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The Cerebellum

INTRODUCTION

An inspection of the gross anatomy of an avian or mamma-
lian brain reveals two major masses of tissue on its dorsal aspect:
a large mass, the cerebrum (the great brain) and a smaller,
highly folded mass, the cerebellum (the little brajn). A cerebel-
lum with few folds or no folds at all and often of lesser relative
size can be found in all vertebrates. In some fishes, the cerebel-
lum assumes enormous proportions and, relative to the rest of
the brain, dwarfs even the large cerebella of mammals and
birds. What is this “little brain,” and what are its functions in
various vertebrate groups? How has evolution shaped its form
and connections with other brain regions? We will try to answer
these questions in this chapter.

In the nineteenth and early twentieth centuries, the cere-
bellum was the subject of a number of functional studies that
observed that surgical removal of all or part of the cerebellum
resulted in disorders of movement. With the advent of progres-
sively more sophisticated techniques for recording electrical
and chemical changes in individual neurons in the middle of
the twentieth century, the cerebellum became the target of
intense research that unraveled the excitatory and inhibitory
relationships among its neuronal constituents. Because of its
consistent pattern of internal organization, its relatively few
cellular components, and only two routes in and one route out,
the cerebellum (in particular, the mammalian cerebellum) soon
became the subject of attempts at mathematical and computer
modeling of the actions of this precise neuronal network. But
in spite of its deceptive appearance of simplicity, our under-
standing of the functions of the cerebellum is far from complete
and almost certainly is strongly biased by the heavy focus of
attention on mammals as experimental subjects.

Among nonmammals, the cerebellum plays an important
role in the analysis of information from the lateral line system

180

in nontetrapods as well as some amphibians. In addition, in
certain groups of fishes, the cerebellum is intimately involved
in the detection of electrical fields. Finally, in all vertebrates,
the cerebellum has a close relationship with the vestibular,
somatosensory, visual, and auditory systems. The reader is
urged to review Chapter 11, which covers the lateral line, elec-
trosensory, and vestibular systems, before delving further into
this chapter. A review of the ascending and descending path-
ways in the spinal cord (Chapter 8) would be useful as well.

OVERVIEW OF THE CEREBELLUM

The main divisions of the cerebellum that are common
to most vertebrates are the corpus cerebelli (body of the
cerebellum) and a cerebellar auricle (little ear). These are
formed of an outer layer, the cerebellar cortex, and sometimes
a distinct layer of white matter below. The cerebellar cortex
consists of a molecular layer that contains relatively few cells,
a granule-cell layer that consists of small, tightly packed cells,
and a layer of Purkinje cells, which typically have their large,
pear-shaped somata located in a layer that is only one cell thick
and situated between the molecular and granule-cell layers.

In the typical vertebrate pattern, the input to the cerebellum
comes from the primary or secondary nuclei of cranial nerves
and from a specialized precerebellar nucleus, the inferior ol-
ive. Some cranial nerves, such as the vestibular and lateral-
line nerves, terminate directly in the cerebellum. A variety of
intrinsic, inhibitory cells modulate the cerebellar input and give
it its unique network properties which will be described below.
The output of the cerebellar cortex is mainly to one or more
specialized deep cerebellar nuclei that often are located in
the white matter below the cerebellum. The main targets
of the cerebellar nucleus or nuclei are the reticular formation
and the nucleus ruber (red nucleus), which are sources of
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important descending spinal pathways. Other consistent out-
puts of the cerebellum are to the vestibular nuclei, to motor
nuclei of the brainstem, especially those that control the move-
ments of the eyes, and to the region of the thalamus that is
involved with the motor system.

Descriptions of the cerebella of mammals sometimes
include terms such as paleocerebellum, archicerebellum,
and neocerebellum to refer to the relative ages or stages
of evolutionary development of the major components of
these structures. These terms, however, do not reflect current
knowledge of the comparative anatomy and evolution of the
cerebellum and its relationship with other major brain systems,
such as the cerebral cortex and the corticospinal pathways.
In particular, the term “neocerebellum” was applied to large
lateral extensions of the cerebellum in mammals. A number
of investigators of the comparative anatomy of the cerebellum
now regard the avian and mammalian cerebella as having a
very similar organization; therefore, if the term “neocerebel-
lum” has any utility at all, it should be applied both to birds
and mammals.

Other descriptive terms found in the cerebellum literature
are spinocerebellum, visuocerebellum, vestibulocerebel-
lum, and so on. These terms were introduced to draw
attention to the fact that input to the cerebellum from a
particular source, such as the spinal cord, tends not to be
to the entire cerebellum, but rather to specific regions. While
these terms generally are useful, they give the impression
that the inputs to the cerebellum are highly segregated
according to their sources. This is not entirely correct and
the reader should understand that even though such terms
are used for the convenience of discussion, considerable
overlap exists between these specialized regions.

A notable exception to this general plan are the ray-
finned fishes, which have evolved certain other structures
that are unique to this group of vertebrates; these include
(1) a caudal lobe located just caudal to the corpus cerebelli;
(2) a valvula cerebelli (little folding doors of the cerebellum);
(3) several accessory “cerebelloid” structures, such as the
crista cerebellaris (cerebellar crest), and the torus longitu-
dinalis, which lies at the medial edge of the optic tectum
in the midbrain; (4) an additional precerebellar nucleus, the
nucleus lateralis valvulae; and (5) efferent axons of the
cerebellar cortex that do not terminate in specialized deep
cerebellar nuclei, but rather pass directly to the typical targets
of the cerebellar nuclei. Other differences between the cere-
bella of ray-finned fishes and other vertebrates will be de-
scribed below.

THE VARIOUS FORMS
OF THE CEREBELLUM

The overall form of the cerebellum, its microscopic struc-
ture, and connections to other parts of the central nervous
system vary considerably both within and between vertebrate
classes. The overall form of the cerebellum can vary from a
simple ridge or plate in agnathans, some fishes, and amphibi-
ans, to the large, highly folded structure that is typical of mam-
mals and birds. The size of the cerebellum in relation to other

brain structures varies greatly in the major radiations of verte-
brates.

Corpus Cerebelli

Figure 14-1 shows a classification of the more common
types of configuration of the corpus cerebelli. Each drawing
represents a section through the corpus cerebelli in a parasagit-
tal plane (except the hyperfolded, which is in a horizontal
plane). At the upper left is an example of one of the simpler
types of cerebellar shapes, a flat plate, which is typical of am-
phibians and turtles. Below that are two variations in which
the flat plate has been extended, which increases the area of
cerebellar cortex. The plates also have been curved so that the
lengthened-cerebellar plate will fit within the confines of the
skull. These are characteristic of alligators and lizards. In the
case of lizards, however, the curvature has been in the rostral
direction, which results in the granule-cell layer appearing on
the dorsal surface rather than the molecular layer. We have
termed this a reverse curvature.

In the column of cerebellum types on the right of Figure 14-
1 are other major types of variations on the flat plate cerebellum;
these are various types of folding. A common form is the folded
cerebellum that is characteristic of many ray-finned and fleshy-
finned fishes. It consists of a single large fold, or folium
(plural = folia) known as the corpus cerebelli (body of the
cerebellum) and a rostral extension that consists of several
smaller folds, the valvula. A double-folded structure often is
found in cartilaginous fishes. Much more elaborate folding of
the cerebellum as a consequence of a massive expansion in
the total surface area of the cortex can be seen in sting rays,
birds, and mammals. The drawing in Figure 14-1 labeled “multi-
folded” shows the folding pattern of only two lobes of this type
of multilobed, cerebellum in which each lobe contains several
folds. Birds have 10 lobules or major folia in their cerebella.
Mammals also have 10 lobules in the central region known as
the vermis (worm) and many more folds in the lateral portions
of the cerebellum.

Electroreception and the Cerebellum

The most elaborate form of the cerebellum is shown in
Figure 14-1 as the “hyperfolded” type, which is found in the
valvula cerebelli of mormyrid fishes. The cerebellum plays
a major role in electroreception, and in these fishes it has
evolved into a massive organ. The valvula, in particular, has
developed into an enormous sheet of hyperfolded tissue.
The mormyrid brain has carried the “packaging” technique
of folding to an extreme by organizing the valvula into a
long continuous ribbon that is folded over and over again
along its length, like a wavy ribbon of toothpaste. These
folds, shown in Figures 14-2 and 14-3, form thin, tight
hyperfolds that provide a superb packaging arrangement for
this vast sheet of cerebellar cortex. If the valvula of a mormyrid
were to be unfolded and stretched out, it would be more
than 10 times the length of the fish’s body. Indeed, the
weight of the entire cerebellum can account for nearly 80%
of the total weight of the brain in these animals.
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FIGURE 14-1. A classification of the form of the corpus cerebelli. Each drawing represents a parasagittal
section through the corpus cerebelli except the hyperfolded type, which is a horizontal section. In each example,
the rostral end is to the left and the caudal end is to the right. The shaded areas represent the granule-cell
layers, the unshaded ares represent the molecular layers, and the dotted layers represent the Purkinje-cell layers.

A comparison of the cerebella of a mormyrid fish and a
nonelectric, freshwater teleost fish, the goldfish, is shown in
Figure 14-2. The goldfish cerebellum is of a size and shape that
is typical of nonelectric ray-finned fishes, both teleost and
nonteleost. Only the corpus cerebelli is visible in the intact
brain; the valvula is tucked away within the convenient space
provided by the large ventricle located in the depths of the
lobe of the optic tectum.

In contrast, in the mormyrid brain shown in Figure 14-2, the
cerebellum is hypertrophied (overgrown) and has expanded
beyond the confines of the tectal ventricle; thus it covers the
dorsal surfaces of the cerebrum and the tectum and overhangs
the brain on the sides. Moreover, the valvula is so enormous
that it protrudes caudally between the two massive lobes of
the cerebellar hemispheres. Figure 14-3 shows a dorsal view
of the brain of a mormyrid fish in which all of the brain except
the medulla has disappeared beneath the massive cerebellum.

An important point worth noting here is that the valvula
of weakly electric fishes is highly specialized for electrore-

ception and is a very different organ from the valvula of non-
electric fishes. The electroreception system has evolved a
complex series of nuclei that have direct and indirect relations
with the valvula; these are entirely lacking in nonelectric
fishes.

Electroreception is not confined to fishes that generate
electric fields around themselves. Agnathans, cartilaginous
fishes, some species of ray-finned fishes, amphibians (except
frogs and toads), and the monotreme mammals possess the
specialized receptors necessary to detect the very weak electric
fields that normally surround an animal or that might be pro-
duced by the action potentials in the muscles of prey as they
move. In the electroreceptive nonmammals, a specialized re-
gion of the octavolateralis area known as the electrosensory
lateral line lobe, which is closely related to the cerebellum,
receives the electrosensory input. In the monotremes, the elec-
troreceptors are a specialized division of the trigeminal nerve,
the main sensory nucleus of which sends a projection to the cer-
ebellum.
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FIGURE 14-2. A comparison of the cerebella of an electroreceptive mormyrid fish (top) and a nonelectrore-
ceptive goldfish (bottom).

The Cerebellar Auricle aspect of the cerebellum. This is the cerebellar auricle. The
auricle often has a multifolded conformation, and in some ani-
mals, especially sharks and rays, it is subdivided into two lobes
called the upper leaf and the lower leaf. The auricle is the re-
gion of the cerebellum that receives input from the vestibular
system. The output from the auricular region is especially influ-
ential on those motor neurons that control the muscles that move
the eyes. In tetrapods the auricle is known as the flocculus.

In addition to the corpus and the valvula, the cerebellum
contains a smaller, caudal structure, usually on the ventrolateral

corpus cerebelli

Phyletic Development of the Form
of the Cerebellum

Figure 14-4 summarizes the main differences between the
major vertebrate groups in the overall form of the cerebellum.
Electrosensory ray-finned fishes, which do not fitthe general ver-
tebrate pattern, have been omitted from the diagram. The agna-
than cerebellum, as represented by a lamprey, is shown at the
left. In this class, the cerebellum is rudimentary, and its corre-
spondence to the corpus cerebelli of jawed vertebrates is un-
resolved. Below is the cerebellum of a non-electrosensory
ray-finned fish; note the corpus cerebelli and the auricle. In mam-
mals, a foliated corpus cerebelli also is present as the midline
vermis. In addition, the mammalian cerebellum shows a large,
highly foliated, lateral expansion known as the neocerebellum.
Similar patterns may be seen in the cerebella of cartilaginous
fishes, amphibians, diapsid reptiles, and turtles. In birds, the cor-
FIGURE 14-3. Adorsalview ofa mormyrid brain. The massive cerebellar pus cerebelli becomes foliated into 10 folia. Whether this lateral
hemispheres completely overhang the cerebrum and optic tecta. expansion in mammals is in fact “new” or is merely a variation

valvula )
cerebelli
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FIGURE [4-4. Schematic representations of the major components of
the cerebellum in various groups of vertebrates.

on the same foliated plan as seen in birds is a matter now being
debated. Evidence does exist, however, to suggest that rather
than being a new addition to the cerebellum, the neocerebellum
is, in fact, merely a lateral expansion of the corpus cerebelli.

THE CEREBELLA OF TETRAPODS

In general, the cerebella of tetrapods are more consistent
in their cellular organization and relationships to other cell
populations in the brain and spinal cord than those of non-
tetrapods, so we will describe those first. In tetrapods, the
cerebellum comprises two principal zones: a three-layered cor-
tex and an underlying white matter (Figure 14-5). The white
matter consists of the incoming axons to the cortex and the
outgoing axons from the cortex. The three layers of the cortex
are a thick, superficial molecular layer, a thin, intermediate
layer that typically is a sheet of large neurons only one cell
thick, and a thick internal layer of very densely packed granule
cells. The molecular layer consists mainly of dendrites, unmy-
elinated axons, and scattered cells of two distinctive types: the
stellate cells and the basket cells. The intermediate layer of
the cortex consists of a one-cell-thick sheet of neurons with
large, pear-shaped somata and elaborate dendrites that extend
into the molecular layer. These cells are the Purkinje cells,
and were first described in the nineteenth century by the
Czechoslovakian anatomist and physiologist Johannes Purkinje

moiacutar layer

white matter

deep cerebellar
nucleus

FIGURE 14-5. The organization of the cerebellar cortex of tetrapods.

(Purkyné in Czechoslovakian and pronounced “poor-kee-
nyeh” although English speakers typically pronounce it “purr-
kinn-jee”). The Purkinje cells tend to be spaced more or less
uniformly with some distance separating each Purkinje cell from
its neighbors. The axons of the Purkinje cells, which are the only
route out of the cerebellar cortex, pass through the underlying
granule-cell layer and enter the white matter below. Internal
to the Purkinje-cell layer is the layer of granule cells. In contrast
to the Purkinje cells, granule-cell somata are quite densely
packed and indeed constitute the greatest density of neurons
in the central nervous system. In addition to the granule cells,
the granule-cell layer contains two other types of cell, Golgi
cells and Lugaro cells. The granule-cell layer rests on the layer
of white matter that contains the axons of the Purkinje cells, the
axons that constitute the two afferent pathways to the cerebellar
cortex (the mossy fibers and the climbing fibers), and one
or more groups of neurons that constitute the deep cerebellar
nuclei. The cells of the deep cerebellar nuclei are the targets
of the Purkinje-cell axons. Figure 14-6 shows photomicrographs
of the cerebella of a turtle and a bull frog. In nontetrapods, a
white matter layer that is clearly distinguishable from the cortex
is not present, the afferent and efferent axons of the cerebellum
merely mingle with those of the underlying pons.

THE CEREBELLA
OF NONTETRAPODS

Agnathans and Cartilaginous Fishes

In agnathans, the cerebellum consists of a simple bridge
of gray matter between the right and left octavolateral areas of
the rostral medulla; it is better developed in lampreys than in
hagfishes. In lampreys, some Purkinje-like cells are present but
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FIGURE 14-6. Transverse hemisections with mirror-image drawings through the cerebellum of (A) a turtle
(Pseudemys scripta) and (B) a bullfrog (Rana catesbeiana). The latter was adapted from Wilczynski and North-

cute (1983).

are scattered throughout the molecular layer. In cartilaginous
fishes, the granule cells, rather than appearing in a continuous
sheet to form the granule-cell layer, have formed long, cylindri-
cal columns known as the eminenitae granulares (granular
eminences). Two such columns lie on the roof of the ventricle
that is at the core of the corpus cerebelli, and two more are
situated on the floor of the cerebellar ventricle. The latter two
continue into the fourth ventricle of the medulla and pons. The
eminentiae granulares are shown in Figure 14-7, which is a
representation of the cerebellum and pons of the cartilaginous
ratfish. The most ventral of the ventral cell columns is sometimes
known as the eminentia ventralis. Also shown in the figure
are the Purkinje cells, which congregate on the lateral walls of
the corpus rather than being distributed uniformly across the
cortex. The cerebellar auricles also appear in the diagram.

molecular layer
Purkinje-cell layer

eminentia

granularis

ventricle

eminentia
ventralis

lower leaf

FIGURE 14-7. A drawing of the caudal half of the brain of a cartilaginous
fish (a ratfish) that shows both the internal and external structure of
the cerebellum.

Ray-Finned Fishes

The cerebellar layers show considerable variation in ray-
finned fishes [Fig.14-8, (A and B)). In some species, the Purkinje
cells are organized in a single sheet everywhere as in tetrapods.
In others, the Purkinje cells are in a sheet in the corpus, but
are scattered in the molecular layer in the valvula. Still others
have a sheet organization in some parts of the corpus and a
scattered organization elsewhere in the corpus. Some species
have the granule layers located in a column lateral to the molec-
ular layer as well as ventral to it. These lateral columns are the
eminentiae granulares. An example is shown in Figure 14-9,
which is a drawing of the brain of a catfish.

THE CEREBELLAR CORTEX

The Purkinje-Cell Layer

Purkinje cells are easily recognized in all vertebrates except
agnathans. In agnathans, the cerebellum contains large, scat-
tered neurons with widely branching dendritic trees, rather
than the flattened trees of Purkinje cells in jawed vertebrates.
Moreover, they are not organized into the neat, monocellular
layer that is characteristic of the Purkinje-cell layer of jawed
vertebrates. Hence, these cells in agnathans often are referred
to as Purkinje-like cells.

Dendrites. Inorderto understand the relationship between
the dendrites of the Purkinje cells and other components of
the cerebellar cortex, you must first understand the distinction
between the short and long axes of a cerebellar folium. The
short axis is the axis that cuts across the fold in contrast to the
long axis, which runs along the length of the fold. These axes
are diagrammed in Figure 14-10. Also shown in the figure are
Purkinje cells and parallel fibers, which will be described below.
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FIGURE 14-8. Transverse hemisections with mirror-image drawings
through the cerebellum of (A) a gar (Lepisosteus osseus) and (B) a teleost
(Lepomis gibbosus). Adapted from Parent and Northcutt (1982) and Parent
et al. (1978).

The dendrites of the Purkinje cells extend up into the
molecular layer and ramify (form branches) that are oriented
along the short axis of the cerebellar folium. Unlike the dendritic
trees of most neurons, however, which have a dendritic domain
that is three dimensional, the Purkinje cell’s dendritic domain
is much closer to two dimensional because virtually the entire
dendritic tree is flattened along the plane of the short axis. In
other words, when seen in the plane of the short axis, the
Purkinje cell appears to have a rich, highly elaborate dendritic
tree, but when seen in the plane of the long axis, the same cell
appears to have a thin, compressed dendritic tree. Figure 14-
11 shows the dendritic domains of three cells. A Golgi cell,
which is one of the cell types found in the cerebellar cortex of
amniotes, is shown at the top of the figure. Its dendritic domain
is roughly in the form of a cube and occupies approximately
the same volume in both the long and short axes of the folium.
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FIGURE 14-9. A drawing of the caudal half of the brain of a ray-finned
fish (a catfish) that shows both the internal and external structure of
the cerebellum.

Below is the dendritic domain of a Purkinje cell, which has the
form of a thin slab, with the large surface being in the plane
of the short axis and the narrow surface in the plane of the long
axis. The bottom shows the same dendritic domain bisected
through the Purkinje cell’s soma to show the appearance of its
dendritic tree in the plane of the long axis. The dendritic trees
of the Purkinje cells of agnathans, however, do not follow the
typical pattern; they are more like that of the Golgi cell shown
at the top of the figure. Figure 14-12 shows examples of the
varieties of dendritic trees that can be found in Purkinje
cells. These range from the relatively sparse arborizations in
catfishes, to the more candelabra-like formations of rays and
mormyrids to the more tree-like arrangement in alligators
and mice.

Somata. Except in agnathans in which they are scattered
throughout the molecular layer, the pear-shaped somata of the
Purkinje cells are located at the border between the molecular
and granule-cell layers of the cerebellar cortex. They are spaced
more or less uniformly apart with some separation between
them. In general, at least within mammals where the most

parallel fiber

FIGURE 14-10. A schematic representation of a single folium of a
cerebeltar cortex. The parallel fibers run parallel to the long axis of the
folium, and the Purkinje-cell dendritic trees are flattened parallel to the
short axis of the folium.
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FIGURE 14-11. Dendritic domains of a Golgi and a Purkinje cell. Top:
The dendrites of the Golgi cell occupy a space that is roughly a cube.
Middle: The dendritic tree of the Purkinje cell, which spreads out across
the short axis of the folium, occupies a space that is roughly a solid rectangle.
Bottom: The solid rectangle of the Purkinje-cell domain has been cut in
the plane of the soma to reveal the appearance of the Purkinje cell as it
would been seen in the plane of the long axis of the folium.

detailed studies have been done, the larger the animal (and
hence the larger the brain), the larger are the Purkinje-cell
somata and the greater is the intercellular spacing. Although
they appear morphologically identical within a single animal,
individual Purkinje cells differ somewhat in size and can be
classified according to the presence or absence of various neu-
roactive substances.

Axons. Like the giant axons of the Mauthner cells of the
nontetrapod spinal cord, the initial segment of the Purkinje-
cell axon is thinner than the rest of the axon. These axons
descend through the granule-cell layer and leave the cerebellar
cortex. As they do so, they give off recurrent collaterals that
ascend to terminate on the somata and dendrites of Golgi cells
and basket cells. In all jawed vertebrates except ray-finned
fishes, the Purkinje-cell axons terminate in one or more special-
ized cerebellar nuclei and in nuclei associated with the vestibu-
lar system. A notable exception occurs in ray-finned fishes in
which the Purkinje-cell axons are not the source of the critical
efferents, but rather remain intrinsic to the cerebellar cortex,
where they terminate on other Purkinje cells and on the deeper
lying stellate cells. The task of carrying the results of cerebellar
cortical processing to other regions of the brain falls to a group
of specialized efferent cells. These cells, known as euryden-
droid cells, also receive axon terminations of the Purkinje cells
and differ from Purkinje cells in a number of ways. These

differences are in the spread of the dendritic tree and the lack
of spines on their dendrites. Another major difference is that
the extrinsic axons of the eurydendroid cells do not terminate
in a deep cerebellar nucleus but rather pass directly to target
cell populations in the brainstem and spinal cord.

The Granule-Cell Layer

Granule-Cell Somata. In contrast to the Purkinje cells,
which are relatively large, relatively few, and can be separated
by spaces at least as wide as a Purkinje-cell soma or wider, the
granule cells are relatively small, highly numerous, and densely
packed. Indeed, the cerebellar granule cells are probably the
most densely packed cells in the central nervous system. The
extent of the density of the granule cells, like that of the Purkinje
cells, varies with the size of the animal and the weight of the
brain. Thus, smaller animals tend to have more densely packed
granule cells than larger ones. For example, the number of
granule cells per cubic wm of cerebellar cortex is approximately
800-1100 in elephants and whales, 1200-1500 in sheep, bulls,
and horses; 1600—-2300 in humans, Old World monkeys, cats,
foxes, and opossums; and 2500-3200 in rats, mice, and moles.
Similar findings have been reported for birds in which cellular
density in large birds, such as ostriches, is considerably lower
than it is in small birds, such as a titmouse. With regard to the
ratio of granule cells to Purkinje cells, in larger animals such
as elephants, whales, porpoises, primates, sheep, bulls, and
horses, the ratio varies from approximately 1500-3000 granule
cells per Purkinje cell; in the smaller animals, however, such
as mice, moles, hedgehogs, rats, and guinea pigs, the ratio
varies from about 600-950 granule cells per Purkinje cell. Thus,
even though both Purkinje-cell density and granule-cell density
decrease with increasing weight of the cerebellum, at least in
birds and mammals, the amount of change is greater in the
granule cells.

Granule-Cell Dendrites. Unlike the Purkinje cells, which
show a considerable degree of variation in the form of their
dendritic arborization, the granule cells show a considerable
degree of consistency across species as may be seen in Figure
14-13. Granule cells typically have dendrites that are relatively
few (usually four or five per soma) and relatively short. The
dendrites end in a characteristic claw-like formation or occa-
sionally in a knob-like ending. These endings are the locus of
termination of one of the two types of cerebellar input axons,
the mossy fibers. The mossy fiber terminations are only axoden-
dritic; axosomatic terminations do not occur in these cells. Be-
cause of the extremely dense packing and dense staining of
the granule-cell somata, the regions of the granule-cell layer in
which the dendrites are found appear in stained tissue as little
islands of unstained tissue called glomeruli. In addition to the
mossy-fiber input from outside of the cerebellar cortex, an
intracerebellar axon also terminates on the granule-cell den-
dritic endings; these are the axons of the Golgi cells, which are
also located in the granule-cell layer. Figure 14-14 shows a
granule cell with one of its dendrites receiving axonal termina-
tions on one of its dendritic endings to form a glomerulus. The
reader should note that in this and subsequent figures that show
individual granule cells, the size of the granule cell has been
greatly exaggerated for the sake of visibility and understanding;
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FIGURE [4-13. Asample of vertebrate granule cells. Note the similarity
in dendritic organization.

the granule cells actually are much smaller in relation to the
other cells of the cerebellar cortex. The figure shows an en-
larged view of the glomerulus to reveal the claw-like ending
of the granule-cell dendrite and the terminations of the mossy
fibers and Golgi-cell axons.

Granule-Cell Axons. The granule-cell axons usually are un-
myelinated. They ascend through the granule-cell and Purkinje-
cell layers to the molecular layer where they bifurcate into
branches that then travel at right angles to the main ascending
axon. These branches run parallel to the long axis of the folium
and are known as parallel fibers.

An illustration of a granule-cell axon is shown in Figure
14-15, in which the arrows show the direction of conduc-
tion of the granule-cell and Purkinje-cell axons. Because the
Purkinje-cell dendritic tree is spread out across the plane of the
short axis of the folium, the parallel fibers pass through Purkinje
dendritic branches like telephone wires passing through the
branches of a tree. This may be seen in Figure 14-15, which
shows a Purkinje cell as it would appear in a section parallel
to the long axis of the folium. In Figure 14-16, a slab of cerebellar
cortex that has been cut in the plane of the short axis is shown.
This view shows the Purkinje-cell dendritic tree in its wide
extent. A segment of this slab has been removed to reveal the
long-axis plane and to show the Purkinje-cell dendritic tree in
its narrow aspect. Several granule cells are shown in the depths
of the granule-cell layer. Their axons rise to the molecular
layer and bifurcate to form the parallel fibers, which then run
in the plane of the long axis through the branches of the
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FIGURE 14-14. A cerebellar glomerulus formed by the conjunction of
mossy-fiber and Golgi-cell terminations on the dendritic “claws” of a granule
cell. The enlarged region shows the details of one such type of glomerulus.
The small arrows show the direction of conduction of the axons.

Purkinje-cell dendrites. The parallel fibers not only make synap-
tic contacts on the dendrites of the Purkinje cells, but they syn-
apse as well on the dendrites of the other cellular constituents of
the molecular layer: the basket and stellate cells. The parallel
fibers of ray-finned fishes, however, tend not to bifurcate.

Golgi Cells. Also present in the granule-cell layer are the
Golgi cells, which are characterized by their large somata (a
little smaller than those of the Purkinje cells), which often have
numerous indentations. A Golgi cell is shown in Figure 14-17.
Two types of Golgi cells have been found: those in which the
dendritic tree is confined to the granule-cell layer and those in
which the dendritic tree extends upward into the molecular
layer. The latter, which often is found in the vestibular regions
of the cerebellum in birds and mammals, is receptive to input
from the parallel fibers. The first type of Golgi cell mainly
receives mossy fiber input on its dendrites as well as terminals
from the vertical portion of the granule-cell axons as they ascend
to the molecular layer. The dendrites of the second type of
Golgi cell additionally receive terminals from the parallel fibers.
The Golgi-cell axons terminate on the granule-cell dendrites in
the glomeruli of the granule-cell layer. Golgi cells are found in
cartilaginous fishes, ray-finned fishes, and tetrapods, although
very few have been reported in amphibians.

Lugaro Cells. In addition to the Golgi cells, another constit-
uent population of the granule-cell layer are the Lugaro cells,
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FIGURE 14-15. Granule-cell axons rise into the molecular layer and
bifurcate to form the parallel fibers. The parallel fibers pass through the
dendritic trees of the Purkinje cells. The arrows show the direction of
conduction of the axons. The size of the granule-cell soma has been exagger-
ated for better visibility.

which are located just below the Purkinje-cell layer. Their so-
mata are elongated horizontally as are their dendritic trees.
The latter receive axon terminals from Purkinje-cell recurrent
collaterals and the parallel fibers. The targets of their axons are
not yet known, nor is much known about their function. Lugaro
cells thus far have only been reported in mammals.

The Molecular Layer

The molecular layer consists of the dendrites of Purkinje
cells, the unmyelinated axons of the granule cells (the parallel
fibers), the incoming extracerebellar afferents to the Purkinje-
cell dendrites (the climbing fibers), and several cell types. The
two principal cellular components of the molecular layer are
the stellate cells and the basket cells, both of which are
shown in Figure 14-17. The stellate cells are located in the more
superficial regions of the molecular layer and the basket cells
in the deeper regions. The basket cells sometimes are known as
inner-stellate cells. The two cell types can be distinguished
by their axonal terminations and their neurotransmitters.

Stellate Cells. The axons of the stellate cells extend in the
long axis of the folium and run parallel to the parallel fibers.
Along their course they send out a number of collaterals that
end on the dendrites of the Purkinje cells. Stellate cells are
found in all vertebrates. Their neurotransmitter is taurine.

Basket Cells. Like the more superficial stellate cells, the
axons of the basket cells also extend in the long axis of the



