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A, General
Considerations

1. The Parts of
the Nervous
System

The Comparative Anatomy of
the Nervous System and the
Sense Organs

R. Glenn Northcurt

The nervous system is anatomically and functionally the most complex
system of the vertebrate body. Its organization is still not as fully under-
stood as the other organ systems, although in the last decade, new and
exciting experimental methods have become available that allow us to
begin to understand its organization better. At present, the phylogeny
of the vertebrate nervous system is known only in very vague outline.
Tantalizing bits of information hint at its organization and history. This
chapter will describe some of the variation that exists in vertebrate ner-
vous systems and suggest the functional significance of that variation.

The structural unit of the nervous system is the rnerve cell, or neuron,
which consists of the cell body and one or more processes, or neurites,
that may be very long. The most generalized neuron is the neurosensory
cell, in which the usually elongated celt body is situated at the surface of
the body and acts as a sensory receptor and also as a conducror. lts
inner end continues as a nerve fiber, the axon, joining the central nervous
system. Neurosensory cells are common in invertebrates, but among ver-
tebrates they are limited chiefly to the olfactory epithelium and the retina
of the eye (fig. 13.1). A more specialized neuron is the unpolarized
nerve cell, usually with several neurites, along which impulses pass in
either direction. This type of neuron is commonly found in invertebrate
nervous systems. The most specialized neuron, the type found in verte-
brates, 1s the polarized nerve cell, which receives impulses along one or
more processes, the afferent processes, or dendrites, and sends them out
along one process, the efferent process, or axon. Axons and dendrites
differ histologically as well as functionally. Neurons are also classified
by the number and arrangement of the neurites they possess. Neurons
that possess a single dendrite and a single axon are called bipolar neu-
rons. Bipolar neurons are usually neurosensory neurons. Neurons that
possess a single neurite are called pseudounipolar neurons. These neurons
develop from bipolar neuroblasts and secondarily fuse their two neurites.
Pseudounipolar neurons make up the dorsal root ganglia of the spinal
nerves and ganglia of the cranial nerves. Neurons that possess more than
one dendrite are called multipolar neurons. Multipolar neurons consti-



peripheral or

\ ﬁ cilia “dendritic” process

nucleus

cell body

myelin'
sheath

nucleus axan

terminai boutons

terminal boutons apical dendrite

dendrites

nucleus
cell body

cell body

basal dendrite

molor endplate




at or

myehh
sheath

dxon

cutens

ndrites

!

Al

nucieus

o
e
¥,

cell body

cell body

%

le cell

apical dendrite

:
-
2
|

!
.

P— axan

617 General Considerations

with a considerable degree of dendritic overlapping from adjacent neu-
rons. These neurons appear to process afferent signals of very hetero-
geneous origin, and such populations are referred to as regions of neuro-
pil. More specialized neurons have fewer dendrites with greater morpho-
logical complexity and little or no overlap from adjacent neurons. These
more specialized neurons appear to process afferent signals of a homo-
geneous origin. Such ceflular populations are most frequently found in
muitiple laminae called cortices.

An aggregation of nerve cell bodies outside the central nervous system
is called a ganglion. A similar group inside the central nervous system is
termed a nucleus. A nerve is a bundle of axons outside of the central
nervous system. A similar group of axons inside the central nervous sys-
tem is termed a tract. The axons of neurons are encased in a proteolipid
sheath that begins just distal to the body and continues almost to the
termination of the axon. This sheath lies external to the cellular mem-
brane of the axon. Axons surrounded by such sheaths are said to be
myelinated and are frequently referred to as white fibers. In the past,
many axons were thought to lack such a sheath. They were said to be
unmyelinated and were frequently referred to as gray fibers, but electron
microscopy has shown that most gray fibers possess a thin sheath. The
myelin sheath was once believed to be a nonliving structure secreted
by neuroglial cells found near axons. It is now known, however, that the
myelin sheath is a series of living plasma membranes of the neuroglial
cells that are wrapped around the axon. The myelin sheath is not contin-
uous along the length of an axon but is broken at intervals. In axons
outside the central nervous system, these regions of discontinuity along
the axon are termed the nodes of Ranvier. Electron microscopy has
recently demonstrated that similar nodes are found around axons inside
the central nervous system. Neuroglial cells and their myelin sheaths
have been related to a number of functions: they electrically insulate
axons; they are involved in the exchange of metabolites with neurons;
they transport material differentially between blood and neurons; and
they may have a trophic role in the regeneration of axons.

The distal ends of axons are finely branched and, except for those in
specialized contacts on muscle, glands, and blood vessels, normally have
small knobs (boutons terminaux) near cell bodies, dendrites, or the
proximal portions of axons. In vertebrates there is not cytoplasmic con-
tinuity between cells, and the space between the boutons of one neuron
and the cellular membrane of a second neuron is called a synapse. When
a nerve impulse is generated in the dendrites and cell body of a neuron,
it spreads down the axon to the boutons. There a chemical is released that
may cause the second neuron to generate an impulse. Impulses reaching
a bouton do not always cause a second neuron to generate an impulse.
The second neuron may react only to a specific thythm of boutonal trans-
missions, or frequently boutons may actually inhibit a second neuron




2. The Develop-
ment of the
Nervous System
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formed by the arches of the vertebrae. Brain and cord are composed of
both nerve cell bodies, which form the gray matier, and nerve fibers,
which form the white matter, so called because the thicker myelin
sheaths lend a white color. The peripheral nervous system consists of the
cranial nerves, arising from the brain, and the spinal nerves, arising from
the spinal cord. Both kinds of nerves consist of the axons of nerve cell
bodies found inside the brain or cord or in outside ganglia. The nerves,
especially the spinal nerves, are markedly metameric in arrangement—
typically there is a pair of nerves to each body segment—but this meta-
merism is probably imposed upon the nerves by the metamerism of the
muscles and vertebrae, The autonomic nervous system controls and reg-
ulates in general the visceral activities of the body and the organs that
subserve those functions, such as the heart and the digestive tract, the
smooth musculature in several systems, secreting glands, blood vessels,
and the respiratory and urogenital systems. It consists of a ganglionated
cord lying to either side of the vertebral column along the dorsal coe-
lomic wall, of ganglia in the head and among the viscera, and of connect-
ing and distributing nerves.

The central nervous system is formed by the enfolding of the ectoderm
along the middorsal region of the embryo to form a tube (see chap. 4}.
That portion of the tube situated in the head becomes the brain, and that
part posterior to the head becomes the spinal cord. The original single
layer of enrolled ectoderm cells proliferates to form a thick zone of
cells around the central cavity; most of these become nerve cells, but
some give rise to supporting cells or neuroglia.

The tocation of this zone of nerve cell bodies, or gray matter, around
the central cavity is believed to be the ancestral arrangement retained in
a modified form throughout vertebrates in the spinal cord; but in the
brain of all vertebrates there is considerable migration of the gray mat-
ter toward the periphery of the brain wall.

Neurites arise from the embryonic nerve cells and may remain in the
central nervous system to form a peripheral zone of myelinated fibers, the
white matter, or may grow out of it to form the nerves. The ganglia out-
side the brain and cord result from the migration of nerve cell bodies,
mostly from the neural crests, a pair of longitudinal strands left outside
the neural tube at the time of its closure.

In the development of the brain the original, simple tube becomes
marked off by a transverse ventral fold into two regions, the primitive
forebrain and.hindbrain (fig. 13.2). This fold is situated just behind the
future infundibulum, and it also marks approximately the anterior end of
the notochord. The anterior part of the primitive forebrain, called the
telencephalon, puts out paired lateral swellings, which become the cere-
bral hemispheres. The region behind this is the diencephalon, and it
soon shows a dorsal evagination, the pineal apparatus (fig. 13.2C). The
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Fig. 13.2. Stages in the embryonic development of the chick brain as seen in
sagittal view. A, primitive or ventral fold stage at which three major brain
divisions can be recognized; B, main regions of brain have developed, as have
the cranial nerve ganglia; C, epiphysis appears and cerebral hemispheres have
expanded; D, paraphysis appears and optic tectum has expanded; E, olfactory
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620 The Nervous System

out a dorsal enlargement, the cerebellum (fig. 13.2E), and the remainder
and greater part of the hindbrain is the myelencephalon or medulla ob-
longata, characterized by its thin roof and the large nerve ganglia along
its side walls (fig. 13.2C). The medulla oblongata is continuous with the
spinal cord, from which it is not definitely delimited. These five main
regions of the embryonic brain persist as such in the adult brain, devel-
oped by thickenings, folds, and outgrowths of their walls.

The central nervous system does not fill the bony canal in which it lies
but is separated from it and protected by fluid and by connective tissue
membranes, the meninges. In cyclostomes and fishes there is usually
but one membrane, the primitive meninx. Amphibians, reptiles, and birds
have two, an outer dura mater and an inner secondary meninx. In mam-
mals there are three meninges: a relatively tough outer dura mater and
two delicate inner ones, the arachnoid and the pia mater, both differentia~
tions of the secondary meninx. The pia mater is closely associated with
the brain and cord, into which it may send connective tissue partitions,
and is separated by a considerable subarachnoid space from the web-like
arachnoid. Outside the dura mater there is also a fat-vascular cushioning
layer. The spaces around the brain and cord and between the meninges
are in communication with the central canal of the cord and the ven-
tricles of the brain, and all are filled with the cerebrospinal fluid, differ-
ing littte from blood plasma.

The brain and spinal cord of vertebrates demonstrate the same kinds of
morphological specialization as do other vertebrate body systems. That
is to say, as vertebrates have adapted to different ways of life their brains
reflect these specialized ways of life. The nuclei and tracts, which reflect
much of this specialization, are described in the following section on the
functional divisions of the nervous system.

All vertebrates possess the same number of brain divisions (fig. 13.3),
but they vary in both absolute and relative volumes among species. T hese
differences reflect both phylogenetic organization and physiological spe-
cialization for a particular ecological niche. Neurobiologists have often
ranked living vertebrates and their brains in terms of their taxonomy and
then spoken of their structure as though it had not changed in millions
of years. The brain of a living frog may be a very poor substitute for the
brain of an amphibian that lived 400 million years ago. We must always
ask what structures in living vertebrate brains have been inherited from
their ancient ancestors with little change, and what structures have been
greatly modified in the course of their evolution. Does the brain of a
living lamprey closely resemble the brain of an ancient ostracoderm,
from which the lamprey sprang? How have nuclei and tracts changed
from ancestral reptiles to modern reptiles, or to modern mammals? These
questions and many more are only now beginning to be answered, and
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band-like cord (fig. 13.4B) lies on the notochord. In tetrapods the cord ¢

presents cervical and lumbar enlargements, associated with the limbs;
these are usually absent in fishes and limbless tetrapods such as snakes.
The cord extends the full length of the vertebral canal in generalized

lamprey

Fig. 13.3. Relative development of major brain divisions in a series of verte-
brates. Brains are not drawn to scale. Modified after Northeutt 1977 (McGraw-
Hill encyclopedia of science and technology. New York: McGraw-Hiil).

fishes, reptiles, and birds; but in mammals and many teleosts it is much
shorter than the vertebral column, tapering to a fine strand, the terminal
filament. The cavity of the spinal cord is reduced to a very small central
canal in the adult, and this is lined by a one-layered columnar epithelium,
termed the ependyma. The gray matter of the cord, composed chiefly of

nerve cell bodies and nonmyelinated axons, occupies its central region
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passing above and below it as the dorsal and ventral commissures, tre-
spectively. In anamniotes the gray matter varies in section from a rounded
or quadrangular shape to a shape somewhat like an inverted T and Y
(fig. 13.4C); in cyclostomes it forms a broad band (fig. 13.4B). The
white matter, constituted of ascending and descending bundles or tracts
of myelinated axons, forms a thick peripheral zone of the cord and is
divided by the gray columns into dorsal, lateral, and ventral funiculi
(fig. 13.4D). Columns and funiculi are, of course, less evident and de-

fined in anamniotes, and they also differ in shape and proportions at
different levele nf the amed e fooor oqr g oo o B E MR
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ity of the skull, and the shape of this cavity conforms to the contours of
the brain. The brain rests ventrally on the chain of cartilage bones ossi-
fied in the floor of the chondrocranium. Although the brain is bent at
the mesencephalon in the embryos of all vertebrates, it straightens out in
line with the longitudinal body axis in the later development of anamni-
otes. A permanent flexure is lirnited to amniotes and is especially notable
in the brains of primates. The arrangement of the gray and white matter
of the cord persists into the caudal part of the brain, but anteriorly the
gray and white matter intermingle irregularly; in the cerebral hemi-
spheres and cerebellum the gray maiter forms a peripheral stratum over
more central white matter. The white matter of the brain consists of
ascending and descending tracts connecting various parts of the brain
and cord; the gray matter consists mostly of “nuclei” (also called cen-
ters), that is, aggrepates of cell bodies whose axons form the tracts of the
white matter or issue in the cranial nerves.

The fifth, most posterior part of the brain, the myelencephalon or me-
dulla oblongata, is continuous with the spinal cord through the foramen
magnum and cannot be definitely delimited from the cord, although the
boundary is usually placed just anterior to the level of the first spinal
nerve. The rear part of the medulla is similar to the spinal cord, having
a thick wall around the very small central canal. This canal soon widens
out, however, into a large rhomboidal or triangular cavity, termed the
fourth ventricle; its roof is greatly thinned out and consists only of the
ependymal epithelium. To the outside of this, however, there adheres the
richly vascularized pia mater, the two together forming the tela choroi-
dea. In certain regions this is invaginated into the cavity of the fourth
ventricle as vascularized tufts, known as choroid plexi. The walls of the
medutla consist chiefly of the nuclei of origin and of termination of the
fifth through the twelfth cranial nerves and their connections. These
nuclei are arranged in generalized vertebrates according to their func-
tions info four longitudinal columns (see below, under functional com-
ponents), and this arrangement persists more or less throughout verte-
brates.

The fourth division of the brain, or metencephalon, forms dorsally
the cerebellum. This is of slight development in cyclostomes and am-
phibians, consisting of a ledge in front of the tela choroidea of the me-
dulla, but is large in fishes of active habits, such as selachians and tele-
osts. It is of rather small size in most reptiles but increases in size and
complexity in birds and mammals. Typically it consists of a median por-
tion, the body or corpus, and a pair of lateral lobes, which are called
auricular lobes after their shape in selachians, and which contain ex-
tensions of the fourth ventricle, the auricular recesses. In amniotes the
auricular lobes are usually called the floccular lobes. The body of the
cerebellum is generally marked by transverse fissures, which increase in
number in birds and mammals, where the corpus seems more or less

. m o P -




624 The Nervous System

and appear to be concerned with muscles of the distal parts of the
jaired appendages. The cerebellum has 3 surface layer of gray matter
known as the cerebeligy cortex, and in birds and mammals this is under.
lain by a particularly thick stratum of white matter, so that sections of the
cerebellum of these groups show the famifiar “arbor vitae,” lobulationg
of white matter covered by gray. It is characteristic of the teleost cerebel.
lum that there is 5 thick invaginated Iobe, termed the valvula. The cere.
bellum usually contains g cavity, the cerepellar ventricle.

pair the inferior colliculi. The inferior colliculi are present in fish but
are not evident externally. Thejr €Xposure on the surface jn mammals re-
sults from differences in embryonic development. The midbrain floor
consists chiefly of tracts to and from other parts of the brain, The quanti-

ventricle, into which the aqueduct opens, and which I mammals is much
compressed laterally. The roof of the third ventricle is thinned to ap
ependyma and forms a tela choroidea, which has choroid plexi project-
ing into the interior Or, in certain anamniotes (petromyzonts, soime
ganoid fishes, selachians. some rentilacy 7 .. o




24 The Nervous System

625 General Considerations

Gﬁ

lain by a particularly thick stratum of whj
cerebellum of these groups show the fa
of white matter covered by gray.
lum that there is a thick invagin
bellum usually contains a cavity

The floor of the metencepha
medulla in anammiotes, but, wit

te matter, so that sections of the
miliar “arbor vitae,” lobulations
It is characteristic of the teleost cerebel-
ated lobe, termed the valvulg, The cere-
, the cerebellar ventricle.

lon shows little differentiation from the
h increasing importance of the cerebellar

1ous fibrous structure, visible
nedulla,

The functions of the cerebellu
oordination of muscular movem
nd the equilibration of the bod

m, insofar as they are known, are the
ents, the maintenance of muscular tone,

y in space. Consequently, it has connec-
ons with many levels of the central nervous system, but particalarly

ith sensory impulses from muscles and joints (proprioceptive impulses)
nd with the equilibratory mechanism of the inner ear.

The mesencephalon or midbrain, the third division of the brain, is
s0 best developed dorsally, where its thick roof, known as the opic
ctum, usually has two curved eminences (the optic lobe). In mammals
ere are four such externally apparent eminences, the corpora quadri-
mina; the anterior pair are called the superior colliculi, the posterior
ir the inferior colliculi, The inferior colliculi are present in fish but
¢ not evident externally, Their eXposure on the surface in mammals re-
Its from differences in embryonic development. The midbrain floor
nsists chiefly of tracts to and from other parts of the brain, The quanti-
ive increase in tracts from the cerebral hemispheres of mammals
ults in a pair of conspicuous bundles, the cerebral peduncles, visible
ernally on the ventral surface of the midbrain. The midbrain is solid
mammals except for a narrow canal, the cerebral aqueduct (formerly
-aqueduct of Sylvius), which basses through it from the fourth ven.
le. In nonmammalian vertebrates the optic lobes are usually hollow,

taining cavities, termed the optic veniricles, which open into the
educt,

'he diencephalon, the second divisi
ter for the cerebral hemispheres, a

tance parallel those of the latter. It has a central cavity, the third
tricle, into which the aqueduct opens, and which in mammals is much
ipressed laterally. The roof of the third ventricle is thinned to an
idyma and forms a tela choroidea, which has choroid plexi project-
into the interior or, in certain anamnjotes (petromyzonts, some
id fishes, selachians, some reptiles), choroidal sacs, often verv larce

ey Fom Al o 4 e

on of the brain, is chiefly a relay
nd consequently its size and im-

lon by a transverse enfolding, the transverse velum.
is divisible throughout vertebrates into a dorsal epithalamus’ a middle
thick thalamus, and a ventral h})pothalamus (fig. 13.2E). The epithala-
mus consists chiefly of the epzphysele ePbaratus and a pair of emall
masses, termed the habenulae. The epiphyseal apparatysg apparently con-
sisted primitively of two outgrpwths of a sensc_)ry nature, and jp larmnpreys,
some ganoids, and many reptiles there are still two Outgrowths-—an an-
terior parapineal or parietal body and a p.ostegor Pineal body or epi-
physis. In petromyzonts ea(_:h develops a sunphﬁe.d eye. In Sphenodon
and a number of other reptiles the anterlo.r OF parietal outgrowth forms
a well-differentiated eye (usually Cau?d pineal eye, bUt more correctly
termed parietal eye), and the postenoxt outgrowth js the pineal body
proper. In other vertebrateg only the .plneal outgrc..wth appears in the
embryo, and this develops into the pineal body, WIt.h no trace of eye
formation. Except in lampreys, the pineal .body COnta.ms glandular cells
similar to the endocrine glands, and the_Plneal SeCI‘&thI‘lS are known to
affect gonads and pigment cells. The parietal eye of repijes occupies the
parietal foramen of the skull, which is noticeable in the skyjj of primitive
extinct tetrapods and their crossopterygian ancestors. These facts suggest
that vertebrates originally had three eyes, but this questigy must be left
ungv?;dtelfa:lamus comprises the laterallwalls of the diencephalon; it is
composed of many relay z_md integration .centers for tracts passing to
and from the cerebral hemispheres. In reptiles and Mammals the dorsal
parts of the thalami are frequently fusgd across' the third ventricle by a
connection of gray matter termed the mtern?edxate mass.
The hypothalamus or vgntral part of.the dlencephal.()n has
ing main parts: optic chiasma (cr-ossmg of.the O.ptm nerv
entrance into the brain), tuber cinereum, infundiby,
and mammillary region. The .hypothalamus Feaches
ment in fishes, where it is believed to be an importa
for olfactory, gustatory, and ot}_ler sensory }mpu‘lses,
is an area of gray matter behind t}}e opt}c chiasm .
trally as the infundibulum, a stalk‘ in which the CaYlty is an extension
of the third ventricle and from which the hypophysis or pituitary body
extends. The hypophysis is composed partly of the org] epithelium of
Rathke’s pouch {adenohypophysis )' and partly of nervous tissue from
the infundibulum (neurohypophysis}. The hypophysis is a very im-
portant endocrine gland thlat secre‘tes a number of hlormones. In fishes
and amphibians the infundibulum is expanded Posteriorly into a pair of
swellings, the inferior lobes, and below them extends 5 soft-walled, very
vascular structure, the saccus vascul(?sus. OF vascular sac, which is close
to the pituitary. The mammillary Tegon is th? most Posterior part of the
hypothalamus and usually has a single or paired swelling, the mammil-
lary bodies.

The diencephalon

the follow-
es at their
lum, hypophysis,
its greatest develop-
nt correlation center
The tuber cinereum
a. It continues ven-
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them by way of a more or less elongated stalk, the olfactory stalk or
peduncle. The olfactory buibs are generally hollow but are secondarily
solid in many teleosts apd mammals, Their size ig correlated with the
development of the sense of smell, and hence they are very small ip
birds and relatively smal] in primates,

The cerebral hemispheres constitute the major part of the telencepha.
lon. They form large lateral bulges to either side of the original mediap
anterior brajn wall, the lamina terminalis, which is thus left at the bot.

plexi project into the cavities of the cerebral hemispheres. Immediately in
front of the velum transversum the telencephalic roof has a dorsal

In most vertebrates the cerebral hemispheres are smooth, rounded, or
elongated Iobes not noticeably larger than the rest of the brain ( fig. 13.3),
but in amniotes they increase greatly in size,

Each cerebra] hemisphere contains a cavity, known as the lateral ven-

everted. In these animals, the roof of the early neural tube proliferates
and the thickened lateral walls bend outward on themselves so that the
entire prosencephalon has opened out. These animals cannot be said to
possess lateral ventricles in the strict sense, It appears that this divergence
in telencephalic embIyology arose with fha oo e o 5 e
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hem by way of a more or less elongated stalk, the olfactory stalk or
eduncle. The olfactory bulbs are generally hollow but are secondarily
olid in many teleosts and mammais. Their size is correlated with the
levelopment of the sense of smell, and hence they are very small in
irds and relatively small in primates,

The cerebral hemispheres constitute the major part of the telencepha-
n. They form large lateral bulges to either side of the original median
nterior brain wall, the lamina terminalis, which is thus left at the bot-
ym of the cleft between the hemispheres (fig. 13.2EF), Not infrequently,
owever, the olfactory bulbs or cerebral hemispheres or both may be sec-
rdarily fused together dorsally. The lamina terminalis extends forward
1d upward from the preoptic recess, a depression in front of the optic
liasma, to the neuroporic recess, the point of last closure of the neural
Ids of the embryo. Just below the neuroporic recess, the lamina termi-
lis contains two bundles, the anterior and the pallial commissures,
lich connect regions of the two hemispheres. Above the neuroporic
cess the original telencephalic roof, extending backward to the velum
tnsversum, is thinned to form a tela choroidea, from which choroid
2Xi project into the cavities of the cerebral hemispheres. Immediately in
mt of the velum transversum the telencephalic roof has a dorsal
inched or folded evagination, the paraphysis (fig. 13.2E). This is evi-
ot in the embryos of all classes of vertebrates but does not persist in
 adults of most tetrapods; its function js not known,

[n most vertebrates the cerebral hemispheres are smooth, rounded, or
ngated lobes not noticeably larger than the rest of the brain (fig. 13.3),
in amniotes they increase greatly in size,
Fach cerebral hemisphere contains a cavity, known as the lateral ven-
ie, and these communicate with each other and with the third ven-
le by a passage (or pair of passages) termed the interventricular
amen (formerly the foramen of Monro). In reptiles and birds these
tricles are somewhat reduced, but in mammals they are well devel-
d though very irregular because of the buigings of the hemisphere
1.
he cerebral hemispheres of vertebrates are formed embryonically
me of two ways (fig. 13.5). In cyclostomes, elasmobranchs, sarcop-
giaps, and tetrapods the cerebral hemispheres are said to be inverted,
unpaired prosencephalon embryonically forms a pair of cerebral
ispheres by evaginating the lateral walls of the early neural tube, and
cavity within each evagination is termed the lateral ventricle. In tele-
and other actinopterygians, the cerebral hemispheres are said to be
fed. In these animals, the roof of the early neural tube proliferates
the thickened lateral walls bend outward on themselves so that the
© prosencephalon has opened out, These animals cannot be said to
ess lateral ventricles in the strict sense. It appears that this divergence
lencephalic embryology arose with the ancient placoderms, but the
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monotreme

marsupial

Sphenodon

Pl F’ilib
[ Jena BP+BH

J¢

tex; Bl and I, corpus striatum; BI{], septal nuclei. Modified after Northecutt
1977 (McGraw-Hil encyclopedia of science and technology. New York
McGraw-HiH) .

ancestral reptiles the latera] zone proliferated onto the surface to form
part of the isocortex. In both cases the proliferation seems to have oc-

In cutherian mammals, a broad horizontal band of myelinated axons,
the corpus callosum canmenta oh . . -
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