schematic representation of the columnar organization
of the reticular formation within the caudal brainstem (medulla
and pons); several subdivisions are shown within each column.
Although this simplified organizational scheme is generally sat-
isfactory, you should be aware that some exceptions can be
found.

The small-celled, lateral column tends to be the afferent
zone of the reticular formation; these neurons receive axons
from sensory systems of the brainstem and spinal cord as well
as from motor pathways. The more medial columns typically
are the efferent divisions of the reticular formation; many of
their axons descend to the motor neurons of the spinal cord and
brainstem and ascend to higher levels of the nervous system.

Reticular formation neurons differ from neurons of cranial
nerve sensory or motor nuclei in their cellular morphology. As
shown in Figure 13-2, the dendrites of sensory or motor neurons
of the cranial nerve nuclei tend to spread out like the branches of
an oak or chestnut tree. The spread of these dendritic branches,
however, remains within the sharply demarcated boundary of
the nuclear group. In contrast, the dendrites of reticular neurons
often are long and relatively straight. These dendrites tend to be
of the isodendritic variety (see Chapter 2) and have a relatively
consistent dorsal-ventral orientation within the brainstem. This
dendritic pattern permits reticular neurons to be in contact with
axons traversing the brainstem whether they rise dorsally from
the ventral levels of the brainstem or descend ventrally from
more dorsal portions.

The high frequency of isodendritic neurons in the reticular
“core” of the mammalian brainstem led Ramon-Moliner and
Nauta in the 1960s to speculate that the isodendritic pattern
represented a primitive evolutionary condition from which
more complex dendritic patterns evolved. Subsequent research
on the reticular formation of lampreys, however, has revealed
that while some divisions of the lamprey reticular formation
possess the pattern of radially organized isodendrites, other
divisions have a more dense dendritic organization than the
mammalian pattern. These and other differences between lam-
prey reticular neurons and those of mammals suggest that the
evolution of dendritic types may be a more complex story than
a simple progression from an isodendritic organization to more
complex and varied dendritic forms.



