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INTRODUCTION.

The thalamus in space.

The thalamus 1s a large area of mixed grey amd white
matter, interposed betwsen the telencephalon on tb; one
hand and the brain-stem on the other, The thalamus

has thus a key position Iin the brain and the great majority
of connections between the telencephalon’and bulbo~spinal

reglons pass through it.

Those connections passing upwards to the telencephalon
tend to lie above the descending fibre systems, and the

dorsal thalamus is intimately related to the ascending

lemniscal or sensory systems. Very nearly all somatic
sensory fibres are relayed in the dorsal thalamus before
they reach the telencephalon, mostly the cerebral cortex.
These final relays or thalamic projections lie in the
thalamic radliations and lnternal capsule. It follows
from this Intimate relationship between the dorsal
thalamus and telencephalon that progressive enlargement
and elaboration of the telencephalon in evolution 1s
accompanied by a corresponding increase in size and

structural complexity of the dorsal thalamus.
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1s connected with the ventral or descending fibre systems
It lies centrally in the diencephalon, between dorsal
thalamus and hypothalamus, and is intimately related to the
descending lenticular connections of the lateral forebrain
bundle, i.e. to the motor and motor-co-ordinating systems
of the brain. Increase in the slzs and importance of the
subthalamus In evolution is consonant with iIncrease 1n
telenéephalic control of movement, found particularly

in mammals, and most of all 1n Primates,

The thalamus in time.

One of the characteristics of the progressive evolution in
vertebrates 1s enlargement and increase in complexity of the
forebrain, culminating in the elaboration of the cer@bral
cortex and related structures in mane. The salient
features of development In the telencephalon of different
groups of animals have been studied in detall. As a result
of this intensive study, and because the different
slementary areas in this part of the brain are reasonably
distinct, we have a great deal of accurate knowledge of
telencephalic structure in all vertebrates. We know, for
example, that a hippocampus of simple type 1s found in

Amphiblans, and that a primordium of the true cerebral cortex



or neopallium is present in reptiles (see the excellent
reviews of ELLIOT SMITH (1910) and JCHNSTON (1923))e
Extending these original studies, WRIGHT (1947) has provided
satisfactory objective criteria for distinguishing the

basal telencephalic areas in the brain of any vertebrates

While telencephallc development is thus on the whole
well understood, very few students of the forebraln have
concerned themselves with the thalamus, and our knowledge
of comparative thalamlc morphology 1s limited and
unsatisfactory. This 1s the more surprising since the
thaleamus occupies a very slgnificant position in the braing
it lles between the braln-stem and spinal cord on the one
hand and the telencephalon on the other; it has strong
reciprocal connections with the telencephalon, and upon
thalamically relayed impulses the sensory cortex is entirely
dependent; 1t ﬁndergoes a progressive differentiation not
less spectacular then that In the cerebral cortexs As
EILIOT SMITH (1910) pointed out, the key to the interpretation
of the structure of 1its rich cortical component of the
cerebral hemispheres which 1s found in mammels - the

neopallium - lies 1n an Intensive study of the thalamus,.

Quite recently, the importance of the thalamus has

been realized by workers on the mammalian brain. Our



knowledge of forebrain morphology has been consliderably
advanced during the past two decades by numerous detalled
studies of the thalaﬁus and of the relationshlip of the
thalamus to the telencephalons In spite of the difficulties
involved, a more or less consistent nomenclature of the
various cell-masses and fibre-tracts has been developed, and
applied to such widely separated groups as primates (see
WALKER, 1938), rodents (GURDJIAN, 1925 and 1927), ungulates
(SOLNITZKY 1938), insectivores (LE GROS GLARK, 1929 and 1929s)
edentates (PAPEZ, 1932) and masupials (BODIAN, 1939, 1940
and 1942, and GOIDBY, 1941).

Unfortunately, no attempt has been made to apply the
fruits of these recent researches generally to other
groups of vertebrates. Quite different terms are employed
in analysing and describing the thalami of the several
classese In fishes and amphiblans subdivision of the
thalamus 1s based upon the position of sulcl or depressions
in the ventricular well. The difficult problem of
comparison of the thalamus of reptliles with that of
amphlbians on the one hand and mammals on the other has
been avolded completelys a method of subdivision of the
thalamus and nuclear termlinolegy applylng only to reptilian
bréins has been developed, having very little resemblance
to terms used elther in amphiblan or in mammaslian studiess

This reptilian terminology is applied with a few



embellishments to avian brains. The unsatisfactory and

indiscriminately used criteria make homology impossible.

Thus, whlle the telencephalon, hindbrain and all other
reglons of the central nervéus system - with the possible
exception of the midbrain - of craniotes are on the whole
adequately compared, so that we know at least the major
structural medifications in each, our knowledge of the
comperative structure of the thalamus 1s quite Inadequate,
It follows from the different and incompatible procedures of
analysis and description used In the several groups of
animals that it is impossible to assess even the outlines of
development in this important area of the brain. The
original researches may be regarded merely as provisional
‘attempts at analysls of the thalami of different animals
in the absence of more complete data embracing a wide

series of species,

At present an extensive reanalysils of the structural

- pattern in the thalamus of different animals - from fishes to
primates - 1s being conducted, using the accepted
neurclogical techniques of study. Evidence has already
accunmulated to show that in the thalamus, just as in the
telencephalon and hindbrain, the various subdivisions found

in the different classes of animals can be identified and



compared, and the emergence and differentiation of new
areas traced throughout the vertebrate phylum. In the
thalamus the problem of comparison is perhaps more
difficult than in other parts of the brain, by reason of the
relatively diffuse and complex arrangement of the cell=-
bodies and systems of fibres; but the problem 1s none

the less capable of more satisfactory solution.

Why Elephantulus 7

The brain of Elephantulus Wés chosen as material for the
preliminary stages of this study, because some rather
simply organized placental mammalian brain type had to be
used as a basis for comparison, and fresh brains of
Elephantulus were avallable. The previous studies of

IE GROS CLARK (1928) and WRIGHT (1945) on the structure of
the forebrain of Elephantulus had shown an inordinate
development of the subsplenial hippocampus, relatively
large basal télencephalic areas and pyriform cortex, and a
relatively small and undifferentiated neopallium.
Originally, this study of the thalamic morphology of
Elephantulus was undertaken for two reasons: first, to see
what sort of a thalamus an animel with this unusual
arrangement of telencephalic areas might have, l.e, what
stfuctural modifications are found in a brain with so high

a degree of visceralization; secondly, to add to the general



body of information belng collected in our Unilversity

about this Interesting little mammal. The opportunlty

was taken at the same time of reviewing the termlnology used
and of introducing some small, but none the less long

overdue, changese

For these reasons alone detalled study of the thalamus
of the elephant shrew seemed justifled. As the
investigation proceeded 1t soon became clear, however, that
the study had conslideraebly more to offer.' In the first
place, because of the large size and relatively clear
differentiation of the basal telencephallec areas and
hippocampal formations in Elephantulus, it has bheen
posaible to analyse the connections between these areas and
the diencephalon with a degree of accuracy hitherte -
unparalleled. The results of this analysis may be
profitably applied to the study of other brains, and throw
additional light upon the academic theory of forebrain
structure, allowing a new and more satisfactory

interpretation of certain forebrain commlssurss,

Moreover, Elephantulus occuples a unique positiomn in
mammallian classification, a position that is not yet
finally settled. Older systematists grouped the family
Macroscelididas, to which Elephantulus belongs, with the

family Tupalidae to form the sub-order Menotyphla, as



distinct from the Lipotyphla, which included the rest of
the Insectivorae. ILE GROS CLARK (1934) demonstrated the
many polnts of similarity between the Tupaiidae and the
smaller Primatess however, he denied a similar position to
the Macroscelldidae since he regarded their hlppocampal
development as evidence of marked speclalizatione

More recently EVANS (1942) has reasserted the close
relationship be tween the Macroscelldidae and Tupalidse,

and has shown that the former have almost all of the lemuroild
features found iIn Tupala, Studles on the morpholegy and
embryology of Elephantulus carrled out in this University
have emphasised the close relationshlp between Elephantulus
and Primates: VAN DER HORST and GILIMAN (1941), for
instance, have described the elaborate menstruation in the
elephant shrew. As HUXLEY (1941) has pointed out, in the
early stages of evolution of different groups, considerable
variability of form is to be expscted, and it 1s 1likely
that Elephantulus écoupies a position closer to the Primate
stem of evolution than 1s generally admitted. In sny
event, comparison of structural features be tween

Elephantulus and Primates 1s justified,

On the other hand, Elephantulus exhlblts many
markedly primitive features. In a detalled study of the
cell-masses of the telencephalon, WRIGHT (1945) showed

clearly the similarity between Elsphantulus and other



primitive metatherlan and eutherian forms. This affinity
was found as well by GILBERT (1944)‘in ?er$study of the
embryology of the venous system of ths&shrew, and has been
lent further support by the chromosomal studies of

BRENNER (1946).

In this study, the close relationship between
Elephantulus and other primitive mammelian forms has been
readlly confirmeds The brain of Elephantulus 1s, on the
whole, very similar in structure to brains of not only
primitive placental mammals, e.g. the Edentate Tatusla,
but also of the marsupials Didelphys and Trichosuni?éa
Many features of thalamic morphology 1in Elephantulus are
undoﬁbtedly primitive: the relatively small size of the
dorsal lateral geniéulata and ventral nuclei, the large
area of midline nuclel, end the lack of emphasis upon
cerebral projection in particular,. These considerations
make Elephantulus speclally valuable 1ln comparative
studies as a link between‘ﬁubmammalian and marmmalian forms.
Armed with detailed knowledge of thalamic structure in
Elephantulus one can turn to the thalamus of Reptiles
wlith new Insights

General nuclear configuration and relations in the mammallan
thalamus.

The mammalian thalamus conforms to a pattern of structure as



reflscted in the disposition of the nuclear masses and
related systems of fibres. The various nuclel have
constant general relations, although they vary considerably
in details of size and structure from one speciles to
anothere. Two main groups of nuclel may be recogniéed,

namely, the principal nuclei and intralaminar nuclei,

The principal nucleil are usually well-defined, having
a more or less uniform structure, and delimlited by the
surrounding fibre condensations or medullary laminaes
Of the principal nuclei, ventral, lateral, anterior amd
medlal dorsal complexes are recognised, according to their
position in the thalamuse. The relations of the principle
nuclel to the systems of flbres in the thalamus is on
the whole well-kmown from experimental iInvestigationsas
These experiments, carried out on primates, carnivores,
rodents and even marsupials, have established a simllar
arrangement, so it 1s reasonable to assume that a single
pattern of organlzation is present through the class of

mammals,.

The second group, the intralamlnar nuclei 1s
represented by cells of various types, often closely

packed, small and fusiform, within the medullary laminaea



In some cases the cells of the intraliminar nuclel comprise
the peripheral zones of the adjacent principal nuclel,
thelr appearance being modified by the fibres which are
interwoven in their substance. The precise relation of the
intralaminar nucleil to the systems of fibres in which they

are embedded 1s obscure.

Broadly speaking, four categories of nuclear
organization may be distingulshed 1in the thalamuse
Nuclel in the first series recelve connections from and send
axons to other parts of the dlencephalon, midbrain or the
basal areas of the telencephalon, but have no cerebral
projections. The midline nuclel afe included in this
complex,-since they are most intimately related to the
hypothalamus through the periventricular system. The
habenular nucleil may be_included, since they recelve fibres
from the stria medullar&s and send axons, by way of the
habenulo~peduncular tract, to the tegmentum. The pretectal
and venfré& lateral geniéulate nuclel are included too,
although they receive special sensory fibres direct from
the optic tract;y because their relays pass to the tectum

and tegmentum, not to the cerebral cortex.

The second serles is represented by the anterior
nuclear group, which receives afferent connections from the

hypothalamus and basal areas of the telencephalon and



projects fibres to the retrosplenial and cingular areas of
cerebral cortex. In.primates this projection arises predomi:
antly from the anteroventral nucleus which is, consequently,
very much longer than the anterodorsal and anteromedial

nuclei.

The thlrd series of nucleil receives the maln sensory
tracts and sends relay fibres direct to the cerebral cortex.
This series comprises three main seté of nuclei: the
ventral nuclear complex, concerned mainly with somatlic
sensation, the dorsal lateral geniculate nucleus, concerned
entirely with vislion, and the medial geniculate nucleus,
concerned with auditione. The ventral nucleus ls the relay-
centre for all somatosensory fibres in the lemnisci‘and
for fibres passing from the cerebellum through.the brachium
conjunctivume. As the Importance of cerebral projection
of these lmpulses increases as one ascends the scale of
mewmmals towards the highser primates and man, so the ventral
nucleus becomes relatively largervand.more differeht;atedo
In the primates - and to a lesser extent in other g£§§;23 -
several divisions of the ventral nucleus may be recognised:
the most Important of these are the ventral posterior nucléu:
which receives somatosensory fibres and projects them to the
sensory cortex of the postcenfral gyrus, and the ventral

lateral nucleus, which receives the cerebellar fibres and

sends precjections to the precentral motor cortexe.



The dorsal lateral geniculate body receives terminal
fibres of the optlc tract and projects through the optlc
radiations to the striate area of cerebral cortexe. Where
cerebral projection of visual impulses is Important, as in
primates, the ventral lateral genlculate nucleus ls small,
while the dorsal nucleus is greatly developed and has its
cells disposed in concentric laminae. The medial geniculate
nucleus receives auditory fibres through the brachlum of the
superior colliculus and the lateral lemniscus, and relays
them on through the audlitory radiations to the temporal

cortexs

The fourth series of nuclei receives impulses from the
maln sensory stations just described and prejecis to the
cerebral assoclatlion areas; these, are the lateral, lateral
posterior or pulviﬂ%f, and medial dorsal nuclei.  Axons of
the lateral complex términate in the parietal assoclation
cortex, The medial dorsal nucleus has a double projection:
the medial part of the nucleus relays fibres to the visceral
areas of the frontal corlex; the rest of the nucleus to the
frontal assoclation areas, In primates, and most of all in
man, where the association areas are much expanded, there 1is
a correspondlng enlargement of the lateral nuclear complex

and princlpal part of the medial dorsal nucleus.

These main categories of nuclel have been distinguished



in éll mammals, placental and non-placental, so far subjected
to detalled analysis. They may be combined in various ways:
in primitive memmals like the marsupial Didelphys, the
insectivore Erinaceus, and the edentate Tatusia, the fourth
serles 1s hardly represented at all whlle the third series
is only moderately developed; 1n primates the fourth

and third series are enormously enlarged, and so ons Thus;
in analysing any mammélian thalamus, it is necessary first
of all to recognise the several nuclel as they are dlsposed
in the particular specles under conslderation, and then to
assess the degree of development of the various nuclear
groupss This 1s done for Elephantulus in the following

pagess



MATERIAL AND METHODS.

On the interpretation of neurologlical material, wlth speclal

reference to the thalamuse

A1l nervous activity may ultimately be reduced to a
least common denominator, the herve impulse, which varies
in 1tself and which is woven into a complex and intricate
pettern In the central nervous systems In this pattern of
activity, differences In arrangement or organization of
impulses produce widely different results, Thus, in the
nervous system one must study not only the general principles
according to which cells are arranged and interconnected
- common to muscles, glands and so on as well -~ but also the

patterns of orgenization of neurons.

Nervous activity depends upon, first, a certalin degree
of Independence and preservation of structural and
functional individuality of nerve cells; second, upon
variance in the types‘and reactivities in different
cells; and third, upon variance in modes of reciprocal
relationships of nerve cells. O©Of these three prerequlisites,
the latter two are amenable to direct anatomlcal study: we
can pick upon variances in cells, even though our crude
techniques may not reveal anything like the delicate

variations in reactivity which must be present in ths living

bt

active, nervous tissue; and we can determine, at least



to an extent, the reciprocal relationships exlsting
vetween different areas of cells in the central nervous

sys tem.

Because of their structural pecullarity in having
greatly elongated processes, neurons in widely separated
areas in the central nervous system can be relate%to one
anothere. Thus, study of nervous activity resolves
itself into a study of tracts and thelr origins from, and
endings in, groups of cell-bodies. This is in some
cases relatively easy; areas of the braln having segmental
connections, 1.e., in the spinal cord, medulla and parts
of the midbraln, are on the whole clearly demarcated and
consist of neurons of fairly characteristic types Thus,
it is easy enough to distingulsh a dorsal from an
Intermediolateral or ventral horn of the spinal cord, or a
sensory from motor trigeminal nucleus« This 1ls in keeping
with the physiological finding of somatotoplc localization

in the segmental centres. \

+

In the forebrain the situation is far mors complex.
Together with increased functlonal differentiation of these
suprasegmental parts of the brain in evolution has gone the

development of a very elaborate organization of neurons.



There 1s no somatotopic localizations 0ften the neurons
are more or less diffusely arranged. It is the difficult
task of the anatomist to get some 1dea of the structural
relationships in these areass to sort out the neurons

and group cell-bodies together where they have common
features into small divisions or cell-masses; and then to
determine the connections of such masses with other areas

of the brain through thelr projections 1in various fibre-tract

In the telencephalon this grouping of cell bodles 1is
usually obviouss: thus cells of a certaln type may clearly
constituté a single large area of hippocampus, or a
layer of cerebral cortex or olfactory bulb. But in the
thalamus this problem is most acute, The observer is
faced with a very large area of cell-bodies and fibres,
showing only rarely characteristic structural features
which at once differentliate them from their surroundingss
Under these condltions the observer must make full use of
every possible criterion of separatlon of cellse
Differences in slze, shape and intensity of stalning of
neurons are sought first, Quite as Important as these
are differences in myeloarchitecture: differences in
arrangement and intensity of staining of fibres in
different areass In material prepared by a standard
myelin technique some of the cell-masses which were only

poorly differentiable when cell-bodles were studied alone



are clearly outlined, either because of the rich plexus

of medullated flbres in them, or because they remain
unstained and skirted by fibres. All these criteria must
be used in combination and rigorously applied, as they

have been in this dissertations

When 1t 1s possible to employ 1it, the experlmental
method is an invaluable supplement to anatomical
investigation on normal material., In the thalamus,
‘retrograde degeneration in thalamic nuclei following upon
localized experimental lesions in the cerebral cortex has
recently served to refine considerably the results of
previous Investigations. Whet 1s more, this experimental
work has shown the Jjustification of minute areal subdivision
of the thalamus intc a large number of cell-masses: each
of these cell-masses or nuclel has a characteristic
projection to a brain area that in its turn, can be
defined on objectlve anatomical and physiological criteria.
Thus the medlal dorsal nucleus projects to area 8 of the
frontal cortex, and the medial geniculate nucleus to the
auditory cortexe Indeed, differeﬁt parts of one nucleus
project to different reglons: the ventral posterior
nucleus projects to the sensory cortex of the postcentral

area, the ventral lateral nucleus to the motor cortex of the



precentral area. Unfortunately, no experimental work
on Elephantulus has been possible, but this study has
been conducted at least armed with the results of previous

experimental Investigations.

When grouping fibre projections together, considerable
difficultles are encountered. Sometimes, as in the fornix
and optic tract, compact bundles of fibres occur, to which
the term "tract®™ is readily applied. But such cases are
exceptional - iﬁ the forebrain: more usually series of
diffuse connections are found. It has been customary
to subdivide commections in as detailed a manner as
possible into a leglon of small tracts. Often the wood
cannot be seen for the trees:; because of the detalled
accounts the general features of structure and relations
are missed, It seems most satisfactory, in order to
analyse and describe such connections, to consider them as
systems of fibres, each system forming a whole, related in a
particular way to other systems and having components
from a number of different sources. Thus; the stria
medullarlis and medial forebrain bundle systems overlap in
their origins from the basal areas of the telencephalon,
though thelr later courses are distinct, There is at
present no anatomical or physiological justification for

further splitting of the several systemsa



Material and Methods used 1n this study:

For the purposes of gross dissection and examination
under a binocuigr micrpﬁgope formalin fixed brains of
Elephantui;i?;:;é&;;Z;i;gle.
i

- For the microscoplical study, seven sets of serial
sections were usedes They were prepared In the department
from fresh brains as follows:

3 formalin-fixed, paraffin-embedded brains were

sectioned 1n three planes at 20 p and stained

with cresyl violet to display the cell masses;

2 formalin-fixed, paraffin-embedded brains were
sectioned transversely and horizontally at 20 u,
and stained with Wells!'! technique for myelineted
fibres;

and 2 brains were impregnated with silver by the modified
method of Rasmussen described by Wright (1945), embedded

in paraffin, and cut transversely and horizontally at 20 P

These geries of sectlions were the best of much
Elephantulus material avallable in the department and showed

well the conformation of the cell masses and fibres.

In these sections the thalamic nuclei were for the
most part reasonsbly well-defined. In doubtful cases,

reference to flbre connections often helped to delineate



more precisely the boundaries of individual cell masses,

The material was unfavourable for detalled cytologlcal
study, but differences in cell size, shape and intensity
of staining were manifest and were used as criteria for
separating the various masses. It was found most
difficult to determine with any precision the origin and
termination of any but the most well-defined fibre
systems, and the conclusions reached are only tentatlively
offered for consideration in the absence of experimental

confirmation.

In the drawings, outlines of the sectlons were
prepared with the ald of a Seltz projection apparatus
and the structural detail filled in from sections under
the microscopes An attempt was made to preserve in the
illustrations some of the cytoarchitectural and
myeloarchitectural features of the sections, but the
representations are necessarily somewhat dlagrammatic.
Drawings of the fibre tracts were made from projected
outlines, with detalls filled in from sectlions prepared by

the Well and silver pyridine techniquese.

Complete sets of drawings of transverse sections of
cell masses and fibre tracts appear in the plates,
together with a series of drawings of horlzontsl sections

showing cell masses.



In the description which follows, the relations of
the cell masses and fibre systems will be given only in
outline sgince much of the detall of these relationships

will be 1llustrated by the several flgures.



GROSS MORPHOLCCY OF THE DIENCEPHAION.

The general anatomical relationships of the
base of the diencephalon are shown in plate 1, fig.2.
Rostrally the diencephalon jolns the preoptic region
(MePR.R.) and its large lateral condensation, the olfactory
(T.0LF«). The prominent optic tracts (TR.QF) enclose the
tuber cinereum (T.SIN) as they diverge at a wide angle
behind the chiasma (0.CH) and pass dorsolaterally between
the amygdala (AMYC) and diencephsalon. The memmillary
bodies (MAM.R.) appear as slight bilateral elevations
on the braln base; they are replaced caudally by the

tegmentum of the mid-brain,

The optlc tracts course dorsally round the
lateral aspect of the diencephalon, passing a small but
distincet elevation, the medial geniculate body (M.GEN.,
figs 3), and so fan out thereafter over the posterior
aspect of the large lateral geniculate body (L.GEN.)s
Some fibres pass under the prominent anterior colliculus
(A.C0L.)s The posterior colliculus (P.COL.) is very

mach smaller than the anterior colliculuss

Rostral to the pineal body (PIN.) on the



Fal

dorsal sids of the dlencephalon the distinct strise

. STR. . .
medullares (#R%.MED.) converge on the uabq%ula'(hAB;);
they separate medial elevations on the dorsal surface of
the thalamus, sometimes termed the anbterior tubercles

but not comparable to these bodles in primates, from

less promlinent lateral elevatlonse

The lateral forebrain bundle (l.CAPS) appsars s a
large group of fibres between striatum and diencephalons
Over the dorsal surface of the lateral forebrain bundle
passes the stria bterminalls (STR. TERM), dipping down %o
the amygdala caudally and reaching ihe preoptlic region
rostrally, The stria terminalis marks the lateral limit

of the dorsal thalamus.

Further back the mid-brain overlies the candoventral
extremity of the diencephalons The dorsal thalamus
reaches relatively further forward in Elephantulus than
in other mammals on account of the large size of the
pretectal nucleus and tectums the lateral geniculats
muclel, éonsequently, appear in the same plane of tranaverseé

gsection as the optic chliasmas

In plate l. fig. 1, a drawlng of a saggi;al section
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the massa intermedia (M.INT.) is indicated. It divides
the third ventricle (Vlll) into dorsal and ventral parts
hehind the foramen of Monro (FOR .MON.) The ventral
division of the ventricle has well-defined preoptic (PR.R.)
and hypophysial (HYP.R.) recesses. The pineal recess of

the dorsal division of the ventricle is also large.



MICROSCOPICAL STRUCTURE OF THE THALAMUS .

The thalamus of Elephantulus has typical mammalian
structural relationss It occuples the entire dorsal
area of the diencephalon, lying between the telencephalon

onn the one hand and the braln-stem on the othera

The thalamus has the following detailed relationss
It 1s contimious rostroventrally and rostrolaterslly with
the preoptic region of the basal telencephalon. The
ventral neighbour of the thalamus along the greater part
of its extent 1s the hypothalamuss Dorsally, the
thalamis forms part of the free surface of the braine
Laterslly, the thalamus lies medlal to the basal ganglla
and internal capsule at its rastrél exbremity, while
further back it is Sounded by the optic tracts Caudally
the thalamus is conbtlnuous with the tectum, and
caundoventrally with the tegmenbtum, of tﬁe mid~bralns
Medially the thalami of the two sides are fused together

for the greater part of thelir extent, forming a large

massa inbsrmedia.

Over the dorsal surface of the thalamus lies & thin
fibre layer, the stratum zonale. A fine sheath of
fibres, the Internal wmedullary lamlina, runs ventromedially

from this stratum and divides the thalamus into separate



parts or groups of cell masses. Some of the cell masses
lie within the medullary lamina and are, consequently,
designated ™intralaminar.® The external medullary lamina
is a sheet of white matter near the lateral surface of

the thalamus parsalleling the intsrnal capsule and

continuous ventromedially with the ventral medullary laminae
The latter separates the dorsal thalamus from the subjacent

subthalamusg

It is usual in descriptions to distingulsh a series of
nuclear groups, each of which has a characteristic position

in the dorsal thalamus. The habenular group lies

dorsomedially in the diencephalon, the anterior group in

the rostral part of the thalamus, the midline group In the

massa intermedia, the medial group within the limits of the

internal medullary lamina, the ventral and lateral group

betwsen the internal and external medullary laminae, and

the geniculate and pretectal nuclei form a posterior group

lying outslde the external medullary lamina in the lateral
and caudal areas of the thalamise These groups Are used
in this dissertation chiefly to facilitate description;
they are not intended to indicate necessary structural or
functional affinities between the several nuclel in each

groups



Bell Masses of the dorsal thalamusa~mw~4%£{

Pineal Bodye

The pineal body (PIN, figs. 13 and 14, 23, 33 and 34)
lies in a plane slightly caudal to ths habenular nuClei,
above the habenular and posterior commlssures. It appears
in sections as a rounded, compact mass of ihtensely

staining cells.

Isolated bundles of fibres from the habenular and
posterior commissures enter the pineal body: 'soma, after a
short aberrant course in the pineal tissue re join the main
bodies of commlssural fibres; others appear to divide and

end in small loops and bulbs among the pineal cells.

Habenular groupe.

Classically, the habenuiar nuclel are grouped together
wilth the pineal body to form a distinct subdivision of
the diencephalon, the epithalamus.’ This subdivision seems
unsatisfactory since it falls to recognise the close
relationship that undoubtedly exists between the habenular
and other thalamic nuclei and since it includes in the same
complex structures so morphologically and physiologically
different as the habenula and pineal bodye. In this

dissertation the term "epithalamus® 1s ebandoned and the



habenular nuclel are treated as a separate dorsal thalamic
nuclear group, lying in the most dorsal and medial region

of the dilencephalons

Medial habenular nucleus, (N.HAR.M., figs. 5-11 and 22):

This nucleus is a prominent mass of small, deeply basophllic
cells situated immedletely under the ependyma of the third
ventricle. The nucleus is related, in particular, medlially
to the paraventricular nuclel, laterally to the parat&é%ial
nucleus, and, further caudally, to the scattered cells

above the medial dorsal nucleus; ventrolaterally it Jjoins

the more widely spaced cells of the lateral habenular nucleus.

The medial habenular nucleus is intimately related
along the whole of 1ts length to the stria medullaris,
fromVWhich it recelves fibres. The nucleus appears to
cohtribute elements to the habenular commlssure which is

situated immediately above 1its caudal exbtremity.

Lateral habenular nucleus, (N.HABsL., figse. 7-11 and 22):

This nucleus, because of the scattered arrangement of its
medium sized cells, 1s less conspicuous than its medlal
companion. The lateral habenular nucleus is heterogeneous

and divisible into a serles of smaller groups of cells,

each with a characteristic small or large cell type, as



MARBURG (1944) has found in the corresponding nucleus in

human materials

On its dorsal side the lateral habenular nucleus is
related to the stria medullaris, ventrally to the medial

dorsal nucleus,and laterally to the lateral central nucleuss

Both habenular nuclel appear to receive fibres from
the stria medullaris and to contribute elements to the
habenular commlssure. Many finely myelinated fibres leave
the substance of the nuclel and converge to become the
habenulo—peduncuiar tracts Of the fine, diffuse connectlons
between the habenula and related cell masses, those with
the medial dorsal nucleus, tectum and posterior

paraventricular nucleus are the best defineds

Anterior Nuclear Groupae

The anterior nuclear group in Elephantulus is large
and occuples the greater part of the rostral pole of the
dorsal thalamus. It comprises the three elements
recognised by most authors =- anterodorsai, anteroventral
and anteromedial nuclei. The relative size and
relations of the three nuclel differ apprecilably from those
observed in most mammals, resembling most nearly the

situation described by LE GROS CLARK (1929a) in Macroscelides.



Anterodorsal nucleus (N.AD., figs 4~9, 18-20)3 This

nucleus shows relatlively most development of the anterior
nuclei. It occupies a considerable area and is characterised
by the large slze, angular shape and deep stalining of its

neuronse

%

It appears in transverse sectlons at the level of the
caudal extremity of the anterlor commissures as these
sections are followed caudally, the nucleus rapidly assumes
a rounded and then an oval shape, reaching to the dorsal
surface of the diencephalon adjacent to the stria médullaris.
Ventrolaterally the nucleus is bounded by the fornix. Furthe:
caudeally, trliangular areas free of cells lie on the medial
sides of the bilateral anterodorsal nuclel and, about the
level of the optic chiasma, a thick, well-defined, medullated
bundle of fibres crosses the midline between the nuclei,

forming an extensive interanterodorsal commissure,

(CO.I.AD., fige 28)e

The small mass of spindlemshaped,éells horizontally
disposed in the region of this decussation has been

termed the interanterodorsal nucleus, (N.I.A.D., fig.7):




it appears to be a differentiation of midline elements
produced by the commissural fibres below the rhomboild

nucleuss

Further caudally, the anterodorsal nucleus does not
reach the dorsal surface of the thalamus, and at this
level a triangular condensation of relatively small cells
lies on the dorsolateral extremity of the nuc leus. As
transverse sections are followed in a caudal direction,
the anterodorsal nucleus becomes wedge~-shaped and diminishes
in size until, at the level of the caudal limit of the
optic chlasma, the nucleus is represented by only a few

large cells scattered about the memmillo~thalamic tracts

The anterodorsal nucleus at about the level of the
interanterodorsal commissure is pilerced by numerous
bundles of fibres from the mammillo-thalamic, lateral
preoptico~habenular and lateral cortico-habenular tracts;
many of these flbres join the thilck network of finely
medullated flbres present throughout the anterodorsal
nucleuss, Other bundles from the lateral cortico=-
habenular tract pass through the nucleus to Join. the stria
medullaris which lies superjacent to 1its There are

strong indications that at least some of the fibres from



these several tracts end in the anterodorsal nucleus 1tself;
some cross In the interanterodorsal commissure, It is
likely,too, that flbres from the anterodorsal nucleus are

contributed to the strlia medullarisy

Anteromedial nucleus (N.A«M., figs. 4~8, 16 and 17): At

its rostral extremlty, the anteromedial nucleus appears

in transverse sections as a prominent, triangular mass of
large, deeply~stained cells lying beside the dorsal tip of
the preoptic recess of the third ventricle, above the
fornix and anterior commissure. More caudally, the
nucleus extends in a lateral direction as far as does

the anterodorsal nucleuse

At this level, and further csudally, there is in the
anteromedial nucleus a well defined mass of smaller cells
dorsal and medial to the large cells already described.
This mass of small cells fuses with its fellow of the

opposlite side, formlng a robust interanteromedial nucleus

(NeI.AM., f1gs6) in the midline below the interanterodorsal
commissure, The cells of the interanteromedial nucleus

are for the most part small and similar to those of the
adjacent mldline nuclel. Consequently, clear separation

of the Individual cell masses is not possible in this

regione



Further caudally, a triangular mass of large cells 1s
detached from the main body of the anteromedial nucleus;
as transverse sections are followed in a caudal direction
this trilangular mass sinks'ventrally and eventually jolins
the large cells of the paraventricular hypothalamic nucleuse
By means of this cellular link, the paraventricular nucleus
is continuous with the anteromedial nucleus, and this is,

in turn, continuous with the anterodorsal nucleuss

The maln body of the anteromedial nucleus continues
caudally as far as the posterlor extremity of the optic

chiasmas

The lateral side of the nucleus 1s pierced by bundles
of fibres of the lateral cortico~habenular tract and the
superior thalamic radiations, and small fascicull of fibres
converge at the ventrolateral extremity of the nucleus
to form the clrcumscribed mammillo-thalamic tracts The
anteromedial nucleus is relatively free of myelinated
fibres, It recelves fi%% contributions from the anterior
periventricular system, Including a distinct fascicle from
the paraventricular nucleus of the hypothalamus. The
anteromedial nucleus receives some fibres of the thalamic

radiations, and fibres from the preoptic region as far



laterally as the pyriform cortex. Many fibres of the
mammillo-thalamic tract appear to terminate in the

nuclesuss

Anteroventral nucleus (N.A.V., figs. 5 and 6, 15): This
is the smallest of the anterior nuclel. It appears in
transverse sections as a rounded mass of multipolar cells
of medium size, lying in the angle between anterodorsal
and anteromedial nuclel, Further caudally the antero-
ventral nucleus assumes a more triangular Shape,»gpd the
medial angle fuses with the midline elements iIn this reglon.
The anteroventral nucleus becomes rapidly smaller as
t?ansverse éections are traced iIn a posterior direction;
the nucleus 1s replaced caudally by the intramedullary
nuclei which form its ventrolatersl boundarft%hich

separate it from the reticular nucleuse

The only well-defined connections of the small
anteroventral nucleus are with the telencephalon through

the thalamic radlationse.

Midline Nuclear Groups

In Elephantulus there 1s a considerable area of

fusion in the midline of the thalami of the two sidess



In the large massa intermedla so formed lies a series of
unpalred cell masses, which together f®6m the midline
nuclear groups These cell masses have small neurons of
periventricular type and are in all propability
functionally allied to the periventricular systeme In
addition, they serve to relate the bilateral thalaml by

means of commissural comectionss

Anterior paraventricular nucleus (N.PAV.A., figs. 4=5,

16-21) 2 This condensation of midline elements lies below
the third ventrlcle in the rostral diencephalon,
separated from the adjacent medlal group of nuclel by the
periventricular system of fibres. It is related in turn
to the medial division of the parataenisl nucleus and to
the medial dorsal nucleus, Ventrally it is continuous
with the rhomboid nucleus and caudally, at the level of

the habenula, with the posterior paraventricular nucleus.

The fine fibre connectlons of the anterior
paraventricular nuclsus appear to be for the most part

with the anterlor periventrlicular systems

Posterior paraventricular nucleus (N.PAV.P., figs. 6-12,

22): This nucleus replaces the anterior paraventricular
nucleus caudally and is iteself replaced at the level of

the posterlor commlssure by the central grey surrounding



the cerebral aqueduct, The nucleus forms a lamina of .
small cells below the ventricle, closely associated with
the periventricular system. ° The most important lateral
relations of the nucleus are the posterior extremities of
the medial habenular and medlal dorsal nuclel and,

more caudally, the pretectal nucleus.

The only well-defined connections of the posterior
paraventrlicular nuclsus are with the posterior peri=-
ventricular system: many of these fibres pass down into

the midbrain as the dorsal longitudinal bundle.

Rhomboid nucleus (N.RH., figs. 5~9, 19 and 20)s This

nucleus 1s a condensation of midline cells ventral to the
anterior paraventricular nucleus and dorsal to the
Interanteromedial and central nuclei. It lies between
the medial dorsal nuclel on either side, and at 1ts level
of greatest development has in transverse sectlons the
éppearance of a diamond, with lateral extensions in the
angles between the bilateral medlal dorsal and antero-
dorsal nuclel. Above and behind the interanterodorsal
commissure, the rhombold nucleus 1s more trlangular in
shape, with its apex limlted dorsally by the intermedio~
dorsal nucleus and its broad base jolning the central

nucleuse The rhomboid nucleus 1s replaced by the central



nucleus caudallye.

The only clear connections of the rhomboid nucleus

are commissural,

Central medial nucleus (N.CENTM.,figs.9~11, 16-20)s: This

nucleus is a conspicuous mass of cells, lying in the

midline from the caudal extremity of the Interanteromedial
nucleus to the level of the habenular commissure.  The
central medial nucleus fuses laterally with the paracentral
nucleuse. Dorsally it is related in turn to the inter-
anteromedial nucleus, the rhomboild nucleus and the medial
dorsal nuclel; ventrally it ls separated by periventricular

Fibres from the nucleus submediuse

The only reasonably distinct connections of the
central medial nucleus are with the hypothalamus by way of

the periventricular systeme.

Nucleus reuniens(N.REU., figs.8-11, 16 and 17)¢ The

nucleus reuniens ls distinguished by the loose arrangement
of its cells from the central medlal nucleus which lies
superjacent to it. Rostrally, the nucleus reunlens lies
bétween the anterior poles of the ventral nuclei;

caudally 1t fuses with the interventral nue leus .



The nucleus reunilens appears to receive fine flbres
from the hypothalamus, and is associated with some small

bundles of the inferior thalamlc radiations.

Medlal Nuclear Groupe.

The nuclel of the medlal group lie wilthin the regilon
of the internal medullary lamina or between the internal
medullary lamina and the midline group, with which they
are for the mostrpart closely related. The medial group
comprises the parataenial, medial dorsal, submedlus,
paracentral, cent%al lateral, parafascicular,
subparafascicular snd medial veptral nuclei,and the

centrum medianume.

Perataenial nucleus (N.PAT., figs. 4 and 5, 20 and 21)3

This is a column of mixed smailyand medium~slized cells

in the rostral thalamus, immedlately ventromedlal to the
strias medullaris. Its caudal extremity joins the lateral
habenular nucleus and extends over the dorsolatersl siae
of the medial dorsal nucleus. The nucleus is clearly
divisivle into a lateral more scattered part with
relatively large cells and a medial compact part which 1s
closely related to the anterior paraventricular nucleuss
The band of cells crossing the midline in this reglon 1is

distinguished by some authors as the Interparataenial.

nucleuses (NoI« PAT., fige5)s



The parataenial nucleus receives fine fibres from the
midline and has very fine connectlons with the medial

dorsal nucleuss

Medial dorsal nmacleus (N.M.D., figs 6-11, 20 and 21):

This nucleus 1s a cigar-shaped mass of cells of medium
size replacing the parataenial nucleus caudally. It is
very intimately related to the anterior paraventriculer
nucleus, énd at one level a mass of medial dorsal cells
extends across the midlines thils corresponds to the

intermedicdorsal nucleus (N.I.M.D., figs. 8 and 21) of

other authorse

The medial dorsal nucleus is related in turn on its
ventrolateral side to the anterodorsal, paracentral and
lateral central nuclel. The nucleus extends from the
rostrai third of the diencephalon to the level of the
posterior commissure, where it is replaced by the

perafascicular nucleus,

The medlal dorsal nucleus of Elephantulus appesars to
correspond to the medial part of the corresponding nucleus
recognised in Primates by WALKER (1940) and others. 1In
the medial dorsal nucleus of Elephantulus there are to be

found, however, the thres subdivisions described in other



mammsals, a princlpal part, a dorsolateral part and a
ventral part. The principal part 1is composed of cells of
medium size in a thick metrix of fibres; the dorsoclateral
part has small cells In relation to the parataenlal and
habenular nuclel, and the ventrsal div;sion large cells

in relation to the anterior, paracentral and parafasicular

nucleil,

The only well=defined connections of the medial
dorsal nucleus are wlth the superior thalamic radlationse.
Fine fibres relate the nucleus to the adjacent thalamic

cell massese.

Nucleus submedius (N.SUBM., figs. 10 and 11, 18.): This

nucleus is ovoid in transverse section and lies bhelow

the paracentral nucleus and internal medullary lamina

and lateral to the central medial nucleus. Ventro-
laterally it is bounded by the medial ventral and ventral
nuclei. The submedius nucleus has mostly small scattered

cells with little chromidial substsnce and small nuclei.

The only well-defined comnections of the submedius
nucleus appear to be with the adjacent midline and

intralaminar systemss



Paracentral nucleus (N.PAC., figs. 9-11, 18 and 19):

This nucleus is a lateral extension of the central medlal
nucleus, from which 1t is not clearly distingulshables

It is a group of small, deeply stalning, spindle-shaped
cells arranged with thelr long axes horlzontally in the
internal medullary lamlna. The paracentral nucleus at
its level of greatest development 1s triangular in cross
section, with 1ts base connected with the central medial
nucleus and its apex contlnuous with the lateresl central
nucleus . Dorsally the paracentral nucleus 1s related to
the large cells of the medial dorsal nucleus, ventrally
to the nucleus submedius. Caudally the paracentral
nucleus 1s repleced by the lighter stained cells of the
centrum medianum. Connectlons from widely separated
thalamlc nucleil pass In the Internal medullary iamina
through the paracentral nucleus, but most of these appear
to be fibres of passages From the paracentral nucleus a
ring of fine fibres passes round the inner and ventral
surface of the medlal-dorsal nucleus; other fibres pass

to the lateral and ventral nuclei.

At least some of the axons in the paracentral nucleus

are commissural.



Lateral central nucleus (N.CENT.L., figs. 7-10, 20 and 21):

This intralaminar nucleus is crescentic in section
and closely applied to the ventrolateral and lateral
border of the medial dorsal nucleus, which 1t separates
from the lateral and ventral nuclear masses. ‘Rostrally
and dorsally the lateral central nucleus adjoiné the
anterior nuclel; ventromedially it 1s continuous with
the paracentral nucleus. The cells of the lateral central
nucleus are for the most part small, falrly deeply stalned,

and fusiform or polygonal in shapes

The chief connections of the latersl central nucleus
are in the iInternal medullary lamina,and their origin

and termination is Indeterminates

Parafascicular nucleus (N.PAF., figs. 12 and 13, 19-21):

This is the most caudal of the medial nuclei. It is
continuous at its rostral extremlty with the similar but
more widely spaced cells of the medial dorsal nucleuss
Medially, the billateral parafasclcular nuclel fuse to form

what might be described as an lInterparafascicular nucleus

(N.I.PAF., figs. 12 and 21.) 1In cross section, the
parafascicular nucleus has typically a triangular shape
and 1s plerced by the hebenulo-peduncular tract,

Taterally, the parafascicular nucleus i1s continuous with the



centrum medianume

Besides more diffuse connections with the neighbourling
cell masses, the parafasclcular nucleus receives fibres

from the thalamic radiations and from the tectume

Subparafascicular nucleus (N.S.PAF., figs. 14 and 18):

This small nucleus lles caudal and ventral to the
parafascicular nucleus. Medlally, 1t is related to the
periventricular gray and the habenulo-peduncular tract;
laterally it is adjacent to the ventral and interventral
nucleis It consists of small fusiform or angular cells

with 1little chromldial substances

The subparafasclcular nucleus appears to have short
connections wilth the adjacent thalemic and tectal cell

massesa

Centrum medianum (N.C .M., figs. 13 and 20): The centrum

medianum is relatively small in Elephantuluse. It
replaces the lateral central nucleus caudally, and forms
a thin lamina lateral to the parafascicular nucleus and
between the ventral and pretectal nuclei. The centrum
medisnum extends laterally towards the lateral posterior
nucleus and 1is distingulshed from the related cell masses
by the relatively small size and pale staining of 1ts

nauronsSe



The connections of the centrum were not determinate

in the normal material examineds

Medial ventral nucleus (N.M.V., figs. 9-12, 17 and 18):

Thls nucleus replaces the Interanteromedlial nucleus
caudallys The medial ventral nucleus lies below the
submedius nucleus and internal medullary lamina, latersl to
the central medlal pucleus, Ventrolaterally it is
béunded by the mammillo-thalamic tract and laterally by the
ventral nucleus. It is composéd for the most part of

small and medium-sized, moderately well-stalned cells.

The main connections of the medial ventral nucleus
appear to be wlth the midline and intralaminar elements.
Some fibres of the inferlor thalamic radiations are
distributed to the medial ventral nucleus.

Lateral and ventral nuclele.

These nuclei lie in the lateral and ventral areas of
the dorsal thalamus, where they are intimately related.
The lateral nuclear group comprises the lateral nucleus
proper, the lateral posterior nucleus and the reticular

nucleuss

Lateral nucleus (N.L., figs. 5-11, 20-22)s This nucleus

appears In transverse sections about the same level as the



habernular nucleil as a rounded mass of medium-sized cells
arranged regularly in a fibre~fre#§atrix lying lateral to
the lateral central nucleus. The lateral nucleus is
related ventrolaterally to the bed nucleus of the stria
terminalis and ventromedially to the anterior nuclei;

more caudally, the nuclei of the lateral geniculate body
and the retlcular nucleus are conslstent lateral relations

of the latersl nucleuse

The ventral area of the lateral ﬁucleus, plerced by
fibre bundles of the thalamic radiations, is distinguishable
from the rest of the nucleus by reason of its larger, |
somewhat more anguiar, cells, This area appears to
correspond to the nucleus lateralls A of IE GR0S CLARK
(1929), and 1s contlnuous with the ventral nucleus. The
rest of the nucleus (nucleus lateralis RB) has more

numerous and smaller cellss

Caudolaterally, the lateral nucleus is continuous
wlth the lateral posterior nucleus; caudomedially 1t is
replaced by the pretectal nucleus. The lateral nucleus
recelves flbres from the superior thalamic radiations,
and has fibre interchanges with the ventral nucleus, the

pretectal nucleus and the intralaminar nuclel,



Lateral posterior nucleus (N.L.P., figs. 12-15, 20-22):

Thls nucleus replaces the lateral nucleus caudeal to the
habenular commlssuree. It forms a broad band of angular,
moderately deeply-stained cells from this reglon to the
medial geniculate nucleus. Medially, the lateral posterior
nucleus is related to the pretectal nucleus; laterally

it is related to the dorsal nucleus of the lateral
geniculate bodys Ventrally it is related to the

posterolateral part of the ventral nucleus.

The lateral posterior nucleus hag fibre connections
with the thalamic radiations, ventral nucleus and
apparently with the tectums It is traversed by bundles
of optic tract fibres on their way to the pretectal
nucleus.

Reticular nucleus (N.RET., figs. 6-11, 16~18): This

nucleus is a-‘prominent mass of deeply basophilic,

fusiform or subangular cells of msdium.size, croscentic

in transverse section, siltuated among the fibre hundles of
the thalamic radiations, The retlicular nucleus extends
from a positlon below the bed nucleus of the stria
terminalis in the rosfral thalamus to the level of the
habenular commissurs. The reficular nucleus 1ls related
to the striatum and Internal capsule laterally and the

lateral and ventral nuclel medially. Dorsoclatsrally the



reticular nucleus jolns the ventral nucleus of the lateral

geniculate body, ventromedlally the subthalamus.

Since the reticular nucleus 1s Interposed in the
fibres of the thalamic radlations its own connections are
difficult to determines It is probable that the
reticular nucleus acts as a trme bed nucleus (i.e. a mass

in which fibres relay) of the lateral forebraln bundle.

Ventral nucleus (N.V., figs 8~14, 16~19): Thils nucleus

is characterised by the division of its elements into
groups or colums by the passage through 1t of fibre
bundles of the thalamic radiations. The ventral nucleus
is limited dorsomedially by the paracentral nucleus in the
internal medullary lamina, and ventrolaterally by the
external medullary lamina and reticular nucleuss
Dorsolaterally, the ventfal nucleus joins the lateral
nucleus j other lateral relatlions are nuclel of the
lateral geniculate body and; more caudally, the medlal
geniculate nucleus. Medially, the ventral nucleus jolns
the medlial ventral and submedius nuclei. At one level,
a strong band of cells connects the bilateral ventral

nuclel across the midline, thus forming an interventral

nucleus (N.I.V., figs. 13 and 18). Caudal to this level,

the ventral nuclesus appears as a triangular cell mass of



gradually diminishing size; 1t ends above the most
anterodorsal sxtremity of the red nucleus, medial to the

medlal geniculate bodys

The ventral nucleus can be dlvlded, as in othef
mammalian specles; into three divisions, anterior,
intermediate and medilal. The anterior division has
relatively small cells, scattered in the fibres of the
thalemic radiations behind the anterior nuclei. The
intermediate division of the ventral nucleus lies below
the lateral nucleus and has larger cells, while the medlal
division, adjacent to the medial ventrsl nucieus, has |

somewhat smaller nesurons.

The ventral nucleus has important connections with the
medial lemnilscus and thalamic radiations, and other less~
defined fibre interrelations with the lateral, medial

ventral, medial dorsal and lateral habenular nucleil.

Posterior Group.

The posterior group comprises a series of nuclei
situated in the caudal areas of the thalamus, in the
junctional region between diencephalon and midbrain and in
relation to the terminal fibres of the optic tracte. The
nuclei of the lateral geniculate body are included for

convenience in the posterior group, even though in



Elephantulus they lle dorsoclaterally rather than ecaudally

in the thalamuss

Dorsal nucleus of the lateral geniculate body (N.GEN.L.D.,

figs, 6-13, 20-22)s¢ Thils nucleus lies dorsolateral to

the lateral nucleus and, more caudally, lateral to the
lateral posterior nucleus. It is situated above the
ventral nucleus of the lateral geniculate body, from which
it 1s separated by a narrow zone free of cells.
Ventromedlally at one level the nucleus joins the maln

body of the ventral nucleuss

The nucleus consists of medium-sized cells stained
with moderate intensity. There is no distinct lamination

of the cells in the nucleus, as has been repo ted in

FNeil

Primates (WALKER, 1938), the Insectivore Tupals (LE GROS
CLARK, 1929), and the Marsupial Trichosurus (GOIDBY, 1941).

Ventral nucleus of fthe lateral geniculate body (N.GENsL.V.,

figse 7~14, 19-22): This is an oval mass of small cells
lying in the lateral dlencephalic wall fromvthe level of
the optic chiasma to the levsel of the posterior commissure .
The nuclsus 1s related dorsally to the dorsal nucleus of
the lateral geniculate body, medlally to the lateral and

ventral nuclel and ventrally to the reticular nucleuss



The whole rounded outer surface of the nucleus 1is
felated to the optio‘tract, from which it recelves many
fivrese. Other axons of cells in the nucleus are
contributed to the optic tract as the latter passes on
towards the tectum as the brachium of the superior

colliculus.

Nucleus of the optic tract (N:TR.OP., figs. 13 and 23):

This is a narrow, lrregular cellular lamina sbove the
pretectal nucleus, Intercalated 1n the course of the
brachium of the superior colliculus,. In transverse
sections about the level of the posterior commissure the
nucleus has & more or less triangular shape and contains,
In addition to larger, more basophilic, cells, smaller
cells embedded in a thick matrix of flbres medial to the
lateral posterlor nucleus. More caudally, the nucleus
of the optic tract disappears below the lateral margin of

the anterior colliculuss

The nucleus appears to be primarily a bed nuclesus of
the brachium of the superior colliculus. It has also short

comnectlons with the pretectal nucleus.



Medial geniculate nucleus (N.GEN. M., figs. 15, 19-21):

This is a rounded mass of moderately basophllic cells at
the extreme caudolateral extremity of the thalamus, where
it forms a distinct tubercle on the surface of the brain
(f1g+3). The medial geniculate nucleus is related
particularly to the optic tract anterolaterally, the
suprageniculate nucleus dorsomediélly and the brachium

conjunctivum ventromedially.

The medlal genlculate nucleus receives distinct
lemmiscal contributions and some optic tract fibress
Probebly the latter fibres are not retinal in thelr origin
but are élements of GUDDEN'S commissures Other connections
exist between the medial genliculate nucleus on the one
hand and the suprageniculate nucleus and adjacent cell masses
on the other, The brachium of the inferior colliculus
is well developed. Anteromedially, cells of the medial
geniculate nucleus are scattered among the more caudal
bundles of the thalamic radiations as far forward as the

ventral nucleus.

Pretectal nucleus (N.PRET., figs 12-15, 19-22)3 The

éretactal nucleus is a well~defined mass of cells of small
- and medium size, situated caudomedial to the lateral nucleus
and ventral to the anterlor colliculus. The pretectal

nucleus in Elephantulus is relatively very large and its



size accounts for the prominence of the anterior colliculus
which lies like a cap over the nucleuss The pretectal
nucleus 1s related laterally to the lateral posterior

"nucleus and dorsolaterally to the nucleus of the optic tract.

The pretectal nucleus lies ventromedial to the optic
tract, from which it receives many fibres, It lies for
the most part among tectothalamlc fasciculi and is trapgvers-
ed by a conslderable number of elements of the medisal
lemniscusoe Meny axons in the pretectal nucleus appear
to be fibres of passage, but some, at least, appear to
end in the nucleus itself. The better~defined short
connections of the pretectal nucleus are with the lateral
genilculate nuclel, nucleus of the optic tract, and the
adjacent tectal grey masses. .The pretectal nucleus
receives contributions from the posterlor periventricular
system, and many filbres from the pretectal nucleus cross

in the posterior commissure.



SUBTHALAMIC CELL MASSES.

The subthalamus is that reglon of the brain ventral
to the dorsal thalamus and dorsolateral to the hypothalamus,
closely assoclated with the descending extrapyramidal
connections of the lateral forebrain bundle. In
Elephantulus the cell masses of the subthalamus are very
similar to those described in the rat by GURDJIAN (1927)
and in the opossum by BODIAN (1940)s They comprise the
more circumscribed subthalamic mucleus and the morse
diffuse entopeduncular nucleus, zona Incerta and fileld of

Forel.

Subthalamic nucleus (N.SUB., figs. 13 and 14, 16 and 17):

This is a prominent mass of cells of medium size, oval in
section and closely applied to the dorsomedial aspect of
the cerebral peduncle. The nucleus is related to the
zona Incerta medlally, anterodorsally it 1is contiﬁuous
with the reticular nucleus, and caudally 1t is rather

poorly demarcated from the substantia wnigra.

The subthalamic nucleus recelves cortical fibres
through the Internal capsule, and is connected with the
striatum by the ansa lenticularis. It is comnected with

the contralateral subthslamlc nucleus by fibres in the



supramemmillary decussation, and fibres off the supraoptic

decussations reach its rostroventral border.

Entopeduncular nucleus (N.ENTOP., flg.l0): This is a

rather diffuse mass of cells in the rostrolateral
subthalamus. It is represented by large, moderately
deeply staining, triangular or fusiform cells scattered
among the flbres of the ventral peduncle of the lateral
forebrain bundle. Laterally the entopeduncular nucleus
reached the striatum; medially it joins the zona incerta.
The entopeduncular nucleus 1ls closely associated with the
descending lenticular systems, for which it forms a true

bed nucleus.

Zone incerta (Z. INC., flgs. 13=18): This area of scattered

medium~sized cells occupies the dorsal part of the sub-
thalamus, lmmediately ventral to the ventral meduliary
lamina. The zona Iincerta lies roétrally above the lateral
forebrain bundle and subthalamic nucleus, and more

caudadly above the red nucleus; ventrally and medially it

merges with the fleld of Forel,

The zona incerta is closely related to the lateral
forebrain bundle throughout its length, and receives
from it a considerable number of fasciculi. Other fibre

bundles pass from the zona incerta dorsally to reach the



dorsal thalamus, particularly the submedlus nucleuse.

Fibres from the Zona incerta are contributed to the ventral
part of the dorsal supraoptic decussation, to the sub-
thalamic decussation, to the hypothalamms and, caudally,

to the pretectal nucleus, tectum and tegmentum.

Field of Forel (FF in figs 14 and 15): This area of small

and medlum-sized cells is i1ll-defined and is recognised
only by its position in association with the radiations of
Forel, It is continuous laterally with the Zona Ilncerta
and dorsally with the ventral medullary lamina. Medially
it adjoins the hypothalamus. Caudally the field is

replaced by the tegmentume.

The cells of the field are cornected with the basal
ganglia and dorsal thalemus by the fasciculus lenticularis
and ansa lentlicularis, and has diffuse connectlons with the

Zon& incerta, posterior hypothalamic area and tegmentums



MATIN THALAMIC FIBRE SYSTENMS.

As sach cell mass was described in the preceding
paragraphs, the more Iimportant of its connections were
described brieflys. The following is a short account of the
arrangement of the more lmportant tracts in the thalamus
of Elephantuluss It is given in a general way, since 1t
was not possible in normal material to determine the
origin; course and termlination of stalned connections with

any precisions

Most of the fibre systems, particularly the internal
capsule and thalamic radiations, are very similar to those
descrlbed in the detalled published accounts of GURDJIAN
(1927) and BODIAN {(1940). Others, like the stria
medullaris, have a characteristic arrangement in
Elephentulus: these are, consequently, considered in more

detaila

Study of the tracts was carried out on sections
prepared by both the WEIL and SILVER pyridine techniques,
end, since rigid distinction between medullated and
unmedullated material seems unnecessary, both'types of

connectlions are described togethers



CONMNECTIONS BETWEEN DIENCEPHALON AND TELENCEPHALON.

All connections between diencephalon and telencephalon
may be considered as belonging to four systems, the
lateral and medial forebrain bundles, fornix and the stria
medullaris. These systems all pass through the preoptic
region, which forms, thus, a fibrous and cellular link
between the two subdivislons of the forebraln,
telencephalon rostrally and laterally and diencephalon

caudally and medlallys

The fornix and medlal forebrain bundle, passing
from the hippocampus and basal forebraln areas to the
hypothalamis and brain stem, will not be given any

consideration in this account of the thalamus proper.

Stria medullaris systeme

The strls medullaris 1is prominent and well-developed
In Blephantulus. In it are readily distingulshed the
following componentsz:
medlal cortico~habenular tract, septo~habenular tract,
amygdalo~-habenular tract, lateral cortico-habenular tract,
lateral preoptico-hsbenular tract and medlal preoptico-
habenular tract. The preoptico-habenular tracts pass
from the preoptic regiom to the thalamus, and correspond

to the olfacto~habenular tracts of other authors,



These individual tracts overlap to some extent in
their origin and distribution, and 1t seems better bto
consider them asg parts of a single stria medullaris system
than as distinct entitlies. The fibres from basal
forebrain areas are very Intimately associated with
components of the medlal forebrain bundle in the earlier
part of thelr course; those from the hippocampus are
similarly related to the fornix, those from the amygdala:
to the stria terminalis, and those from the basal ganglla
and neopallium to the thalamic radletions. Moreover, it
seems certain that many stria medullaris fibres are
distributed to thalamlc areas other than the habenula.
Becuase of these considerations, éomplete separation of
stria medullaris slements from other tracts is difficult

and artificisl.

Medlal cortico-habsnular tract (TR.C.HAB.M., fig. 24):

This appears as a prominent bundle of fibres passing from
the dorsolateral side of the fornix in the rostral
diencephalon and collecting below the ventficle to form
the main body of the stria medullaris (STR.MED., Fig. 25).
The medial cortico-habenular tract is related particularly
to the bed mucleus of the stirla terminalis ventrolaterally

and to the paratasnial nucleus dorsomedially. Its more



caudal fibres are in very Intimate contact with the cells
of the anterodorsal nucleus, in which nuclsus many fibreé
appear to terminate, Thektract provides thus a

pathway between the hippocampus on the one hend and the
anterlor nuclel and habenular complex of the dorsal

thalams on the other,

Septo~habenular tract (TR.3.HAB., fig. 24)3: The

contributlons from the septum, particularly the bed
nucleus of the anterior commissure, to the stria medullaris
-are fine and scanbt, and are scarcely distinguishable

from other elements of the striag,

Amygdalo~habenular tract (TR.AM.HAB., fig.25): This is

the name given to fibre interconnections occurring between
the stria termlnalis end stria medullarls where the two
systems are closely related spatially. There seems to be

no doubt that in available preparations fibres from the

stria medullaris (l.e. from the hippocampus chilefly) join

- the stria terminalis for distribution as well as the reverse.
The name amygdalo-habenular tract is to be preferred to

the ambiguous term "strio-habenular tract™, used by some

authorss



Lateral cortlco~habenular tract, (TR.C .HAB.Le., fig.26):

This tract arises from the medial aspect of the internal
capsule at a level just rostral teo the interanterodorsal
commlssures, Many distinct fibre bundles curve medially
and dorsally, where they are assoclated with preoptico~
habenular fibres. Many elements are contributed to the
rich network of fibres in the anterodorsal nucleus, and

others pass dorsally to the stria medullaris.

Lateral preoptico~habenular tract, (TR.PR.HAB.L., fig.26)3

This 1s a robust bundle of fibres passing dorsomedially
from the olfactory tubercle and lateral preoptic reglon.
In its course it passes lateral to the fornix columns and
through the anterodorsal nucleus, to which cell mass many
Tibres are contributed; other fibres pass to the =tria

medullaris abovee.

Medlal preoptico-habenular tract, (TR.PR.HAB.M.f1ge27):

This tract, in contrast to its lateral companion, contains
relatively few fibres passing rostrodorsally from the
medlal preoptlic reglon and anterior hypothalamic area to
the region of the anterior nuclei. Some fibres are lost
in the anterlor nuclel and others join the stria

medullaris near the hebenula.



Stris medullaris proper, (STR.MED., figs 26-29): The

main body of the stria medullaris, formed by the junctlon
of the tracts described above, passes back along the
dorsolatéral surface of the thalamus, In ite course it
passes the parataenlal nucleus, lateral mucleus and
anterodorsal nucleus. lMany fibre components of the stria
pass fhrough'the anterodorsal nucleus, and the nucleus
itself appears to contribute elements to the maln body

of the stria which lies above 1it, The terminal bundles
of the stria are expended in the habenular nuc lei
themselves and in the rich plexus of fibres associated
with the lateral habenular nucleus. At least some stria
fibres cross In the habenular commissure. There 1s no
evlidence whatever to indicabte the direction in which fibres

of the stria medullarls conduct impulses.

Lateral forebrsin bundle.

Lateral to the rostral extremity of the diencephalon,
bundles of the internal capsule pass through the basal
ganglia and between;basal ganglia and thalemus (1l.CAPS.,
figs 24-30). They travel ventrally, caudally and medially,
and become separated into dorsal and ventral peduncles,

The dorsal peduncle of the lateral forebrain bundle

divides into the lateral cortico-habenular tract and the



thalamic radiations; the ventral mass centlnues as the
far smaller and more clrcumscribed cersbral peduncle

(PED .CER., figs 31-34). The cerebral peduncle passes
above the optic tract and curves ventrally‘and medially
towards the medlal forebrain bundle, glving off fibres to
the Zona Incerta and subthalamic nucleus, It emerges on
the base of the mid-brain and passes on down the brain-
stem in a superficlal positions Begsldes fibres of
passage, the lateral forebrain bundle carries fibres
between the thalamus on the one hand and the basal ganglia

and cerebral cortex on the other,

Thalemic radiations, (TH.RAD., figs 28-30): These are

several serles of fibres arlsing from the medlal and
dorsal aspects of the internal capsule as it passes from
the reglon of the basal ganglia through the lateral
diencephalic wall. These flbres enter the lateral

side of the dorsal thalamus, in the nuclel of which they
are ditributed. They are divided more or less arbitarily
into three groups, the superior, inferior and
intermediate thalamic radiations, as described by

GURDJIAN (1927} in the rats



The superior thalamic radiations are bundles of

fibres arising from the internal capsule all along the
lateral aspect of the diencephalon. They pass through
the most dorsolateral part of the reticular mucleus, and,
as they are distributed, thelr fibres are not clearly
separable rostrally from those of the lateral cortico-
habenular tract. Pibres from both enter the anterior
nucleli. Other fibres of the superior radiations,
together with those of the intermedlate radiations,
supply the dorsoclateral aspect of the ventral nucleus and
the medial dorsal nucleuse Bundles of the superior
radiations snter the lateral mucleus, and caudally these
fofm a thick mass.of fibres, triangular in cross section,
lying between the lateral forebraln bundle and sxbternal
medullary lamina. Many of these fibres pass back to the

pretectal nucleus and tectum.

The inferior thalamic radilations are other bundles

passing from the ventromedlal surface of the internal
capsule through the ventral part of the retlcular nucleus.
They course through the thalamus medial to the memmillo-
thalamic tract and are distributed more #entrally and
medially than the fibres of the superior and intermediate
radiations,. The mores rostral fibres of the inferlor
radliations, together with others of the intermediate

rediations, asre contributed to the maze of fibres in the



anterodorsal nucleus, where they are quite closely
related to the original fibres of the mammillo-thalamic
tracte Other slements of the Inferior radiations reach

the ventral and medlal aspects of the medial and midline

The intermediate thalamic radiaztions are groups of

fibreg, descrived together, which pass from the Internal
capsule to the dorsal thalamus in between the bundles of
the superior and inferior radiations, For the most part
they merge for distribution dorsally and ventrally with

the adjacent parts of the superlor and Inferior radiatlons.
Rostral to the mammillo-thalamic tract the fibres of the
radlations are distributed together to the lateral aspect
of the anterior nuclel. MNore caudally, the great majority
of Intermediate radiation fibres enter the ventral nucleus;
some continue medially to the region of the medlal and
midline nuclel; particularly the medlal dorsal nucleuss
Caudally, many radiation fibres reach the medial

geniculate nucleus, suprageniculate nmucleus, pretectal
nucleus and dorsal nucleus of the lateral geniculate

bOdTy’a

The thaleamic radiations constitute a series of

connections between the dorsal thalamic nuclel on the one



hand and the cortex and hasal ganglia on the other,
Probably most of the fibres have thelr cells of origin in
the thalamic nuclei and are, thus, thalamofugale Theif
precise origin and termination, and the nature of thalamic
projection in Elephantulus, must remalin for experimental
investi gation to discover, It seems likely thet many
fibres are thalamo-striatal. Whether thepe are fibres
conducting impulses from telencephalon to diencephalon

in the radiatlons is stlll a moot polint.

No definite inferior thelamic peduncle, such as has
been described in other mammals, was identified, and this
tract seems to be part of what is included here in the

more general term Inferior thalamic radliations.

Ansa lenticularis, (ANSA.L., fig. 29)¢ The fibres of the

ansa lentlcularis pass medially from the basal ganglia
below the internal capsule, and turn caudalwsrd between the
cerebral peduncle and medial forebrain bundle. They are
distributed to the entopeduncular nucleﬁs, subthalamic
nucleus, Forel's fisld, hypothalamis, and to the tegmentum

caudallys

Fasciculus lenticularis, (FASC.IENT., fige. 31): This is

a diffuse mass of fibres passing medilally to the zonsa
incerta dorsal to the cerebral peduncle Its fibres

originate in the basal ganglia and are distributed to the



subthalamic nucleus, zona Incerta and field of Forel,



INTRADIENCEPHALIC CONNECTIONS .

Although accurate knowledge of the intradlencephalic
connections in any mammal is a pressing need, 1t is
impossible to sort these commections out of the maze of
fibres seen running all ways; in and out of the medullary
laminase, iIn sections prepared from brains of normal animals.
Such fibres include short and long axons and axons of
passage to and from areas other than the dlencephalons
From normal material, however carefully prepared and
examined, 1t is thus possible to make but few, guarded
generalisations: the niceties of 1ocal'diencephalic
¢ onnections and their relation to more distant projections

remain obscure.

Marmillo-thalamic tract, (TR.M.TH, figs, 29-32): This is

the only circumscribed tract commecting differant
diencephalic centres. It is a well-defined bundle of
fibres passing between the mammillary reglon of the
hypothalamuis and the anterior nuclei of the dorsal
thalamus, The tract arises chiefly from the medial
mammillary nucleus, though some fibres enter it from the
lateral mammlllary nucleus and supramammillary area, and

travels rostrodorsally. It has a characteristic position



at first above the fornix, lateral to ths tuber nuclel

of the hypothalamus,and then ventrolateral to the medlal
ventral nucleus of the dorsal thalamus, More rostrally
the tract divides into fascicles as 1t enters the
nteromedial nucleus. Fibres are contribuﬁed to the
anteromedial and anteroventral nuclel, but the great
majorlty end in the anterodorsal nucleus. Some cross
the midline In the interanterodorsal commissure, and some

appear even to reach the stria medullaris aboves

Most, 1f not all, of the fibres in the tract are
mammillo-thalamics whether thepe are or are not as a
general rule any thalamo-mammillary fibres must remaln

undecided.

Habenular commiasure, (CO.HAR,, figs. 30-32)3: The

habenular commissure 1s a band of fibres crossing the
midline above the caudal end of the habenulsr complex,

It recelves fascicull in particular from the stria
medullaris and hsabenular nuclel, and contributes slements
to the habenulo-peduncular tract, Some bundles enter the
pineal body, but these may be only fibres of passage which

later rejolin the main mess of commissural axons.



Posterlor commissure, (P.C0., figs, 32-34): Though most

of its fibres are not diencephallc, this commissure is
considered here for convenlience. It 1s relatively well-
developed, and can be divided, as in reptlles, into two
parts. A dorsal division connects chiefly the tecta and
superior collicull of either side; a ventral division
has flbres bringing in particular the pretectal nucleus,
posterior praventricular nucleus and the nucleus of the
medial longitudinal bundle into relation with the

contralateral cell masses,

Optic nerves and tracts: The course of optic fibres in

Elephantulus 1s essentially the same as that described
repeatedly 1n other specles and reviewed by IE GROS CLARK

(1942) e

The majority of fibres In the optic nerves, (N.0P.,
flgs 24 and 25), cross In the optic chiasma, (C.CHes, flgs.
26-28), and continue their course as the optic tracts
(TR«OP., fig. 22 et seqs). The tracts pass back
dorsolaterally, round the diencephalon, to reach the
geniculates and tectum. Each tract passes over the cerebral
peduncle and fans out over the lateral geniculate body and

pretectal nucleus. (Flgs3)a



Some fibres, forming the anterior accessory optic

tract described by some authors, pass from the optlc
tract to the subthalamic nucleus, but it 1s doubtful

1f these fibrss are of retinal origiln. A smell posterior

accessory opbtlc tract, (TR.OP.ACC.P., fig. 31), crosses

the cerebral peduncle obliquely and terminates In the

nucleus optlcus tegmentl of the midbrain.

Myelin-stalined sectlons show consplcuous comnections
of the optic tracts with the dorsal nucleus of the lateral
geniculate body, the large-celled nucleus of the optic
tract, the pretectal nucleus and pretectal nucleus. Other
fibres enter the ventral nucleus of the lateral geniculate
bodye Tt is not possible to decide in normal matserial
which of these fibres are of retinal origlin, as the work of

- BODIAN (1937) has showna

Periventricular system and dorsal longitudinal bundle.

It has been convenient, following the suggestion of
BODIAN (1940), to divide the perlventricular system,

(PEVsSs, figss 27-31), into two groups of connechionse

The anterlor periventricular system consists of a

series of short fibres which pass vertically along the
walls of the third ventricle, connecting the medlial and

midline cell groups of the dorsal thalamus with the more



central nucleil of the hypothalamus, These fibres are

most numerous in the tuber reglone

The posterior periventricular system is a group of

VGry finely myelinated and unmyelinated fibres arising
from the more caudal and dorsal centres of the hypothalamus
end passing upwards and backwards to the region of the
posterior paraventricular nuclsus, From the caudal
thalamic nuclel the fibres ars relayed as the dorsal

longitudinal bundle, (DILB., fig., 24); around the cerebral

agqueduct, to the midbrain. It i1s probable that most of
the flbres in the dorsal longiltudinal bundle are descending

to as yet undebermined mesencephalic and bulbar centrese



CONNECTIONS OF DIENCEPHALON AND MID-BRAIN.

Afferents to the thalamus include the rather diffuse
lemniscal system and brachium conjunctivum, the brachium
of the inferlor colliculus,and i1ll-defined connections from
the tectum and tegmentum to the dorsal thalamus and
subthalamus. Efferents include, in addition to the well-

=)
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defined habsnulo=-peduncular tract, several seri short

@

8 0
relay fibres from the pretectal and adjacent thalamic

nuclel to the tectum and tegmentum,

Habenulo-peduncular tract, (TR.H.P,, figs. 32~34): This is

a prominent; circumscribed bundle of fibres passing Trom
the caudal end of the habenula to the tegmentum of the mid-
brain. It receives fibres from the neuropil of the
lateral habenular nucleus, from the habenular commissurs
and from the medial habenular nucleus. As it passesg
caudoventrally,the tract plerces the parafascicular nucleus

and passes the subparafascicular nucleusa The tract

terminates in the interpeduncular nucleus of the tegmentum.

Bemniscal system (LEMN. M., figs. 33 and 34); The fibres

-0

of the lemniscal system pass up from the midbrain

dorsomedial to the cerebral peduncle. Many fibres



terminate in the mld-brain, and, as the system passsas
the pretectal nucleus, many bundles pass dorsorostrally
through the substance of the nucleus. Other lemniscal

fibres are contributed to the medial geniculate bodys

The main body of the medlal lemniscus flattens out
in the ventral medullary laminsa under the ventral niz.cleusa
Many lemniscal fibres pass upwards round the wventral
nucleus, which receives lemnlscal contributions from gbove,

below,and behind.

Brachium conjunctivum, (BRe CONJ., fige 34): The brachiunm

conjunctivum passes up from the region of the red nucleus
as a diffuse mass of medullated fibres medisl to the
medial geniculate nucleus. In the maze of fibres in the
reglon, it is not possible to separate out the terminations
of the lemniscal system and brachium conjunctivum in ths

venrtral thalamic nuclsus,



DISCUSSION.

le. The structural peculiarities of the thalamus of

Elephantulus.

In the foregolng pages a general account of the
nuclear configuration of the mammalian thalamus was given,
and this waé followed by a detalled description of the
thalamus of Elephentuluss It 1s possible now briefly to
review the structural peculiarities found in Elephaniulus
and to agssess their significance In relation to the rest
of the bralin.

In the midline complexs The massa Iintermedla is well~

developed and the midline nuclel within it occupy a large
areas This appears to be more than a merely relative
large size resulting from lack of emphasis of the other
groups of nuclel. Probably the development of the midline
nuclel may be correlated with the concurrent development

of the hypothalamus and basal telencephallc olfactory

and visceral areas with which the mldllinse mass 1s known to
have close connection.

In the habenula: The habenular nuclel of Elephantulus are

prominent and extend over a larger area than they occupy
In mdst mammals. Again; this appears to be more than a
mere relative size Increase: actlve enlargement in the

habenular nuclel is related to the high degree of



development of the stria medullaris anqﬁts componentss

In the anterior complex: The anteromedial and, particularly

the anterodorsal nuclel are large in Elephantulus, while

the anteroventral nucleus forms only a very small,
circumscribed mass. The magnltude of the anterodorsal and
anteromedial nuclel 1s in all probablility related to the
unusual expansion of the hippocampus and basal telsncephalic
areas, There 1s strong evidence in favour of connections
between the hypothalamus, hippocampus and basal telencephalic
areas on the one hand and the anteromedial and anterodorsal
nuclei on the other. Tn this way these tWo anterior

nuclei are in contact with widely separated visceral

areas In the brain, and most probably they project visceral
impulses through the thalamic radlations to the retrosplenlial
and cingular areas of cerebral cortex, as in other speciless
It is noteworthy that these are the only cerebral areas

in Elephantulus that are greatly differentiated.

In the speclal sensory systems: The eyes and optic

nerves of Elephantulus are large, and the optic tracts
terminate for the most part in the pretectal nucleus and
anterior colliculus, These structures, and the ventral

- nucleus of the lateral geniculate body which sends fibres
to them, are relatlively well-developed. The striate

area of cerebral cortex is not clearly differentiated, and

cerebral projection of visual 1lmpulses seems comparatively



unimportant» Accordingly, the dorsal nucleus of the
lateral geniculate body, from which the cerebral
projection flbres arise, is small and its cells show no
distinct lemination. This is very different from the
arrangement in the insectivore Tupaia (LE GROS CLARK,
1929) and in primates (WALKER, 1938), in which the
mechanism of vision is predominantly cerebral, the striate
area 1s elaborately differentiated, and the dorsal latersl
geniculate nucleus is correspondinglylarge, with cells

disposed in concentric laminae.

Similarly, auditory connections in the midbrain are
well-developed and complex. Most lateral fillet fibres
end in the posterior colliculus. The medial genlculate
ngcleus, and its projection area of cersbral hemlsphere,
the auditory cortex, are much less developed than in other
mammalse

In the general sensory systems: The usual terminal centre

for thg somatosgensory or fillet systems, the ventral
nucleus, is in Elephantulus relatlively small and its
constituent divislons are not very clearly distinguishable.
Many somatosensory fibres appear to terminate in the
midbraine. Certainly, fewer fillet fibres reach the
thalamus than 1s found in most mammals, Nor 1s the

sensorimotor area of cerebral hemisphere to which the



ventral nucleus projects elaborately differentiateds
Cerebral projection of somatosensory lmpulses, as of visual
and auditory impulses, is but little emphaslseds

In the lateral complex and medlal dorsal nucleuss There

is in Elephantulus ne great development of the lateral and
lateral posterlor nucleil, nor clear separation of these
nuclei from one another_or from the adjacent ventral
nucleus: 1In accordance with this, 1t is found that the
parietal assoclation areas of cerebral cortex, to which these
thalamic nuclel project, is but poorly differentiated.

In the case of the medial dorsal nucleus, a doubls
projection is to be recogniseds the medial part of the
nucleus projects to the visceral areas of frontal cortex
{the orbital surface in primates); thils part includes
most of the medial dorsal nucleus in Elephantulus; the
rest of the nucleus, projecting tb the frontal association
area, l1s represented in Elephantulus only by a small area

of scattered cells.

Thus the assoclation areas characterlstic of primates
and;,; in particular, man, are rudimentary in Elephantulus.

In generals Much of the emphasis which In most mammals

falls upon the cerebral cortex falls in Elephantulus
upon other forebrain and mldbraln areas. This 1s seen
particularly in the visual system, but applies as well to

the audltory and somatosensory systems. There is intimate



connectlion between the thalamus on the one hand and the
olfactory and visceral areas In the hippocampus and basal
telencephalon on the other. A great deal of co-ordlnation
carried out in other mammals by thalamic projection and
cerebral assoeiation appears, in Elephantulus, to be

carried out by connections within the diencephalon and
midbrain, as in submammalian forms. Accordingly, cell~-
masses in the junctlonal region between forebrain and
midbrain, in particular the pretectal nucleus, are dsveloped
to an unusual extent.

In the subthalamus s The subthalamus of Elephantulus

has a pattern of organization very similar to that found
in other marmmallan speciess The descending lenticular
gystems are rather smaller than the correspondlng systems
In primates, and the subthalamus less differentiated into
component cell-masses. On the whole, however, the
subthalamus remains relatively uniform in configuration
while the dorsal thalamus and other regions of the brain
undergo striking evolutionary changess

Conclusions: Previous studies have indicated a close

relationship between Elephantulus and other primitive
mammalian forms, This has been readlly confirmed: the
thalamus of Elephantulus shows on the whole a simple,
generalized mammallian pattern, in which all the characteristi

component parts may be dilstinguished, but few are developed



to any marked degree. There 1s close resemblance between
the thalamus of Elephantulus and that of other primitive
me tatherlan and eutherian forms, particularly the
marsupials Didelphys (BODIAN, 1939 and 1940) and
Trichosurus (GOIDBY 1941) and the edentate Tatusia

(PAPEZ, 1932).

The thalamus of Elephantulus has, however, some
specific features that are worthy of note. Foremost
among these 1s the unusual development of the anterodorssal
and anteromedial nuclel. The massa Intermedla, and midline
nuclel within it, are relatively very large. In general,
cerebral projection of both general and special sensory
impulses does not také place to the same degree as 1s
usually found in mammals: thus cell-masses concerned
with thils cerebral projection - the ventral, dorsal lateral
geniculate and medlal geniculate nuclel -~ are not greatly
developede. The frontal and parletal association areas,
and the thalamic nuclei projecting to them -~ the lateral,
lateral posterior and medlal part of the medial dorsal

nuclei - are little more than rudimentary.

2. The evolutionary development and structure of the

thalamuss
The brain of RElephantulus,; with its emphasis on

midbrain association, 1s particularly suitable for



comparlson with submammallan formsa In the reptilian
thalamus a configuration something like that in
Elephantulus, but much less clearly differentiated, 1s
founds In amphibians and primltive fishes there 1s
hardly any separation of the thalamic tissue into
different masses at alle Thalamic differentiation
Invarliably parallels telencephalic differentiation
precizselye. It is thus possible to put forward an
hypothesis of forebrain development different from that

usueally concelved 3=

The dlencephalon must originally have been a primordial
mass very clossely related to the adjacent preoptic region
of the telencephsalcon. In no surviving vertebrate is thils
primitive condition foumd; for in fishes there 1s already
a degree of spécializationa The first dissoclation of
function ceme between & predominantly visceral area, the
hypothalamus, and the predominantly somatic area, the
thalamus. There scon followed separation of the dorsal
thalamus, which is concerned with ascending fibres
passing from brain-stem %o the tslencephalon, from the
subthalamus, which 1s concerned with fibres passing from

the telencephalon to the bulbo-spinal mobtor centres.



The dorsal thalamus retains throughout the
vertebrate phylum intimate connections with the telence-
phalome It is not surprising to find, then, that as the
telencephalic masses differentiate struc%urally and
functionally, there 1s corresponding differentiation in
the thalamus. In the telencephalon this differentiation
results in the formation first of all of the four primary
regions = preoptic reglon, septum, striatum and pallium -
and then in the subdivision of these regionse. Thus
arose, for Instance, the armygdalcld mass, pyriform
cortex, hippocampus and neopallium, and, within the
necpallium itself; the various areas which are cyto-
erchlitectonically distinguishable, In the thalamus this
differentiation results in heterogenelty of cells, so
that, in place of one homogeneous mass, a number of
nucleil may be recognised. Thils differentiation is
a fundamental feature of forebrain development: it is a
single process applied to both parts of the forebrain,
telencephalon and diencephalon, so that each nucleus so
formed preserves a constant relationship to its correspond-
ing telencephalic area. That each nucleus projects to one
area is well-known experimentally: 1t is found in all mem-
mals so far Investigated, from marsupials to primatese. The
other finding of the experimental workers, that adjacent
thalamic nuclei project to adjacent telencephalic areas

lends further support to this hypothesls of forebrain
developmente



In this way there arose a number of cemplexes in
the forebrain of mammals. As examples may be clted the
somatosensory complex (ventral posterior nucleus =
postcentral area), the visual complex (dorsal lateral
geniculate nucleus - striate area), the visceral
projection complex (anterior nuclei - retrosplenial
and cilngular areas) and the associated complex (lateral
and lateral posterior nuclei-parietal association area).
These complexes are to a certain exfent independent,
although they are naturally closely related, and each 1is
developed to a particular degree, depending upon the
general features of brain organizatien, 1n different
specles. Thus, 1n Elephantulus, only part of the anterior
nuclear - cingular and retrosplenial complex 1s greatly
developed: because of the emphasis which 1s given to mid-
brain assoclation, as 1n submemmalian forms, somatosensory,
visual and auditory fibres are not projected to the
cerebral cortex to the great extent found in other mammals.
Thus, too, we find primates have the dorsal lateral
geniculate -~ striate complex, the ventral posterior -
postcentral complex and, in particular, the lateral and
lateral posterlor-parietal complex, all greatly developed,
Modifications of the same fundamental plan of organization
are found In 8ll forebrainss: description of the detaills

in different species in beyond the scope of this discussior



The mammalian thalamus may be pictured, in the
most general way, as a large part of the brain having a
number of subdivisions which fall into four main groupss
The first group, comprising the midline nuclei, is
intimately related to the hypothalamus and has no cerebral
connections. We know very little of the function of
this group except that 1t is Implicated in the most
fundamental activity of the central nervous system,
consciousnessge The second group, comprisling the
enterior nucleli, has close connectlions with the visceral
and olfactory fegions of the brain, and relays to thé
retrosplenial and cingular areas. There is strong
presumptlive evidenceé that these connectlons are the
pathway of emotlonal representation in the conscilousnesss.
The third group receives the tertlary sensory fibres
‘and relays them direct to ths sensory areas of the
cerebral cortex. The ventral posterior nucleus is
éoncerned with somatic sensation, the dorsal lateral
geniculate nucleus with vision, and the medial geniculate
nucleus with audition. Each of these nuclel plays an
Important part in the registration of sensation, so that,
in higher mammals at any rate, a lesion in any one nucleus
results in serious disturbance of the corresponding
sensatione. The fourth group, comprising the lateral and

lateral posterior nuclel and the medial part of the medial



dorsal nucleus, projects to the parietal and frontal
assoclation areas of the braln. Very little 1s knoﬁn of
the functions of this complex, which is so extraordinarily
developed in mang further knowledge awaits better
understanding of the association areas themselvess The
four main groups, and the nuclei within each group, may

be combined in diverse ways to glve a thalamic
configuration characteristic of each species of mammal

and reflecting in an accurate way its entire central

nervous organization.



SUMMARY .

The nuclear configuratlon and fibre systems of the
thalamus of Elephantulus are described in detail as a
basis for later comparison with submemmalian brain typess
In this study every possible criterion of nuclear
differentiation was used, and rigidly applied in each
CEa88e In Elephantulus all the elements found in other
mammals are»present, but in rather unusual relatione
The ventral nuclear group is, by comparison with othér
mammals, very small and only slightly differentiated into
component parts. This 1s in keeplng with the complexity
of the tectum in Elephantulus and relative unimportance
of cerebral projection of somatosensory impulses.
Cortical projection of auditory and visual impulses, too,
appears to be much less pronounced in Elephentulus than
In other mammals: there is but poor differentiation of
suditory and visual cortices, and the ventral lateral
geniculate nucleus - which relays iImpulses to the tectum =-
1s developed at the expense of the corresponding dorsal
nucleus, from which cerebral visual fibres arise, and the
medial geniculate nucleus. The lateral and lateral
posterior nuclel 1n Elephantulus are readlly recognisedy
but not greatly developede This corresponds with the

poor differentiation of the pariletal assoclation aresa

of cerebral cortex, to which these nucleti projects The



greater part of the medial dorsal nucleus in Elephantulus
probably represents the medial division of the corresponding
micleus in primates, which sends Impulses to the visceral
areas of the frontal cortex. The rest of the medlal
dorsal nucleus, which projects to the frontal assoclation
areas, is in Elephantulus scarcely distinguishadble.

It follows from the slight degree of development of

- other nuclel = chiefly the ventral, lateral and medial
dorsal, that the habenular and midline elements are
consplcuous in Elephantulus and occupy a relatively

large ares. The most significant development 1n the
Athalamus occurs in the anterodorsal and anteromedial
miclel,. These cell-masses are Intimately related to

the hippocampal reglons of the telencephalon which have
undergons inordinate development in Elephantulus. The
anteroventral nucleus, which in primates and other higher

mammals is greatly enlarged, is in Elephantulus very smalls

The memmalisn thalamus may thus be visualized as a .,
loose organization of different groups of cells. Each
of these groups has a certalin amount of distinctness and
may alone undergo deﬁelopmental modification. Thus, 1n
primates, ventral, lateral, lateral posterior, medial dorssal
and anteroventral nuclei are all émphasisedz in

Elephantulus development 1s practically confined to the



anteromedial and anterodorsal nuclel,

It is possible, thus, to arrive at a picture of
thalamic differentiatlion in the course of evolution. At
first there 1ls found a simple thalamic and related simple
cerebral mass. Consonant with increasing differentiation
of the cerebral primordium goes corresponding differentation
In the thalsmus. In the cerebral cortex this
differentiation is represented by the formation of cyto~
architectonidally and myeloarchitectonically distinct
areas; 1n the thalamus by the formation of cytoarchitect-
onically and myeloarchitectonlcally distinct nuclei.

Thus each thalamic nucleus projects to its corresponding
cerebral area, and adjacent thalamic nmuclel project to

adjacent cerebral areas, as is found experimentally.
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