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INTRODUCTION 

This paper constitutes one of a series of projected studies 
on the mammalian forebrain undertaken a t  the Laboratory 
of Comparative Neurology at  the University of Michigan and 
is based on material from the Huber Neurological Collection. 
It deals particularly with the non-cortical telencephalic 
centers in the rabbit-their nuclear configuration, their posi- 
tional interrelations, and their fiber connections. The knowl- 
edge of the fiber connections has been extended somewhat by 
a study of the medullated fiber tracts in the guinea pig. The 
pertinent literature is considered under each section, since 
such a method facilitates comparisons. 

I am appreciative of the opportunity accorded me by Prof. 
G. Carl Huber to work in his laboratory and study from the 
rich collection of neurological serial sections. T: am grateful 
to him, and especially to Dr. Elizabeth C. Crosby, for the con- 
stant help, supervision and inspiration given me throughout 
the prosecution of this work. Whatever of value is contained 
herein is due to them rather than to my efforts. 

NUCLEAR ARRANGEMENT IN THE TELENCEPHALON 

The olfactory bulb 

The olfactory bulb has been the subject of study of numer- 
ous investigators for many years and the accumulated litera- 
ture on this subject is very extensive. Among the 'early 
anatomists who studied this structure were Owsiannikow 
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(1860), Clark (1862), Meynert (1872), Henle (1871), and 
Broca (1879), all of whom employed the old methods of in- 
vestigation and staining. Their results showed a wide varia- 
tion in the number of layers described and in the morphological 
and functional relations of the different elements found therein. 
In 1875 Golgi published his “Sulla fina anatomia dei bulbi 
olfatorii, ” which incorporated the results of his investigations 
carried out with the aid of his new method of chrome-silver 
staining. He described for the first time the finer connections 
of the olfactory cells in the glomerulus and other layers of the 
bulb. R a m h  y Cajal (1890)’ Pedro Ram6n (1890)’ and van 
Gehuchten and Martin (1891), using the chrome-silver method 
of Golgi, made further contributions to the finer anatomy of 
the olfactory bulb. Many other observers have contributed to 
the knowledge of the structure of the olfactory bulb in dif- 
f erent animals, and complete descriptions and bibliographies 
can be found in the textbooks on nervous anatomy by Barker 
(1899), Dejerine (’Ol), van Cehuchten (’OS), Ram6n y Cajal 
( ’11) and Ariens Kappers, Huber and Crosby ( ’36). 

The olfactory bulb of the rabbit (figs. 1, 2, 3, 17, 18, 27, 28) 
is represented by a club-shaped enlargement at the cephalic 
extreme of the telencephalon. It is connected with the more 
caudal and ventral aspect of the teleneephalon by the promi- 
nent olfactory peduncle, which in turn blends caudally with 
the medial, ventral, and pyriform areas of the hemisphere. 
In  serial cross sections the bulb extends farther caudally on 
the medial than on the lateral aspect of the sections, hence 
it is obliquely attached to its peduncle and is overlapped 
caudally by the hemisphere. Cross sections of cell prepara- 
tions of the olfactory bulb reveal, even macroscopically, its 
concentrically laminated structure (figs. 1, 2). The term 
‘olfactory formation’ as employed here includes the internal 
granular layer and all tissues of the olfactory bulb lying ex- 
ternal to this layer. The caudal limits of the olfactory forma- 
tion are marked on the external surface by the fissura circu- 
laris (figs. 2 to 5 ) .  
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The outermost layer is composed of incoming non-medullated 
olfactory fibers (figs. 1 to 5,18,27, 28). These fibers are more 
numerous about the ventral and rostra1 aspects of the bulb 
and become fewer as the dorsal surface is approached. On 
this surface only scattered fibers are found, which soon dis- 
appear entirely as the sections are traced caudally (fig. 2). 
In  the silver preparations of sagittal series of the entire head 
of very young rabbits, the olfactory fibers can be followed 
(sometimes in a single section) from their origin in the ol- 
factory mucous membrane, through the cribriform plate, and 
into the fibrous layer of the bulb. As a result of differential 
staining the nervus terminalis, which was described from this 
material by Huber and Guild ('13), appears very dark brown 
or almost black in these sections. The olfactory fibers ap- 
proach the bulb in compact bundles, separate into smaller 
funiculi as they reach its outer surface, and then course for 
a short distance in an unorganized manner before turning 
inward to terminate in the glomeruli of the layer next to be 
described. 

The glomerular layer (figs. 1 to 5, 17, 18, 27, 28) in cross 
sectioned tigroid preparations gives the appearance of a 
layer of unstained circular islands closely approximating 
each other and lying immediately inside the outer fibrous 
layer. On these granulo-fibrillar islands the axons of the 
olfactory fibers terminate, coming into intimate synaptic rela- 
tion with the chief dendrites of the mitral cells, as was first 
demonstrated by Golgi (1875). There is apparently a wide 
layer of these glomeruli since some are placed nearer the 
periphery than others, but in any one plane the layer is only 
one glomerulus thick. They vary somewhat in size and shape, 
hence the general outline of this layer is irregular. 

The external granular layer (figs. 1 to 4,17) has a concentric 
arrangement, central to the glomerular layer (Winkler and 
Potter, '11, fig. 1). It is composed of small and medium sized, 
rounded cells which cap over the central aspect of the glomeruli 
and extend outward between them. The majority of these 
cells are of the intra- or peri-glomerular type (Ram6n y Cajal, 
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'11). Occasionally a few small mitral cells are seen in this 
layer. Due to the fact that this layer is so intimately applied 
to the .inner aspect of the irregular glomerular layer and its 
cells dip in between the individual glomeruli, it has in general 
outline a somewhat corrugated appearance. This corrugation 
also molds the peripheral aspect of the inner lying molecular 
layer. 

The molecular or external plexiform layer (figs. 1 to 3, 17, 
18, 27 and 28) lies immediately inside the external granular 
layer. It is a broad fiber layer composed of radially disposed 
fibers, most of which are the dendritic processes of the cells 
of the next inner layer. Scattered throughout the molecular 
layer are many mitral cells, most of which are more drawn 
out or elongated than the typical mitral cell. These belong to 
the class of so-called 'displaced mitral cells ' (Ram6n y Ca jal, 
'11). They occur in other mammals, such as the bat 
(Humphrey, '36). There are also certain spherical cells in 
this layer which resemble closely the larger granule cells. 

The inner border of the molecular layer is formed by the 
mitral cell layer (figs. 1 to 5, 17, 18) which is composed of 
granule cells and mitral cells. The mitral cells are large, 
triangular, and deeply stained. The granule cells are in the 
majority in this layer; they are rounded or oval in outline, less 
deeply stained than the mitral cells, and slightly larger than the 
ordinary granule cells of the bulb. They are apparently syn- 
onymous with the 'cellulae a houpette' of Ram6n y Cajal ( 'll), 
and according to this author synapse in the glomeruli and 
otherwise function as true mitral cells. On the whole, the 
mitral cells occupy a position nearer the periphery of this cell 
layer; however, the granule cells are freely disposed among 
and between them. The granule cells give a characteristic 
appearance to the deeper part of the mitral cell layer. Certain 
of the mitral cells have migrated peripherally into the out- 
lying molecular layer and even into the external granular 
layer. Hence mitral cells are scattered from the mitral cell 
layer throughout the two overlying layers as far as the inner 
aspect of the glomerular layer, an observation in accord 
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with that made by C. L. Herrick (1892) in opossum. The 
position of the mitral cells at the periphery of their layer 
and their migration outward as far as the inner aspect of 
the glomerular layer may well be considered as the result of 
the neurobiotactic influence of the glomeruli. The fact that 
the deeper lying cells of the mitral layer are distinctly granu- 
lar in type would seem to support the opinion of Crosby ('17) 
that the mitral cells are differentiated from the granule cells 
in phylogeny under the operation of neurobiotaxis (Ariens 
Kappers, '14, '28). I n  this connection an observation made 
by Leslie Smith ('28) on the relative difference in the com- 
parative number of mitral and granule cells in Norway and 
albino rats is of interest. This observer found from a study 
of the number of nerve cells in the olfactory bulbs of rats 
that, while the Norway rats have more granule cells than 
the albinos, the latter possess a correspondingly larger number 
of mitral cells. 

The internal granular layer (figs. 1 to 4, 17,18) lies central 
to the mitral cell layer from which it is separated by a narrow 
fiber layer which is called the internal plexiform layer by 
Ram6n y Cajal ('11). The cells of this layer vary from 
medium sized to very small cells. They are oval or rounded 
in outline and have been called 'the olfactory granules' by 
many authors. This layer occupies the inner portion of the 
bulb and extends almost to the ventricle. It is composed of 
alternate concentric layers of cells and fibers. The groups 
of cells do not form complete circles but are broken by the 
fibers into many arc-shaped islands of cells, which are larger 
and have a more orderly arrangement in the peripheral part 
of this layer. As the center is approached the groups of cells 
become smaller and their concentric lamination becomes less 
marked. The cells of this layer are thought to provide a 
reinforcing mechanism for the olfactory stimuli which enter 
the olfactory bulb. 

Inside the internal granular layer the medullated axons of 
the olfactory tracts form a medullary layer (figs. 2, 3, 18) 
surrounding the olfactory ventricle. Certain authors (for 
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example, McCotter, ’12) do not consider this as one of the 
primary layers of the olfactory bulb and it is not included 
under the ‘olfactory formation’ of the present description, be- 
cause the olfactory formation disappears caudally while the 
olfactory tracts continue into secondary and tertiary olfactory 
centers. The core of the olfactory bulb is formed by the 
olfactory ventricle (figs. 2 to 5), which is a direct rostral 
extension of the lateral ventricle and continues almost to the 
anter?or end of the olfactory bulb. It is tubular in form and 
has a small circular outline in cross section. It joins the 
vertical lateral ventricle in the plane of the rostral extreme 
of the tuberculum olf actorium. Surrounding the ependymal 
lining of the olfactory ventricle is a narrow band of small 
cells forming the periventricular gray which is continuous 
with the internal granular layer rostral to the cephalic ex- 
treme of the ventricle (figs. 1 to 5 ,17) .  

The olfactory formation occupies completely the rostral 
extreme of the bulb (figs. 1, 2, 17, 27, 28), but as the sections 
are traced caudally it begins to disappear from the dorsal 
surface and gradually fades away from the medial and lateral 
aspects, until finally there is only a small arc of the olfactory 
formation occupying the medioventral aspect of the peduncle 
(fig. 5 ) .  It is between the two limbs of the disappearing 
olfactory formation that the rostral end of the accessory 
olfactory bulb appears (fig. 3) .  The caudal limits of the 
olfactory formation are marked on the surface by the fissura 
circularis. The caudal extremity of the olfactory formation 
is overlapped by the rostral extreme of the neopallium, and 
finally it disappears entirely a short distance caudal to the 
plane of disappearance of the accessory olfactory bulb. 

The accessory olfactory bulb 
The first description of the accessory olfactory bulb is gen- 

erally accredited to von Gudden, who in 1870 described it in 
the rabbit. However, C. Balogh (1860) traced nerve filaments 
from Jacobson’s organ in the sheep, through the cribriform 
plate to their termination in ‘Jacobson’s Hill’ on the dorsal 
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aspect of the olfactory bulb. A summary of the literature 
is available in the Ariens Kappers, Huber and Crosby text 
( '36). For the rabbit it has been described by von Kolliker 
(l896), Ram6n y Cajal ( 'll), McCotter ( '12), and Winkler and 
Potter ( '11). The accessory olfactory bulb is lacking in some 
mammals, for example in the bat (Humphrey, '36). 

The accessory olfactory bulb (figs. 3, 4, 18, 28) is a small 
oval body lying on the dorsomedial aspect of the olfactory 
bulb and peduncle in the rabbit. Its cephalic extreme is 
deeply placed (in relation to the external surface), where it 
lies between the receding edges of the olfactory formation 
and rests upon the pars dorsalis of the anterior olfactory 
nucleus, occupying the distinct dorsal concavity of the latter. 
I ts  caudal two-thirds lies in a crescentic furrow or groove 
on the dorsal surface of the olfactory peduncle. Its caudal 
third is overlapped dorsally by the neopallium (fig. 4). Hence 
the caudal one-third of the accessory olfactory bulb appears 
wedged in between the olfactory peduncle below and the over- 
lying neopallium, both surfaces of which it indents, and in this 
relation it finally disappears a little rostra1 to the plane of 
the caudal extreme of the olfactory formation. The general 
structure of the accessory olfactory bulb (fig. 3) resembles 
closely that of the olfactory bulb proper. Its dorsal or outer- 
most layer is formed by the fibers of the vomeronasal nerves 
which spread out over the surface to form a definite fiber 
layer and then turn inward to terminate in the glomeruli. The 
glomeruli form a distinct layer deep to the outer fibrous 
layer. There is a narrow external granular layer immediately 
inside the glomerular layer. Next is a distinct molecular or 
external plexiform layer, and deep to this is a broad, diffuse 
mitral cell layer. The cells of this layer are not as char- 
acteristically mitral or  triangular in shape as are the homolo- 
gous cells in the main bulb. I n  some planes of cross section 
this layer is much broader medially than it is laterally. There 
is a relatively broad internal plexiform layer-in fact the 
mitral cells might be considered as being embedded in the 
center of a broad plexiform layer which extends from the 
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internal to the external granular layers of the accessory bulb. 
The internal granular layer is a very narrow layer of medium 
sized granule cells overlying the medullated efferent fibers of 
the accessory bulb, and forming the deepest layer of the latter. 
This medullated layer lies dorsal to the cells of pars dorsalis 
of the anterior olfactory nucleus and extends lateralward as 
the dorsal peduncle of the lateral olfactory tract. The vomero- 
nasal nerves (figs. 2 and 3) can be traced from the place at 
which they form the dorsal fibrous layer of the accessory 
bulb, rostrally and ventrally along the medial aspect of the 
olfactory bulb. In  sagittal series of the rabbit's head, stained 
with chrome-silver, the vomeronasal nerves have been followed 
from Jacobson's organ to the accessory bulb, as has been done 
by McCotter ('12) by dissection methods and by Huber and 
Guild ( '13) in the series here under consideration. 

Nucleus olfactorius aaterior 
There seems to be no unanimity of opinion as to what should 

be included under the term nucleus olfactorius anterior. Her- 
rick ('10, p. 497; '24, p. 324) regarded it as undifferentiated 
olfactory gray closely associated with the bulb. A literal 
application of Herrick's definition to the corresponding region 
in the rabbit is not possible, for much of the region belonging 
to the nucleus olfactorius anterior shows very considerable 
differentiation, as was also noted in Orycteropus by Sonntag 
and Woollard ('25). Herrick pointed out that the undiffer- 
entiated gray of the anterior olfactory nucleus extends caudal- 
ward in amphibian embryos to include the regions occupied 
by more specialized areas such as tuberculum olfactorium and 
anterior pyriform cortex in the same adults. These latter 
centers are subsequently differentiated from this undifferenti- 
ated gray in the course of the development of the embryo, 
proceeding from behind forward. It appears, therefore, that 
in phylogeny as well as in ontogeny, this process of differ- 
entiation of secondary olfactory gray proceeds caudo-rostrally 
and hence in higher mammalian forms the nucleus olfactorius 
anterior is differentiated practically to its rostra1 extreme, 
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while in amphibians and lower forms its rostral part remains 
undifferentiated. The present writer must therefore agree 
with Sonntag and Woollard ( ’25, p. 1196) that the statement 
that defines the anterior olfactory nucleus as undifferentiated 
needs qualification. It is with such implied qualification that 
the name nucleus olfactorius anterior is used in the following 
amount. 

The nucleus olfactorius anterior (figs. 3 to 6, 17, 18, 19) 
begins well forward in the olfactory bulb, inside of the olfac- 
tory formation (fig. 3). It appears first as a group of small 
and medium sized cells lying dorsal to  the olfactory ventricle 
and inside of the internal granular layer, in a transverse 
plane slightly rostral to the cephalic extreme of the accessory 
olfactory bulb. Solely on the basis of its topographical posi- 
tion it is designated the pars dorsalis of the anterior olfactory 
nucleus. It is homologous to the superior p’eduncular nucleus 
of Ram6n y Cajal ( ’11). The morphology and variety of the 
cells, as well as their arrangement into indistinct laminae, 
resemble very closely those of the internal granular layer of 
the olfactory formation and the two areas are closely associ- 
ated immediately cephalad to the accessory bulb. Only this 
portion of the anterior olfactory nucleus satisfies the defi- 
nition of ‘undifferentiated gray’ in the rabbit. Even in the 
cell preparations fibers are evident among the cells of the 
rostral part of the pars dorsalis. These fibers extend dorsal- 
ward to enter the dorsal peduncle of the lateral olfactory tract 
along with the efferent fibers from the accessory olfactory 

section) with the accessory bulb lying in the dorsal concavity. 
Farther caudally this concavity becomes less marked and the 
cell group assumes a more linear outline (fig. 4). It acquires 
an obliquely transverse position in the olfactory bulb, lying 
along the ventral aspect of the accessory olfactory bulb and 
dorsal to the olfactory ventricle. Near the rostral extreme 
of the ventrolateral portion of the pars dorsalis of the anterior 
olfactory nucleus there appears a small oval patch of large, 
deeply staining, oval and polygonal cells (L, fig. 3). A few 

bulb. J Pars dorsalis soon assumes a crescentic outline (in cross 
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sections (501.1 each) farther caudally a similar group appears 
at the medial angle of pars dorsalis (M, fig. 3). These circu- 
lar patches of cells at the medial and lateral extremes of pars 
dorsalis are quite prominent in the toluidin blue material due 
to their large and deeply staining cells. They extend over six 
to eight sections and assume at some levels the outline of a 
‘U’ with its concavity directed dorsally and peripherally. 
From this concavity fibers appear to stream outward; those 
from the lateral group enter the lateral olfactory tract while 
those from the medial group course peripherally between the 
olfactory and the accessory olfactory formations to enter the 
medial olfactory tract. There are two such cell groups or 
patches placed one behind the other at the medial and lateral 
extremes of the pars dorsalis. The medial and lateral groups 
are placed somewhat alternately so that usually both groups 
do not occur in the same cross section. These cell patches 
might be considered as detached bits of the pars medialis and 
the pars lateralis of the anterior olfactory nucleus which have 
become separated from the cephalic extreme of this nucleus, 
particularly since they resemble its rostra1 extreme very 
closely in cell structure. As the sections are traced caudal to 
the second of these cell patches, what is apparently a third 
such group appears in the cross sections and joins the medial 
and lateral extremes of the pars dorsalis. The lateral group 
joins it at an acute angle and elongates ventromedially and 
thus forms the lateral limb, or pars lateralis, of the anterior 
olfactory nucleus. The medial group joins the pars dorsalis 
in a straight line as a medial extension of the same, and a little 
caudal to this junction extends ventrally to enclose the medial 
border of the olfactory ventricle. It thus forms the medial 
limb or pars medialis of the anterior olfactory nucleus (fig. 5). 
As the sections are traced caudally the medial and lateral 
limbs extend ventrally and finally unite in the ventromedial 
angle of the peduncle, thus completely surrounding the olfac- 
tory ventricle. The extension of the medial and lateral limbs 
of the anterior olfactory nucleus to surround the ventricle 
follows closely on the disappearance of the olfactory forma- 
tion from the medial aspect of the peduncle and the union of 
THE JOURNAL or O O Y P ~ A T W E  N E U R O L ~ Y ,  VOL. 65 
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the two limbs occurs in the same plane in which the olfactory 
formation disappears from the ventromedial aspect of the 
peduncle. The gray of the peduncle also blends with the gray 
of the overlying neopallium in this same plane (fig. 17). 

The anterior olfactory nucleus occupies the entire length 
of the olfactory peduncle, extending rostrally into the olfac- 
tory bulb. As the base of the peduncle is approached the 
cytoarchitecture of the nucleus olf actorius anterior changes 
to a more differentiated type. This is especially evident in 
the dorsolateral quadrant where the characteristics of the 
anterior pyriform cortex are assumed early. 

The nucleus olfactorius anterior pars lateralis pars externa 
(figs. 4 ,5 )  begins a few sections (50 p )  rostral to the cephalic 
extreme of the pars lateralis itself. Here it appears as an 
elongated group of small, deeply staining cells closely ap- 
plied to the inner aspect of the lateral olfactory tract, some 
of its cells being interposed between the medial fascicles of 
this tract. With the appearance and enlargement of the pars 
lateralis, the pars externa diminishes in size for a few sec- 
tions, then rapidly enlarges and elongates until it is almost 
equal in length to, but always narrower than, the pars lateralis, 
to which it lies parallel. The pars externa is now separated 
from the lateral olfactory tract by a narrow plexiform layer 
and a similar layer intervenes between it and the pars lateralis. 
This latter plexiform layer narrows ventrally, suggesting a 
continuity here between these two cell groups. A similar 
observation was made for Caenolestes by Obenchain ( '25). 
The cells found in the pars externa are smaller and more com- 
pactly arranged than those in the pars lateralis. As the plane 
of the rostral extreme of the neopallium is approached, the 
pars externa beqomes thinner and more elongated, accom- 
panying the spread of the lateral olfactory tract over the 
surface of the peduncle. I n  the plane of the caudal extreme 
of the accessory olfactory bulb, the pars externa divides into 
a dorsal and a ventral tailpiece (fig. 5). The smaller dorsal 
part continues caudally and dorsally to join a similar group 
of accessory cells which lies dorsal to the pars dorsalis of 
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the anterior olfactory nucleus and h a l l y  disappears in the 
same plane as does the olfactory formation. The ventral 
part of the pars externa continues caudally and ventromedially 
f o r  a greater distance than the dorsal part. It lies medial to 
the pars ventralis of the lateral olfactory tract and finally 
disappears at the ventral limit of the pyriform cortex (fig. 17). 

It has been hypothecated by Obenchain ('25) that the pars 
externa is derived in phylogeny from a splitting of the pars 
lateralis under the neurobiotactic influence of the lateral ol- 
factory tract. It is herein observed that the elongation and 
narrowing of the pars externa accompanies the spread of the 
lateral olfactory tract over a larger area of the lateral wall 
of the peduncle. The splitting of this nucleus into a dorsal 
and a ventral tailpiece might likewise be presumed to be the 
result of the aggregation of the particular fibers that exert 
this neurobiotactic influence into the dorsal and ventral parts 
of the lateral olfactory tract. This division of the nucleus 
occurs at the caudal extreme of the accessory olfactory bulb 
and a t  this level the lateral olfactory tract consists of fibers 
from the olfactory formation and the nucleus olfactorius ante- 
rior and fibers from the accessory olfactory bulb (p. 337). 
This nucleus has been described in the opossum by Herrick 
( '24)' in Caenolestes by Obenchain ( '25). The account given 
here for the rabbit agrees essentially with the description of 
the above authors, especially as regards the uneven swallow- 
tail pennant shape found in the opossum. Obenchain stated 
that the pars externa is an accessory nucleus which serves 
the function of reenforcing or stepping up the olfactory stimuli 
by discharging its afferent fibers into the subjacent lateral 
part of the olfactory nucleus and the relations apparently 
justify such a conclusion. The pars externa has been labeled 
by Gurdjian ('25, fig. 2, p. 131). Such a pars externa has 
been described in the bat by Humphrey ( '36). No mention 
of it has been found elsewhere in the literature. While the 
toluidin blue preparations permit the subdivision of the nu- 
cleus olfactorius anterior into the various parts described in 
the literature, further work is demanded before a more 
definite evaluation of their functional significance can be made. 
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The muclear groups in. the velztromedial portion of the 
hemisphere 

In  its general relations the olfactory peduncle is completely 
separated from the rostral extreme of the overlying neopal- 
lium for a short distance by the rhinal fissure (figs. 6 to 15), 
which is continued caudally along the lateral surface of the 
hemisphere as a deep fissure which separates the pyriform 
lobe from the neopallium, and for a short distance along the 
medial surface of the hemisphere as a shallow groove. Where 
the olfactory peduncle joins the hemisphere, the nucleus ol- 
factorius anterior completely surrounds the ventricle, as has 
been particularly emphasized by Herrick ( '24), Obenchain 
('25), and Humphrey ( '36)  in other forms. Caudal to this 
level lie the pyriform lobe, laterally; the medial and ventral 
areas of the hemisphere in those respective positions ; and the 
anterior pole of the hemisphere dorsally. The nucleus ol- 
factorius anterior likewise widens into these areas and be- 
comes differentiated into several centers, the transition being 
accomplished for the most part very gradually by cell dif- 
ferentiation so that no sharp line of demarcation can be 
drawn between its caudal limits and the rostral extreme of the 
nuclear groups next to be described. It might be stated 
provisionally that the dorsal part of the anterior olfactory 
nucleus blends with the cortical gray of the overlying neopal- 
lium, the lateral part is continued into the pyriform cortex, 
the ventral part is replaced by the tuberculum olfactorium, 
and the medial part blends into the precommissural hippo- 
campus and the septum. There is no direct cellular continuity 
between the nucleus olfactorius anterior and the caudate 
nucleus. 

Precommissural portiow o f  hippocampus. Near the base of 
the olfactory peduncle in the medial part of the anterior 
olfactory nucleus and on a level with the ventricle can be 
noted an aggregation of moderately large, oval and rounded 
cells. Scattered among these are a few smaller, elongated, 
fnsiform or triangular cells which stain intensely and appear 
almost black in the tigroid preparations. These cells increase 
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in number as the sections are followed caudally and they 
represent a cephalic extension of the precommissural hippo- 
campus (figs. 6,17), which, in the plane of the rostral extreme 
of the caudate nucleus, appears as a crescentic group of 
deeply stained cells at the ventromedial angle of the hemi- 
sphere. Some of the cells of this group continue dorsolaterally 
into the deepest cortical layer of the medial part of the hemi- 
sphere, scattered along the medial aspect of the hippocampo- 
cortical fibers (fig. 6). Caudally the precommissural hippo- 
campus ascends in a steep curve (fig. 17) to the ventral aspect 
of the genu of the corpus callosum (fig. 7), where it extends 
caudally as the nucleus septo-hippocampalis. It also extends 
rostrally around the genu to reach the dorsal surface of the 
corpus callosum, where it can be followed caudally, near 
the midline, as the indusium (figs. 7 to 11, 17) as far  as the 
caudal aspect of the splenium, over which it passes to join 
the hippocampus proper. 

I n  the rabbit the tuberculum 
olfactorium (figs. 6, 7, 8, 17, 20, 21) is somewhat triangular 
in general outline, lying in the ventralmost part of the hemi- 
sphere with its apex directed rostrally toward the base of 
the peduncle and its base directed caudally to the plane of the 
optic chiasm. It consists of an internal or deep layer, and 
an external or cortical layer of crumpled and corrugated gray 
which is sharply bounded laterally by the pyriform cortex, 
medially by the precommissural hippocampus, in front and 
behind this by the septa1 nuclei, and still farther caudally 
by the diagonal band of Broca. I ts  rostral extreme lies in 
the same transverse plane in which the circular olfactory 
ventricle joins the vertical lateral ventricle. Here the cells 
are few in number and diffusely arranged and fiber tracts 
dominate the field in the ventral area of the hemisphere lying 
between the pyriform cortex laterally and the hippocampus 
medially. The cells of the caudal extreme of the ventral part 
of the anterior olfactory nucleus (the pars posterior of most 
authors) can here be traced into the deep layer of the tubercu- 
lum (fig. 6). A short distance caudal to this plane the cor- 

Tuberculum olfactorium. 
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rugated outline of the cortical layer of the tuberculum en- 
larges at the inner boundary of the external plexiform layer. 
The two cellular layers are well shown in the tigroid series. 
The outer, ventral, or cortical layer (tuberculum olfactorium 
pars corticalis) lies nearer the ventral surface and in cross 
sections appears as a narrow band of cells presenting many 
corrugations and evaginations, some of which almost reach 
the ventral pial surface of the hemisphere. The inner o r  
deeper layer (tuberculum olfactorium pars interna) is com- 
posed of more diffusely arranged cells, some of which, how- 
ever, are clumped into nuclear groups varying in size and 
shape, while others form typical islands of Calleja (figs. 7, 
17).  The cells in the rostra1 extreme of this deep layer are 
larger, resembling neurons of the anterior olfactory nucleus, 
while those in the more caudal portions of the nucleus are 
smaller and similar to the cells of the cortical layer. The 
deep layer is very intimately associated with the ventral 
aspect of the nucleus accumbens septi, which lies immediately 
dorsal to it (fig. 7), and the two appear to blend a t  certain 
levels, especially in the more caudal planes. The cells of 
the cortical layer are rounded in outline but smaller and less 
deeply stained than those of the neighboring pyriform cortex 
and hippocampus. Some larger cells are scattered throughout 
the deeper layer, which otherwise is made up of neurons re- 
sembling those of the cortical layer. Both layers of the tubercu- 
lum are closely related to numerous cross cut and obliquely 
coursing fibers which are quite evident even in cell prepara- 
tions. As the hippocampus curves dorsally toward the corpus 
callosum the tuberculum olfactorium extends medially and 
then turns dorsally in the medial hemisphere wall and thus 
comes to occupy the entire ventral and part of the medial 
surface of the hemisphere ventral to the nucleus medialis 
septi (fig. 7) .  I n  this plane of its greatest dimensions there 
occur along the medial border of the iiucleus accumbens (in 
the zona limitans of Johnston, '13) three or four giant islands 
of Calleja which stain intensely (fig. 17). Caudal to this plane 
the tuberculum is gradually displaced from the field by the 
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ventrolateral extension of the nucleus of the diagonal band 
of Broca (fig. S), but its lateralmost part extends caudally to 
the plane of the optic chiasm. For  purposes of description 
the tuberculum may be divided (in its widest part, which is 
caudal) into a medial, a lateral, and an intermediate part. 
The structural pattern of this area varies in different mam- 
mals; in the bat (Humphrey, '36) also only the caudal por- 
tion of the area shows these three parts. Ram6n y Cajal 
( '11, p. 727) stated that this area corresponds to the anterior 
perforated space of man. 

Nucleus accurnbems septi. The nuclear groups of the septa1 
area have been the subject of much controversy and dissention, 
probably due largely to a lack of agreement regarding their 
correct phylogenetic and ontogenetic anlagen. As a result 
a varied terminology has been applied to this area (the para- 
terminal body of Elliot Smith, '10 and earlier ; the septum of 
Edinger, '08 and Herrick, '10 and elsewhere; the parolfactory 
area of Johnston, '13 and '15) and it has been divided into a 
varying number of cell groups. The terminology of Edinger 
and Herrick is employed here, realizing, of course, that the 
term ' septum' is used in a purely comparative sense and is not 
to be confused with the term 'septum pellucidum' as used in 
human anatomy, since only its most caudal portion falls within 
this latter area. Most of the American school of comparative 
neurologists now employ the term 'septum' as including the 
medial telencephalic wall ventral to the hippocampal formation 
and rostra1 to the anterior commissure (Hines, '29). 

The nucleus accumbens (figs. 7, 8, 17, 21, 28) appears 
rostrally in the transverse plane in which the hippocampus 
turns dorsalward toward the corpus callosum. Apparently 
this nucleus is a medial expansion of the head of the caudate 
nucleus through the narrow area lying between the ventricle 
dorsally and the anterior limb of the anterior commissure 
ventrally, thus entering the medial area of the hemisphere. 
It extends around the ventral aspect of the lateral ventricle 
and forms the medial wall of the ventral part of the same. 
In  some planes its cells almost completely surround the inter- 
bulbar component of the anterior commissure (fig. 8). The 
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medial surface of the accumbens nucleus is convex and lies 
adjacent to the cell free zona limitans, which forms a sharp 
boundary between it and the septal nuclei. Ventrally it blends 
intimately with the internal layer of the tuberculum olfac- 
torium (fig. 7) .  Caudally it extends as a narrow band of cells 
over the medial aspect of the interbulbar fibers nearly to the 
plane of crossing of the same, where it blends with the supra- 
commissural part of the interstitial nucleus of the stria termi- 
nalis. I ts  cell structure resembles closely that of the caudate 
nucleus but the arrangement is less broken up by cross cut 
fibers than is the case with the caudate nucleus. Johnston 
('13) has included this nucleus with his lateral parolfactory 
nucleus. Since the accumbens nucleus topographically and 
functionally occupies an intermediate position between the 
septum and the striatum, it has been described here but will 
be considered again with the striatum, of which it is actually 
a part. 

Nucleus EaCeraZis septi (figs. 7, 8). The cephalic extreme 
of the lateral septal nucleus lies slightly caudal to the plane 
of the rostral extreme of the genu of the corpus callosum. 
It lies ventral to the latter structure and between the septo- 
hippocampal nucleus medially and the lateral ventricle later- 
ally. The cells are moderate in size, faintly stained, and tri- 
angular or fusiform in outline. The nucleus enlarges rapidly 
and extends medially to blend imperceptibly with the septo- 
hippocampal gray, and ventrally to become continuous with 
the medial septal nucleus without a sharp line of demarcation. 
Intimately blended with these neighboring groups, it continues 
caudally to the nucleus of the hippocampal commissure, where 
it can no longer be delimited as a special nuclear group. 

Nzcclezls medidis septi (figs. 7 and 8). This group of cells 
extends a few sections farther rostrally, but in general outline 
is much smaller than the lateral group. I ts  cells are moderate 
in size, fusiform in outline, and more deeply stained than those 
of the lateral group ; in general they are disposed in a dorso- 
ventral manner. The medial septal nucleus makes its rostral 
appearance a t  the medial aspect of the accumbens nucleus ; 
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it enlarges toward the midline and extends dorsally along the 
medial border of the accumbens nucleus to blend with the 
ventral aspect of the lateral septal nucleus, with which it is 
continued caudally above the anterior commissure. The caudal 
part of this nucleus is composed of smaller and more com- 
pactly placed cells than the rostral part. The nucleus of the 
diagonal band passes in close relation to the ventrocaudal 
part of the medial septal nucleus. 

Nucleus septo-hippocampalis (the so-called ' primordium 
hippocampi' and dorsal septal nucleus; figs. 7, 8, 17). Of 
the perplexing nuclear groups of the septum, the region de- 
scribed by Johnston ('13) as the primordium hippocampi 
has given rise to more differences of opinion and interpreta- 
tion than all the associated septal nuclear groups. Johnston 
stated that the area intervening between his sulcus h b r i o -  
dentatus and sulcus limitans in reptiles was 'hypothetically 
identified' as the primordium hippocampi. He based his con- 
clusions partly on the presence in this area of hippocampal 
commissure and fornix fibers and partly on its appearance, in 
his opinion, in the thickened portion of the lamina supra- 
neuroporica. In  the rabbit he carried this primordium ventral- 
ward to the zona limitans which outlined his nucleus par- 
olfactorius lateralis, extended it forward into what is usually 
considered the rostral continuation of the hippocampus and 
caudalward into the bed nucleus of the hippocampal commis- 
sure and adjoining gray. Crosby ('17) recognized a lateral 
parolfactory nucleus comparable to the lateral septal nucleus 
of Herrick ('lo), which included the lateral part of the 
primordium hippocampi as described by Johnston ('13), 
leaving a small area medial to the hippocampal commissure 
fibers and extending forward with the hippocampus toward 
the olfactory bulb region. Hines ('22) suggested that the 
primordium hippocampi might be the anlage of the fascia 
dentata. The anterior part is obviously the anterior exten- 
sion of the hippocampus as seen in mammals. The part in the 
septal region is characterized by its intimate relation with 
the descending hippocampal commissure and fornix longus 
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system and corresponds to the nucleus dorsalis septi of Loo 
( '31). This latter nucleus of Loo can be identified easily in 
the rabbit material available for study, but it is continuous 
there with the anterior extension of the hippocampus. It is 
thus a question of personal interpretation and of terminology 
as to where one should cease to call it hippocampus and begin 
to call it septum. From its position in relation to  the anterior 
extension of the hippocampus, the nucleus extends caudalward 
to the bed nucleus of the ventral hippocampal commissure. 
Behind this level its caudal portion passes over into the bed 
nucleus of the dorsal hippocampal commissure and nucleus 
fimbrialis septi. This portion of the so-called primordium 
hippocampi, or, if preferred, the nucleus dorsalis septi, is 
seen as a commissural gray mass connecting the dorsal and 
ventral hippocampal (commissura fornicis) commissures, 
serving as an interstitial nucleus in the course of the descend- 
ing hippocampal fibers. Its intimate association with the 
hippocampal paths and hippocampus is emphasized by the 
above account. The septo-hippocampal nucleus has been identi- 
fied in the bat by Humphrey ( '36). 

The bed .nucleus of the hippocampal commissurc (fig. 9). 
Tigroid preparations show both small and medium-sized cells 
scattered among the decussating fibers of the hippocampus. 
These are especially evident in the commissura fornicis. 
These cells form a bed nucleus for the fibers and are ap- 
parently a specialization of the cells of the septa1 area im- 
mediately rostra1 to this level. They have been studied in 
detail in Golgi preparations by Ram6n y Cajal ( '11, p. 778). 

Triangular wucleus of the septum (fig. 9). Extending 
rostrally from the neuroporic recess is a triangular group 
of very small cells occupying the midplane above the anterior 
commissure. They apparently represent a condensation of 
the cells of the bed nucleus of the hippocampal commissure, 
but they are smaller, more compact, and more deeply stained 
than the latter. This group has been described by Ram6n y 
Cajal ( '11) and more recently by Loo ( '31). 
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Nucleus tractus cortico-habenularis medialis (fig. 9). This 
small group appears at  the lateral aspect of the rostral extreme 
of the triangular nucleus of the septum. It is composed of 
moderately large fusiform cells which have a purple tinge in 
tigroid preparations. The cells for the most part have a 
dorsoventral arrangement a t  the lateral aspect of the fornix 
columns, where they are scattered among the fibers of the 
medial cortico- and septo-habenular tracts. They only extend 
caudally for a few sections among these fibers and are lost 
in the plane of the anterior commissure. They represent a 
specialization of a broad band of gray extending back into 
the diencephalon, termed the caudal extension of the bed 
nucleus of the hippocampal commissure in lower forms (Huber 
and Crosby, '26). 

Bed nucleus of the mterior  comrnissure (figs. 9 and 17). 
This nucleus is represented by an oval group of small cells 
surrounding the rostral and ventral aspects of the anterior 
commissure on either side of the midline. The cells are small 
like those of the surrounding area, but stain slightly deeper. 
Laterally the nucleus is bounded by the supracommissural 
part of the interstitial nucleus of the stria terminalis, and 
ventrally it passes into the preoptic region. This group of 
cells is not well defined nor sharply delimited in rabbit. A 
bed nucleus for the anterior commissure has been recognized 
in rodents by Gurdjian ('25) and Craigie ('25) and in the 
opossum by Loo ( '31). It has long been recognized in lower 
forms. 

The !nucleus of the diago%%al b m d  of Broca (figs. 8 and 17). 
This band of gray and its associated fascicles have been 
recognized by various students (Broca, 1879 ; Johnston, '15, 
23, for the rabbit; Craigie, '25, for the rat ;  Loo, '31; 
Humphrey, '36, for the opposum) of the mammalian telen- 
cephalon (although sometimes under other names), and for 
reptilian (Johnston, '15 ; Crosby, '17 ; Cairney, '26 ; and others) 
and avian forms (Huber and Crosby, '29). The nucleus of 
the diagonal band of Broca is well shown in our cross and 
sagittal series of tigroid preparations. It is composed of 
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medium sized, well stained, oval cells, some of which are 
elongated and packed in between the fibers of this band. There 
are also many larger cells present in this nucleus that will be 
separately considered below. I n  the sagittal series this nu- 
cleus forms a bow-shaped mass near the midplane, with its 
shallow concavity directed caudally and its vertex directed 
rostrally as far  as the plane of the giant islands of Calleja 
(fig. 17). The dorsal limb of the bow begins in the septal 
region a little rostral and dorsal to the anterior commissure 
(fig. 8) and extends ventrally, medially, and rostrally a8 a 
broad band of cells through the septal region to the ventro- 
caudal border of the medial septal nucleus. From this point 
it extends caudalward and ventralward (as the ventral limb 
of the bow) to  the medioventral aspect of the hemisphere, 
where it turns lateralward and crosses the ventral area of 
the hemisphere to terminate in the anterior amygdaloid area 
in the pyriform region. In  cross sections, a short distance 
in front of the anterior commissure, the diagonal band meets 
its fellow in the midline and gives a conspicuous triangular 
outline to the midventral part of the sections (fig. 8). The 
rostral extreme of the nucleus of the diagonal band is inti- 
mately associated with the medial septal nucleus. The ventral 
limb of the diagonal band passes beneath the anterior com- 
missure; it also passes ventral to and partly through the 
medial forebrain bundle in the lateral preoptic area where 
it is designated as the nucleus preopticus magnocellularis (figs. 
9, 10, 16). The lateral course of the diagonal band from the 
midplane along the ventral aspect of the hemisphere to the 
pyriform area displaces the tuberculum olfactorium and forms 
its caudal limits. It also establishes a cellular continuity 
between the septum medially and dorsally and. the pyriform- 
amygdaloid area laterally and ventrally. Accompanying this 
cellular group are fibers of the precommissural fornix system 
(the tract of the diagonal band) to the lateral hemisphere 
areas (p. 343), for which it forms an interstitial nucleus. 

The presence of many large, oval and triangular cells has 
been noted above in relation to the diagonal band. These have 



THE TELENCEPHALON OF THE RABBIT 317 

a very distinct nucleus, a clear perinuclear area, and many 
large Nissl bodies in their cytoplasm. These cells are dif- 
fusely scattered through the rostral extreme of the nucleus 
of the diagonal band, but farther caudally they tend to ag- 
gregate at its lateral border, and when the diagonal band 
turns lateralward across the ventral floor of the hemisphere 
they occupy a dorsal position in this nucleus. When the 
medial forebrain bundle is reached this large celled portion 
divides into a dorsal group and a ventral group. The latter 
group continues with the diagonal band lateralward toward 
the pyriform lobe, while the dorsal group extends dorsally 
and caudally to enter the rostral extreme of the medial seg- 
ment of the globus pallidus. Johnston ( ’23, p. 377) apparently 
recognizes these as isolated clumps of large cells near the 
anterior commissure in his horizontal series, and he says: 
“The only cells with which these could be compared are the 
large cells of the globus pallidus, but these recede as the 
diagonal band advances in this region so that there is no 
doubt as to the limits of either.” As yet it has not been pos- 
sible to follow any fiber fascicles into special relation with 
these large cells, consequently no interpretation of their func- 
tional significance is offered. 

Nucleus septalis fimbrialis (fig. 9).  This group of cells may 
be considered as the caudoventral continuation of the more 
rostral groups of the septal area (the lateral septal nucleus 
and nucleus septo-hippocampalis) . It lies lateral and some- 
what ventral to the fornix fibers as they course caudally 
through the septal area to form the columna fornicis. It is 
bounded laterally by the lateral ventricle. The triangular 
nucleus of the septum may be said to separate this group of 
cells from its fellow of the opposite side. The cells of nucleus 
septalis fimbrialis, however, are larger than those of the 
triangular nucleus. Fibers enter its dorsal aspect from the 
fornix system and the septo-habenular fibers arise here to 
pass caudally with the fornix fibers. This nucleus might 
therefore be considered as a place of synapse for some fibers 
from the hippocampus to the habenular and hypothalamic 
centers. 
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The basal ceders  of the lateral wall of the hemisphere 
It is obvious to all familiar with the comparative neuro- 

logical literature, that any attempt at a complete review of the 
literature dealing with these basal centers of the lateral wall 
would in itself far exceed the limits of the present paper. 
Consequently, the following list includes those articles which 
proved of particular value in delimiting the nuclear groups 
in the material studied or in interpreting its significance. On 
this basis special mention is made of the contributions of 
Volsch ('06, '10) on the ferret, de Vries ('10) on mammals, 
Winkler and Potter ('11, '14) on rabbit and cat, Johnston 
( '23) on various mammals, Obenchain ( '25) on Caenolestes, 
Precechtel ('25) on elephant, Gurdjian ('28) on rat, Hines 
( '29) on Ornithorhynchus, Olive Smith ( '30) on Tamandua, 
Loo ( '31) on opossum and Humphrey ( '36) on bat. Reviews 
of the literature on these centers in other forms are available 
in various research papers and in the reference book by Ariens 
Kappers, Huber and Crosby ( '36). 

Caudate nucleus (figs. 6 to 15, 20 to 26). In the rabbit the 
caudate nucleus extends rostrally approximately to the plane 
of the cephalic extreme of the tuberculum olfactorium. Just 
caudal to the plane of junction of the olfactory and lateral 
ventricles there appears at the lateral aspect of the latter a 
group of small, faintly staining cells interposed as a wedge 
between the ventricle and the fibers of the internal capsule, 
with its apex directed dorsally and its blunt extremity rest- 
ing ventrally upon the interbulbar fibers (fig. 6). Here the 
cephalic extreme of the caudate nucleus appears to be a dif- 
ferentiation from the periventricular gray, for no definite 
cellular continuity can be established with nearby nuclear 
groups, from which it is separated on all sides by fiber bundles. 
Laterally is the internal capsule, ventrally the interbulbar 
component of the anterior commissure, medially the lateral 
ventricle, and dorsally the corpus callosum and corona radiata. 
Traced caudally the caudate nucleus enlarges rapidly and 
its lateral cells become interposed among the medial fascicles 
of the internal capsule. As the anterior limb of the internal 
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capsule takes on its characteristic form, the caudate nucleus 
intervenes between it and the lateral ventricle ; however, bands 
of gray extend laterally between the fascicles of the internal 
capsule to become continuous with the rostra1 extreme of the 
putamen, which in turn lies between the internal capsule 
medially and the external capsule laterally (fig. 8). No dif- 
ferentiation between these two cell groups can be made on a 
basis of cell morphology o r  arrangement and no evidence of 
their derivation from different anlagen is offered by the adult 
material. In  some rodents (Gurdjian, '28 for the rat) they 
are considered together as a caudo-putamen complex. Medially 
the caudate nucleus extends around the ventral aspect of the 
lateral ventricle and into the medial wall of the hemisphere 
to form the nucleus accumbens septi, which has already been 
described with the septa1 area. The caudate and accumbens 
nuclei are continuous with each other through the slightly 
constricted area lying between the lateral ventricle and the 
interbulbar fibers (as shown in fig. 7). The cells of the ac- 
cumbens nucleus appear to be somewhat more deeply stained 
and slightly more compactly arranged than those of the 
caudate, but this distinction is not marked. Near the plane 
of the giant islands of Cdleja the internal capsule has as- 
sumed a more medial position and its fibers are aggregated 
into larger fascicles but there is still a distinct caudo-lenticular 
fusion of the gray between these fascicles. In the plane of 
figure 8 the ventral angle of the lateral ventricle and the 
interbulbar fibers have approached each other and thus con- 
stricted the connecting area between the caudate nucleus and 
the nucleus accumbens. Here the boundaries of the caudate 
are as follows: medially and dorsomedially the lateral ven- 
tricle, dorsally the corpus callosum, and laterally the internal 
capsule, which incompletely separates it from the putamen. 
Its narrow ventral extreme extends into the accumbens nucleus 
medially. As the sections are traced caudal to this plane 
the fibers of the internal capsule become aggregated into fewer 
but larger fascicles and it assumes a more medial position 
(fig. 9) ,  this at the expense of the caudate nucleus which be- 
comes gradually smaller. In the plane of the caudal extreme 
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of the anterior commissure (fig. 10) the internal capsule ap- 
parently forms a complete boundary between the caudate 
nucleus and the ventrally lying putamen. Here the caudate 
is oval in outline and this level may be considered as marking 
the beginning of the tail of the caudate, although the transi- 
tion between the head and tail takes place so very gradually 
that no sharp delimitation of either is possible. The stria 
terminalis courses along the ventrolateral boundary of the 
tail of the caudate. Maintaining these same relations, the 
tail of the caudate continues caudally over the dorsal surface 
of the internal capsule, gradually becoming smaller and more 
rounded in outline. The cell structure remains unchanged, 
but here and there small, patchy aggregations of deeper 
staining cells occur, I n  the plane of the rostral extreme of 
the nucleus geniculatus lateralis pars ventralis, the tail of 
the caudate turns sharply ventralward, along with the stria 
terminalis, over the caudal aspect of the internal capsule 
fibers to rejoin the putamen and the amygdaloid complex, 
and can be followed a short distance farther caudally, lying in 
the lateral wall of the lateral ventricle (fig. 15). 

Putamert (figs. 7 to 15,21 to 26). Cross section series of the 
toluidin blue material show that in the rabbit the putamen 
is roughly triangular in outline in its rostral half (fig. 9) 
and kidney-shaped in its caudal half, with the globus pallidus 
assuming the appearance of the hilus (fig. 12). Rostra1 to the 
plane of the anterior commissure the putamen is more or less 
continuous with the head of the caudate nucleus by means 
of cellular extensions between the fascicles of the internal 
capsule. This caudo-lenticular fusion results in a caudate- 
putamen complex similar to that described in the rat by 
Gurdjian ('28). The cell structure of this area is uniform 
throughout. Accepting the internal capsule as the conven- 
tional boundary between the caudate and putamen, the 
boundaries of the latter rostral to the plane of the anterior 
commissure are ; the external capsule laterally, the internal 
capsule medially, and the interbulbar fibers medioventrally. 
Ventrally the putamen is not sharply bounded and extends 



THE TELENCEPHALON O F  THE RABBIT 321 

among the cells of the deep layer of the tuberculum olfac- 
torium, and at some levels joins the accumbens nucleus ventral 
to the interbulbar fibers (fig. S). Farther caudally this ventral 
extension is separated from the main mass of the putamen by 
the transverse fibers of the external capsule as they approach 
the anterior commissure (fig. 9). This ventral part stains 
slightly deeper than the rest of the putamen and is apparently 
the part given the designation of ‘nucleus intermedius striati’ 
by Loo ( ’31), who stated that in his material “It is continuous 
below and in front with the head of the caudate though partly 
separated from it by fascicles of the lateral forebrain bundle 
that lie below the anterior commissure.” I n  the rabbit ma- 
terial it has not been possible to establish relations of this 
nucleus intermedius striati with the head of the caudate nu- 
cleus, while its relations with the putamen, as regards both 
cellular continuity and interfiber connections, are evident in 
the cell and fiber material studied. Consequently, it is regarded 
in the present contribution as belonging to the putamen com- 
plex, an interpretation in accord with the work of Livini (’08) 
and Dart (’20). A short distance caudal to the plane of the 
anterior commissure the globus pallidus appears at the medial 
aspect of the putamen, and, together with the internal capsule, 
forms the medial boundary of the latter (figs. 11 and 12). 
The lateral boundary of the putamen is now formed by the 
external capsule and by the pars anterior of the lateral amyg- 
daloid nucleus, which is here wedged in ventrally between 
the putamen and the external capsule. The central amygdaloid 
nucleus lies ventral to the caudal part of the putamen and is 
closely associated with it (figs. 11, 13). The putamen de- 
creases in size as it is followed farther caudally and terminates 
by blending with the amygdaloid nuclei and the tail of the 
caudate nucleus as the latter dips ventrally over the caudal 
aspect of the internal capsule to enter this area from above 
(figs, 14 and 3 5).  

Intercalated lzzccleus of the internal capsule (figs. 9, 10; 
Nucl. intercal. L. F. B.). This name of intercalated nucleus 
has been applied to a large and prominent cell group scattered 
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among the ventromedial fascicles of this capsule. At its 
rostral extreme the transverse fibers of the external capsule 
divide this nucleus into a dorsal and a ventral portion (fig. 9) .  
Caudal to these transverse fibers the dorsal and ventral 
portions unite to form a single group (fig. lo ) ,  the cells of 
which intervene between the cross cut fascicles of the internal 
capsule, separating these fascicles and causing a marked en- 
largement of the area as a whole. The intercalated nucleus of 
the internal capsule continues caudalward in these relations 
to a plane through the rostral extreme of the globus pallidus, 
where the cells of this nucleus blend with those of the globus 
pallidus. Probably this nucleus is to be regarded as inter- 
stitial with respect to certain components passing through 
the internal capsule. Difficulty has been encountered in at- 
tempts to homologize it with certain accounts in the literature. 
It is neither the “noyau de la capsule interna” of Ram6n y 
Cajal ( ’ll), which is a diencephalic center, nor is it the ento- 
peduncular nucleus of Gurdjian ( ’27), Olive Smith ( ’30), and 
others. Possibly it is the peduncular nucleus as labeled by 
Papez (’29, fig. 17) in the cat. The cells of this nucleus are 
moderately large, are triangular in outline, and stain rela- 
tively deeply. I n  some more caudal levels of this nucleus 
these cells are interspersed with very large triangular neurons 
of the type characteristic of the globus pallidus. 

GEobzcs pallidus (figs. 11 to 13). The globus pallidus in the 
rabbit is made up of large, and certain very large, cells. The 
large cells are continuous with those of the group described in 
the preceding paragraph. The globus pallidus attains its great- 
est dimensions in the plane of the caudal third of the optic 
chiasm, where it is seen as a roughly triangular group of cells 
closely applied to the medial aspect of the putamen, from which 
it is not sharply delimited by a medullary lamina. The cells ex- 
tend among the more lateral fascicles of the internal capsule 
and the group as a whole is traversed by many fiber bundles 
coursing in various directions, which aids in giving it its char- 
acteristically pallid appearance in cell preparations. The large 
cells of the globus pallidus are triangular in outline and deeply 
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stained. They are the largest individual cells found in the 
striatum and apparently the largest in the basal regions of the 
forebrain. Traced rostrally, these large cells separate into 
two small groups; a dorsal group which may be followed 
among the fibers of the internal capsule and its intercalated 
nucleus, and a ventral group which extends medially and ven- 
trally to the nucleus of the diagonal band of Broca. Traced 
caudally the globus pallidus grows progressively smaller and 
disappears as the optic tract appears at its medial aspect. 
The relations of the globus pallidus to the entopeduncular 
nuclear group are discussed under the next heading. 

T h e  emtopedumcu-lar nuclear group (figs. 13 and 14). Cer- 
tain of the cells in the caudal third of the globus pallidus 
extend ventromedially along the fibers of the ansa lenticularis 
(fig. 13). These neurons retain cellular characteristics com- 
parable to those of the cells of the globus pallidus and con- 
stitute a nucleus for the ansa lenticularis which finds repre- 
sentation in the various entopeduncular nuclear groups. The 
term nucleus entopeduncularis has been applied to various 
nuclear groups, and in certain cases to groups of different 
functional significance. I n  birds Edinger and Wallenberg 
('01) applied the name to what more recent observers have 
been calling the paleostriatum primitivum ( Ariens Kappers, 
'23, '28; Huber and Crosby, '29; and others) and which is 
believed to be the forerunner of the globus pallidus, and also 
applied the term to scattered groups along the course of the 
ventral peduncle of the lateral forebrain bundle which have 
been described in various submammals such as fishes (Ariens 
Kappers, '21) and reptiles (Edinger, '08 ; de Lange, '11 ; Huber 
and Crosby, '26; and others) as entopeduncular nuclei, the 
various clusters of cells being designated as dorsal and ventral 
entopeduncular nuclei, or  in some comparable way. These 
groups along the course of the ventral peduncle of the lateral 
forebrain bundle may be more or less continuous with the 
primitive anlagen of the globus pallidus, although showing 
regional enlargements as in certain birds (Huber and Crosby, 
'29, sparrow), or may appear as separate groups as is the case 
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in certain reptiles. I n  mammals Olive Smith ( ’30) has con- 
sidered that the inner segment of the globus pallidus is derived 
from the entopeduncular nuclear group, and the more caudal 
cells either scattered or compactly arranged are found “along 
the fibers of the lateral forebrain bundle (internal capsule- 
peduncle) .” It must be remembered in this connection that 
the ventral peduncle of the submammalian lateral forebrain 
bundle is not represented in the internal capsule proper (ex- 
cept as the fibers cross it) nor in the cerebral peduncle proper, 
but in the ansa lenticularis of higher forms, and if its phylo- 
genetic significance is to be retained, the term has application 
particularly to the scattered cell masses associated with the 
ansa lenticularis (Huber and Crosby, ’29 a).  Used in this 
way it is the homologue of the nucleus entopeduncularis of 
Rioch (’29) and the nucleus of the ansa lenticularis of Loo 
(’31). In  addition to such cell groups, which are the direct 
phylogenetic descendants of the entopeduncular groups of 
lower forms, there are cells associated with the efferent fibers 
from the cortex, which constitute the cortical projection paths 
of the internal capsule and form the fiber masses of the 
cerebral peduncle. These are evident in the rabbit material 
studied (fig. 14). So fa r  as present evidence goes, these ef- 
ferent cortical paths are new in mammals (although they may 
replace in part older efferent striatal paths). The cells as- 
sociated with them through their relations with the globus 
pallidus show resemblance to  the entopeduncnlar group, but 
their relations with these cortical fibers are secondarily ac- 
quired. If they are to be termed ‘entopeduncular’ (as Gurd- 
jian, ’27 ; Loo, ’31, and others have done) it must be with full 
appreciation of the fact that they are not primarily repre- 
sentatives but secondary derivatives of the entopeduncular 
group of lower forms. Various other names have been given 
to these groups within the diencephalon, such as the intra- 
peduncular and suprapeduncular nuclei of Livini ( ’08). 

Claustrum (figs. 7 to 14). There is still some question as to 
whether the claustrum is to be regarded as striatal or cortical. 
Thus Landau (’19) and Faul (’26) group it with striatum, 
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while Brodmann ( '09), Rose ( '28, '31), and others have con- 
sidered it as belonging with the insular cortex. De Vries 
( '10) regarded it as derived from the adjacent cortex and the 
studies of Elliot Smith ( ' lg) ,  Holmgren ('25), and others 
tend to support this view. The preponderance of evidence 
indicates at present that the claustrum is cortical rather than 
striatal; nevertheless it is discussed here because of its intimate 
topographical relations with the basal centers of the hemi- 
sphere. I n  the tigroid preparations the claustrum is seen as 
a group of deeply staining cells resembling cortical neurons 
in appearance, lying at the lateral aspect of the external 
capsule (fig. 9) .  This group is roughly dumb-bell shaped in 
outline in the cross sections, with its larger blunt extremity 
placed dorsally among the lateral fibers of the corona radiata 
and its smaller blunt or rounded extremity directed ventrally 
into the pyriform area. I ts  lateral boundary is formed by a 
narrow fiber layer of the cortex, the capsule extrema. This 
group extends from the anterior part of the hemisphere 
rostrally, to the temporal pole of the hemisphere caudally, 
blending at each extremity with the deep layer of the cortex. 
Throughout its extent it is rather sharply delimited ventrally 
within the confines of the pyriform lobe, while dorsally it is 
more closely associated with the deepest cell layer of the 
cortex among the fibers of the corona radiata. 

The amygdaloid group. The amygdaloid nuclei have been 
described in the rabbit by von Kolliker (1896), but this author 
includes most of the amygdaloid complex with the lentiform 
nucleus. It was figured in part by Winkler and Potter ('11) 
for this rodent and has been studied by Johnston ('23) for 
various mammals including the rabbit. With the excellent 
description of Johnston the following account is in essential 
agreement, differing only in certain minor details. Conse- 
quently, the descriptions here are relatively brief. 

The amygdaloid area in the rabbit (figs. 11 to 15, 26) oc- 
cupies the medioventral part of the pyriform lobe from the 
caudal and lateral extreme of the nucleus of the diagonal 
band, in front, almost to the plane of blending of the gray of 
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the dorsal and ventral limbs of the hippocampus, caudally. 
In  this rather extensive area several nuclear groups may be 
outlined on the basis of their cell morphology and arrange- 
ment, as well as their fiber connections, especially with the 
stria terminalis. The tail of the caudate, the lateral amyg- 
daloid nucleus, and the putamen blend intimately in the region 
of the caudal extreme of the latter. Loo ('31) believed that 
this fusion represents a remnant of the amygdaloid ridge of 
reptiles (Johnston, '23). The caudal extreme of the nucleus 
of the diagonal band of Broca extends to the rostra1 extreme 
of the amygdaloid area, and Gurdjian ('28) has designated 
this diffuse area of fusion as the anterior amygdaloid area. 
This is an area of scattered cells intermingled with the fibers 
of passage (fig. 10, unlabeled). 

Nucleus of the lateral olfactory tract (figs. 12 and 25). In  
the plane in which the optic tracts turn lateralward from the 
optic chiasm there occurs a prominent rounded nucleus in 
the ventralmost part of the hemisphere between the pyriform 
cortex, laterally, and the preoptic area, medially. This is 
the nucleus of the lateral olfactory tract and represents the 
most sharply delimited group in the amygdaloid area. It is 
a duplex structure consisting of a medial and a lateral part. 
The latter is the larger and is oval in outline, composed of large 
cells which resemble those of the pyriform cortex, and is 
closely applied to the dorsal aspect of the lateral olfactory 
tract. The caudal part of this cell group is covered dorsally 
by the anterior commissure component of the stria terminalis, 
which arises (and apparently terminates also) in this nucleus. 
It disappears as a distinct group in the same transverse 
plane in which the optic tract reaches the medial border of the 
hemisphere, but caudal to this plane a few of its cells are 
scattered along the aforesaid component of the stria terminalis. 
The medial, small celled portion of the nucleus of the lateral 
olfactory tract is separated from the lateral part of the same 
nucleus by a narrow plexiform area. This cell group extends 
rostrally as a long, tongue-like projection at the medial and 
dorsal aspect of the lateral olfactory tract. I ts  cells are 
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smaller and less deeply stained than those of the lateral part 
of this nucleus. It diminishes in size and finally disappears 
while the lateral part of the nucleus is still prominent in the 
field. The nucleus of the lateral olfactory tract is described 
as having dorsal and ventral parts in the rat (Gurdjian, '28) 
and also in Caenolestes (Obenchain, '25). This nucleus is 
apparently the same as that labeled 'Ed' by Winkler and 
Potter ( '11, figs. VII to IX). A very interesting variation of 
the usual mammalian pattern is found in the nucleus of the 
lateral olfactory tract in the bat (Humphrey, '36). 

Lateral amygdaloid nucleus (figs. 11 to 15). The lateral 
nucleus is the largest of this amygdaloid group. It extends 
farther rostrally and caudally than any of the other amygdaloid 
nuclei. Throughout its extent it lies just medial to the ex- 
ternal capsule, which separates it from the claustrum. In  
cross section it is rough19 triangular in outline. On a basis 
of cell morphology and topographic relations it is divided in 
the present account into a pars anterior and a pars posterior, 
a subdivision not made by previous workers. The pars ante- 
rior of the lateral amygdaloid nucleus (figs. 11 to 15) is an 
elongated rostral extension from the main nucleus (or pars 
posterior). It is composed of moderately large, deeply stain- 
ing, spindle-shaped cells. This group extends to the plane 
of the anterior commissure, and throughout its course is 
wedged in ventrally between the putamen, medially, and the 
external capsule, laterally. The fibers of the latter are seen 
to split at  some levels and form a capsule for this nucleus 
(fig. 12). At its ventral aspect courses part of the posterior 
limb of the anterior commissure which is very prominent at  
these levels even in cell preparations-and it seems quite 
probable that this nucleus is more closely related to the two 
afore-mentioned fiber tracts than it is to the stria terminalis. 
Farther caudally, in the plane of the central amygdaloid nu- 
cleus, the pars anterior elongates and extends as a narrow, 
vertical band of cells a t  the lateral aspect of the putamen. 
In  the plane of the rostral extreme of the medial amygdaloid 
nucleus, the pars anterior blends with the dorsal aspect of 
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the pars posterior of the lateral amygdaloid nucleus which 
is distinguishable through its cellular character. I n  this 
plane the lateral nucleus now appears to be made up of a 
dorsal (pars anterior) and a ventral (pars posterior) portion. 
Johnston ('23, p. 425) undoubtedly refers to the pars anterior 
of the lateral nucleus which he described as a continuous 
plate of darkly staining cells extending from the anterior 
commissure to the caudal border of the corpus striatum. The 
caudal extreme of the pars anterior overlaps the rostra1 ex- 
treme of the pars posterior in the rabbit, and Gurdjian ('28) 
described the lateral amygdaloid nucleus in the rat  as com- 
posed, in some planes, of a dorsal small celled portion and 
a ventral large celled portion. The cell morphology would 
therefore be the reverse in rat  of that found in rabbit, if this 
homology can be established between the lateral amygdaloid 
nucleus of these rodents. Caudal to this level of overlapping 
in the rabbit the pars posterior enlarges as the pars anterior 
grows progressively smaller to disappear soon after the tail 
of the caudate joins the amygdaloid group. 

The posterior part of the lateral amygdaloid nucleus (figs. 
14 and 15) forms the bulk of this group, being much larger 
than the anterior part, and is composed of small, oval, and 
less deeply stained cells. It begins rostrally in the transverse 
plane of the cephalic extreme of the medial amygdaloid nu- 
cleus, where it is seen at  the lateral aspect of the central 
amygdaloid nucleus, overlapped dorsally by the pars anterior 
of the lateral amygdaloid nucleus. It is triangular in outline 
and caudal to the nucleus centralis it enlarges to occupy the 
entire area between the lateral ventricle and the external 
capsule. The tail of the caudate joins it dorsally while the 
basal nucleus borders it ventrally. It is the most caudal 
member of the amygdaloid group but finally disappears in the 
lateral wall of the ventricle, lying dorsal and medial to the 
external capsule fibers. 

Central amygdaloid nucleus (figs. 11, 13, 14). The central 
nucleus appears rounded or oval in outline. It is a large 
group placed medial to the lateral nucleus and ventral to 
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the caudal part of the putamen. Its  ventral boundary is 
formed by the basal nucleus. The cells of this group are 
medium sized, spindle and fusiform in outline, and not as com- 
pactly placed as those of the surrounding groups, giving to 
this area a more diffuse appearance in cell preparations. The 
rostra1 extreme of this nucleus is poorly delimited as it blends 
intimately with the overlying putamen. Caudal to the plane 
of appearance of the nucleus basalis, the central nucleus 
grows smaller as a result of the enlargement of the nucleus 
basalis and the nucleus lateralis pars posterior, and finally 
disappears in the plane in which the tail of the caudate joins 
the amygdaloid group. The lateral amygdaloid nucleus ex- 
tends medially around the caudal aspect of the nucleus cen- 
tralis, thus forming its caudal as well as its lateral boundary. 
The caudal third of the central amygdaloid nucleus is bounded 
on its ventromedial aspect by the two forks of a dense Y-shaped 
group of cells (fig. 14), the stem of the Y extending ventrally 
along the stria terminalis fibers. This group is composed of 
small, compactly placed cells which Volsch ( '06) interpreted 
as glial cells, but it is more probable that they are neurons 
as Johnston ('23) has supposed. This group of cells serves 
as a boundary between the central and the underlying basal 
nucleus and hence corresponds to the 'intercalated masses' of 
Johnston ( '23, p. 427). 

Basal amygdaloid nucleus (figs. 13, 14, 15). The basal 
nucleus of the amygdaloid area is composed of two distinct 
parts, as was noted by Volsch ('06) in the ferret and by John- 
ston ( '23) in the opossum and the rabbit. There is sufficient 
cellular differentiation to regard these as two separate nuclei, 
but in the present account they will be considered as the lateral 
large celled group and the medial small celled group of the 
basal amygdaloid nucleus. I n  the opossum (Johnston, '23 
and Berkelbach van der Sprenkel, '26) and in Caenolestes 
(Obenchain, '25) the basal amygdaloid nucleus consists of a 
lateral small celled portion, termed the accessory basal nu- 
cleus, and a medial large celled portion, termed the basal 
nucleus. It seems wiser a t  present to attempt no direct 
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homologies between the constituents of the basal nuclear 
groups in the rabbit and in marsupials, since the large and 
small celled groups occupy reverse positions in these two 
forms. I n  the bat, however, the accessory basal nucleus oc- 
cupies a medial position, The lateral, large celled group of the 
basal amygdaloid nucleus (figs. 13 to  15) is composed of 
deeply stained, elongated cells which rememble those of the 
pyriform cortex. These cells are grouped into an almond- 
shaped mass placed transversely at the ventral aspect of the 
lateral nucleus. The external capsule approaches the lateral 
extreme of this group and splits, sending some fibers dorsal 
and others ventral to this nucleus. The dorsal fibers separate 
it from the overlying lateral nucleus. Farther caudally all 
the fibers pass dorsal to the basal nucleus and a short distance 
caudal to this plane the cell group disappears as a distinct 
nucleus, its cells scattering among those of the pyriform area. 
Rostrally this nucleus can be traced as a small projection 
of scattered cells lying in the ventral angle between the lateral 
and central nuclei almost to the transverse plane of the optic 
chiasm. The medial small celled group of the basal amygda- 
loid nucleus (fig. 14) lies closely applied to the medial aspect 
of the lateral large celled group, but is delineated from it 
by a narrow area of fibers with a few intercalated cells. Its 
extent is not so great in any direction as is that of the lateral 
group, but it enlarges medially and causes a distinct convex 
bulge into the lateral ventricle. This medial group might be 
subdivided further into a dorsal part, of very small cells, and 
a ventral part of slightly larger cells. The entire group is 
bounded medially by the stria terminalis fibers as they course 
along the lateral border of the ventricle. 

Cortical amygdaloid nucleus (figs. 11 and 13). This nucleus 
consists of a ventral grouping of the cells of the anterior 
amygdaloid area into a rather dense band of cells which re- 
sembles a medial extension of the pyriform cortex except 
for the fact that the cells of the cortical nucleus are smaller 
and less deeply stained than those of the pyriform cortex. 
It extends from the plane of the caudal extreme of the nucleus 
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of the lateral olfactory tract to the plane of the tip of the 
temporal pole of the lateral ventricle. Rostrally this nucleus 
lies along the ventral border of the hemisphere medial to the 
pyriform cortex and farther caudally it extends medially along 
the medioventral border of the hemisphere at the lateral 
aspect of the ascending optic tract. It now has the outline of 
a 'V' in cross sections with its apex in the extreme medio- 
ventral angle of the hemisphere. One limb extends dorso- 
lateralward into the pyriform area and the other limb extends 
dorsally along the medial border of the hemisphere. The whole 
nucleus assumes a more dorsal position as the sections are 
traced caudally and is overlapped at the medioventral angle 
of the hemisphere by the medial amygdaloid nucleus. 

Medial amygdaloid nucleus (figs. 13 and 14). The medial 
nucleus of the amygdaloid complex occupies the medioventral 
angle of the hemisphere after the cortical nucleus assumes a 
more dorsal position. Its rostra1 extreme extends almost to 
the plane of the optic chiasm (fig. 13). It enlarges caudally, 
maintaining its same relations, and seems to blend with the 
gray of the ventral limb of the hippocampus. Its caudal third 
is overlapped ventrally by the pyriform cortex. This group 
is plainly related to the stria terminalis, even in cell prepara- 
tions, and it is the only group included in the amygdala by 
von Kolliker (1896, figs. 716 and 717), who included the other 
amygdaloid nuclei with the lenticular nucleus. The medial 
nucleus of the present description corresponds to the area 
praesubicularis of Winkler and Potter ('11, z.pr.s., plates XI 
and XII). The cells of the medial and central amygdaloid 
nuclei cannot be traced dorsally into the stria terminalis to 
any appreciable extent in the tigroid material available, and 
hence no cellular continuity can be established between these 
groups and the interstitial nucleus of the stria terminalis, 
such as has been maintained to be the case by Johnston ( '23). 

Interstitial mcleus of the stria terminalis (figs. 9 and 10). 
This nuclear mass is shown best in the plane of the anterior 
commissure, where it appears among the fibers of the stria 
terminalis as this latter dips medially and ventrally toward 
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the anterior commissure. Here the nucleus occupies the tri- 
angular area bounded ventrally by the lateral part of the 
anterior commissure, laterally by the internal capsule, and 
medially by the lateral ventricle. Its apex is directed dorso- 
laterally toward the caudate nucleus. The nucleus extends 
ventrally along the fibers of the stria terminalis, one part pass- 
ing rostra1 to the anterior commissure, along with the supra- 
commissural component of the stria terminalis, to become 
continuous with the caudal extreme of the accumbens nucleus. 
Caudal to the anterior commissure the interstitial nucleus 
extends ventrally and medially along the fibers of the pre- 
optic component of the stria terminalis to blend with the medial 
preoptic gray. Medially the interstitial nucleus merges with 
the nucleus of the anterior commissure. The cells of this 
group are medium sized and are oval and elongated in general 
outline; the majority of them are interspersed between the 
fibers of the stria terminalis. At  the level of the anterior 
commissure the cells extend dorsolateralward fo r  a short dis- 
tance among the fibers of the stria, to the place where it forms 
a compact bundle a t  the ventromedial aspect of the caudate 
nucleus. From this point caudally along the main bundle 
of the stria terminalis, very few cells are seen, and f o r  many 
sections they are entirely absent. This is in contrast with 
the condition found in the opossum by Johnston ('23) and 
Loo ('31), but agrees with the findings of Gurdjian ('27) in 
the rat. 

Among the cells of the preoptic part of the interstitial nu- 
cleus of the stria terminalis can be seen a special group of 
slightly smaller cells surrounded by a capsule of nerve fibers. 
Consequently this neuron group is quite distinct in the 
tigroid and silver series. It is somewhat oval in outline in 
the cross sections ; rostrally it gives off a dorsolateral cellular 
projection which extends among the dispersing fibers of the 
stria terminalis, a few sections caudal to the anterior com- 
missure (p. 358). Hence it is club-shaped in the cross section 
series a t  this level. Caudally it inclines ventrally, surrounded 
by the fibers of the lateral olfacto-habenular and lateral 
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cortico-habenular tracts. This nucleus appears to be an im- 
portant synaptic center for the various fiber paths with which 
it is intimately associated. It has been termed here the 
encapsulated portion of the interstitial nucleus of the stria 
terminalis. It is apparently included with the anteromedial 
nucleus of the thalamus by Miinzer and Wiener ( '02). It may 
be offered as a tentative suggestion that this cell group has 
certain resemblances in position and relations to the oval 
nucleus identified by Huber and Crosby ( '26) in the alligator 
and later in the same year by Cairney ('26) in Sphenodon. 

Preoptic region, 
In  adult material there is no sharp boundary line between 

the hypothalamic and preoptic regions. Even among embryo- 
logists there is no exact agreement as to the di-telencephalic 
boundary, although most observers place it somewhere in the 
region of the optic chiasm or  just in front of its rostra1 border ; 
others place it at  this border, slightly caudal to it where the 
optic tracts begin to turn dorsalward, or even at the caudal 
border of the chiasm. The preoptic region is carried forward 
to the caudal plane of the septum (also indefinite), which in 
general is occupied by the diagonal band of Broca. The 
region extends dorsalward to a horizontal plane through the 
ventral part of the anterior commissure. Laterally it reaches 
the amygdaloid area, thus including within itself the medial 
forebrain bundle. Within this somewhat indefinitely delimited 
area, for convenience of description, a lateral, a medial, and 
a periventricular preoptio area have been recognized, and 
within these areas certain nuclear groups are delimited. 

Lateral preoptic area. This lateral area is composed largely 
of fascicles of the medial forebrain bundle, among the cross 
cut fibers of which are scattered medium sized oval and tri- 
angular cells, forming an interstitial nucleus for this bundle 
(figs. 9,10, 16). They can be followed caudally among these 
fibers to the plane of the nucleus of the lateral olfactory tract, 
and rostrally to the medial septa1 nucleus and tuberculum 
olfactorium, whence arise the majority of the fibers of the 
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medial forebrain bundle. This whole group of cells is homolo- 
gous to Loo's ('31) nucleus preopticus interstitialis. The 
caudal and lateral part of the nucleus of the diagonal band 
enters the rostral part of the lateral preoptic area, and while 
in this position a group of cells from the diagonal band extends 
through the area dorsolateralward toward the globus pallidus. 
These were described previously (p. 317). Behind this level 
similar cells from the diagonal band can be traced caudal- 
ward intermingled with the lateral fascicles of the medial 
forebrain bundle. These larger cells are probably repre- 
sentative of the nucleus preopticus magnocellularis of Loo 
('31) and are so labeled in figures 10 and 16 of the present 
description. These cells repeat in part the distribution of the 
nucleus magnocellularis interstitialis of chicken (Huber and 
Crosby, '29), which is associated with fibers of the septo- 
mesencephalic system, of which the diagonal band represents 
the ramus basalis frontalis. 

Medial preopt ic  area. The medial preoptic area lies between 
the lateral preoptic area and the periventricular preoptic 
areas. It is composed of larger and more numerous cells 
than is the lateral area. It extends from the rostral to the 
caudal extreme of the preoptic region and is continuous with 
the same region of the hypothalamus without any line of 
demarcation. It is occupied chiefly by a large nuclear mass 
termed by Loo ('31) in the opossum the nucleus preopticus 
principalis. In  the rabbit material in a plane through the 
cephalic extreme of the anterior commissure the nucleus pre- 
opticus principalis is an oval group of cells consisting of fairly 
large, rounded and triangular neurons (fig. 9). The nuclei 
of the two sides are separated from each other by a forward 
extension of the preoptic periventricular gray, termed the 
nucleus preopticus medianus (p. 335). Farther caudally the 
nucleus preopticus principalis increases in size and merges 
medially with the periventricular gray. It is joined at its 
dorsolateral aspect by the preoptic part of the interstitial 
nucleus of the stria terminalis. Nucleus principalis is now 
composed of two groups of cells, a ventral large celled group 
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and a dorsal small celled group (fig. 10). These two groups 
represent the pars superior and pars inferior of the nucleus 
preopticus principalis of Loo ( '31). 

The nucleus of the anterior commissure is continued caudally 
at the ventral aspect of the anterior commissure into the dorsal 
part of the preoptic area as a smdl  rounded group of small 
neurons on either side of the midline (fig. 9). This group 
can be traced to the caudal extreme of the anterior commissure, 
where it disappears. I n  the rabbit material available there is 
not sufficient cellular differentiation to justify the designa- 
tion of this part as a separate nucleus, as is the case in the 
opossum where Loo ('31) has described it as nucleus pre- 
opticus anterior. 

Perivelztricular preoptic area (figs. 9, 10, 16). This area 
lies between the medial preoptic area and the third ventricle. 
Rostra1 to the cephalic extreme of the preoptic recess of the 
third ventricle the midplane of the transverse series studied 
is occupied by a triangular group of small cells which appears 
to be a forward extension of the periventricular gray (fig, 9), 
with somewhat more special cellular differentiation. This 
group is bounded laterally by the nucleus preopticus principalis 
and dorsally by the anterior commissure, and extends ventrally 
to the lower border of the brain wall, but is soon split into 
two lateral halves ventrally by the rostra1 extreme of the third 
ventricle and becomes continuous with the periventricular gray 
caudal to this level. This group is here designated as the nu- 
cleus preopticus medianus, since it is homologous to a nucleus 
of the same name described by Loo ('31) in the opossum. 

Nucleus preopticus periventricularis is the term applied to 
the narrow band of small cells on either side of the third 
ventricle in the preoptic area (fig. 10). These neurons are not 
very deeply stained and present a slight lamellar arrange- 
ment. Ventrally these cells follow the slightly lateral extension 
of the ventricle over the optic chiasm (fig. 16, unlabeled). 
Laterally the periventricular nucleus merges insensibly into 
the gray of the medial preoptic area, rostrally it is continuous 
with the nucleus preopticus medianus, and caudally it is con- 



336 M. WHARTON YOUNG 

tinued into the hypothalamic region as the hypothalamic peri- 
vent.ricular gray. 

FIBER CONNECTIONS O F  THE TELENGEPHALON 

Olfactory werue, uomeronasal werue, terminal werue 
These nerves have been discussed in early pages (298, 302) 

of the present account in order to establish the relations of the 
olfactory nerve to the layers of the olfactory bulb, of the 
vomeronasal nerves to the layers of the accessory olfactory 
bulb, and of these nerves to the nervus terminalis. They do 
not require further description here (McCotter, '12 ; Huber 
and Guild, '13). 

Olfactory tracts 

An account of the olfactory tracts in mammals, including 
man, is available in most of the standard texts on the anatomy 
of the nervous system and these tracts have been described by 
most workers on the mammalian forebrain. In  view of these 
various accounts the present consideration of these tracts is 
relatively brief, emphasis being laid on certain phases of 
these connections about which there may be differences of 
opinion. It is generally recognized that while these tracts 
arise in part from mitral and certain large granule cells of 
the olfactory bulb, they are supplemented by neurons from 
secondary olfactory centers within the hemisphere, such as 
the nucleus olfactorius anterior. These tracts may in all 
probability also carry fibers entering the nucleus olfactorius 
anterior from lower centers, as Herrick ('24) has empha- 
sized. The following accounts are based on rabbit material 
with the guinea pig material used to supplement. Unless 
specifically stated to the contrary, the descriptions apply to 
the rabbit. 

The mitral and large granule cells (cellulae a houpette) 
in all parts of the olfactory bulb send their neuraxes centrally 
to form the internal medullary lamina of the bulb from which 
the majority of the olfactory tracts may be said to arise, 
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since they are but the caudal continuation of these fibers. On 
the basis of their topographical relation the tracts are usu- 
ally designated as lateral, medial, and intermediate olfactory 
tracts. Rostrally all these tracts are placed central to the 
olfactory formation, while caudal to the fissura circularis the 
medial and lateral tracts assume a superficial position in the 
crus, peripheral to the nucleus olfactorius anterior, but the 
intermediate tract retains its central position in relation to 
this nucleus and is in close proximity to the olfactory ventricle. 

Lateral olfactory tract (figs. 3 to 10, 18 to 22, 24, 25, 28). 
This tract, in both the rabbit and the guinea pig, begins ros- 
trally as two major peduncles, one of which is situated dorsal 
to the olfactory ventricle and is composed largely of efferent 
fibers from the accessory olfactory bulb (the majority of which 
enter the lateral tract) ; the other bundle is situated ventral to 
the olfactory ventricle and is formed by fascicles from the in- 
ternal medullary lamina of the bulb (figs. 3 and 18 ; also Wink- 
ler and Potter, '11, fig. I). The dorsal bundle begins at the 
rostral extreme of the accessory bulb and extends to the 
caudal extreme of the same. The ventral bundle begins a short 
distance behind the plane of the rostral extreme of the pars 
lateralis of the anterior olfactory nucleus (which separates 
the lateral olfactory tract from the internal medullary lamina 
of the bulb) and extends to the caudal extreme of the olfactory 
formation. The lateral olfactory tract enlarges rapidly from 
its rostral extreme to the caudal plane of the accessory bulb 
due to the constant addition of fibers by way of its dorsal 
and ventral peduncles. Caudal to the fissura circularis the 
lateral tract assumes a superficial position, spreading over 
the lateral surface of the crus. The pars lateralis of the 
anterior olfactory nucleus lies at its medial aspect, appear- 
ing here coincidentally with the disappearance of the olfactory 
formation from the lateral aspect of the tract. In the cross 
section series the lateral olfactory tract, caudal to the plane 
of the accessory olfactory bulb, can be divided into the follow- 
ing three parts: a thin dorsal part, which spreads along the 
dorsolateral surface of the crus and joins with fibers from the 
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medial side of the same; a ventral part, which spreads along 
the ventrolateral aspect of the crus to the fascicles of the 
medial olfactory tract; and a pars intermedia, lying between 
the two above stated portions which is particularly massive 
in the rabbit and forms the bulk of the lateral olfactory tract. 
The ventral and intermediate parts are more nearly the same 
size in the guinea pig. A similar division has been noted in 
the lateral olfactory tract of the opossum by Herrick ('24) 
and Loo ( '31). It is noteworthy that coincident with this 
division of the lateral tract at the plane of the caudal extreme 
of the accessory olfactory bulb, there is a similar division 
of the pars externa of the lateral limb of the anterior olfactory 
nucleus (p. 306) into dorsal and ventral tailpieces (fig. 5), 
which in their further caudal course parallel that of the re- 
spective parts of the lateral tract. Obenchain ('25, p. 194) 
believed that the pars externa is formed in phylogeny as a 
result of the neurobiotactic action of the lateral olfactory tract 
fibers upon the cells of the pars lateralis of the anterior olfac- 
tory nucleus. This caudal splitting of the pars externa would 
then seem to indicate that the particular fibers of the lateral 
tract, under the influence of which the pars externa is formed, 
have become aggregated in the dorsal and ventral portions of 
the tract, effecting the splitting of the nucleus, and the caudal 
course of the dorsal and ventral tailpieces (of the nucleus) 
would then suggest the course of distribution of these particu- 
lar fibers. It is suggested here that the particular fibers in 
question are the efferents from the accessory olfactory bulb. 
Herrick ('21) traced these fibers in the frog from the acces- 
sory bulb to a ventrolateral group of cells which he believed 
to be the anlagen of the amygdaloid nucleus, but their specific 
distribution in higher forms has not been determined. 

The dorsal limb of the lateral tract (figs. 18 and 19) con- 
tinues caudally and medially to blend with the medial tract 
fibers in the dorsal part of the crus. It distributes to  the 
rostra1 part of the pyriform cortex within the crus and caudal 
thereto. Caudal to the base of the crus it occupies the lateral 
aspect of the pyriform lobe between the rhinal and endorhinal 
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fissures. The ventral limb (figs. 18 and 19) of the lateral 
tract continues caudally and medially and blends with the 
fascicles of the medial olfactory tract near the pial surface 
of the ventral aspect of the crus, forming thus the ventral 
olfactory tract of some authors. This ventral part continues 
caudally in the external plexiform layer of the tuberculum 
olfactorium and supplies this structure. The ventral part 
of the lateral olfactory tract also gives fibers to the pars 
posterior of the anterior olfactory nucleus and the pyriform 
cortex. The intervening portion of the lateral tract (figs. 18 
to 22, 24, 25) forms the main bulk of this tract; it lies ventral 
to  the endorhinal fissure and continues to contribute fibers to 
the dorsal limb of the tract. As the sections are followed 
caudally, the lateral olfactory tract gradually grows smaller 
as it contributes fibers to the pyriform cortex and spreads 
over a large area of the lateral surface of the pyriform lobe. 
It also gives off fibers medially to the tuberculum olfactorium. 
The majority of observers have agreed that the tuberculum 
is the recipient of olfactory tract fibers from the olfactory 
formation, although Beccari ('10) was not able to trace ol- 
factory fibers to this area. The lateral olfactory tract gives 
fibers to  the nucleus of the lateral olfactory tract and the 
anterior amygdaloid area, and, caudal to this plane, cannot 
be recognized as a definite tract. 

The medial ol- 
factory tract is the smallest of the three tracts in both the 
rabbit and the guinea pig. It is represented by somewhat 
loosely scattered fascicles along the medial and ventral aspects 
of the crus. Ventrally it approximates the ventral part of 
the lateral tract and enters into the formation of the so-called 
ventral olfactory tract described above. At certain levels 
through the crus the fibers of the medial tract swing dorsal- 
ward toward the more medial fascicles of the dorsal part of 
the lateral olfactory tract (fig. 19). Thus it can be seen that 
these olfactory tract fibers practically encircle the crus just 
within its pial surface, and any division of the same on a 
topographic basis is largely academic. The remaining fibers 

Medial olfactory tract (figs. 19 and 27). 
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of the medial olfactory tract continue caudally along the 
medial and ventromedial aspect of the crus and into the 
medial septal area for an undetermined distance. This medial 
tract contributes fibers to the anterior olfactory nucleus, the 
precommissural hippocampus, the medial septal nucleus, and 
the medial aspect of the tuberculum olfactorium (the medial 
rolled portion of the tuberculum olfactorium is labeled the 
nucleus of the medial olfactory tract by Livini, '08, and others). 
Whether or not any of the axons of this tract continue caudally 
into the medial forebrain bundle without synapse cannot be 
stated from a study of the material at hand. 

This 
tract is composed of fibers which surround the olfactory ven- 
tricle of the bulb. In  the crus they accumulate at the lateral 
aspect of the ventricle and hence they lie central to the anterior 
olfactory nucleus in contrast to both the above described tracts. 
The intermediate olfactory tract receives many fibers from 
this nucleus, and, as the tract is traced caudal to the olfactory 
formation, it continues to increase in size as a result of the 
constant accessions of fibers from this nucleus. Caudal to 
the base of the olfactory crus the intermediate olfactory tract 
forms a distinct, oval bundle of fibers which has successively 
the following relations; ventral to the anterior horn of the 
ventricle, then ventral to the head of the caudate nucleus, a 
little farther caudally forming the constriction between the 
caudate and the accumbens nucleus, and gradually approach- 
ing the midline to cross as the most rostra1 component of the 
anterior commissure. I n  its course through the forebrain 
it is joined at its lateral aspect by fibers from the pyriform 
lobe and from the anterior part of the external capsule, which 
collectively comprise the anterior limb of the anterior com- 
missure. As has been demonstrated by the degeneration ex- 
periments of Lowenthal (1897; see also Edinger, '11, fig. 291) 
and Ram6n y Cajal ('ll), the interbulbar fibers terminate in 
a similar area on the opposite side from which they arise. 
Hence each interbulbar tract contains both afferent and 
efferent fibers. 

Imtermediate olfactory tract (figs. 19, 20 and 28). 
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Tertiary olfactory connections within the hemisphere 
Olfacto-corticaE fascicles. From those portions of the pars 

posterior and the pars medialis of the anterior olfactory nu- 
cleus which lie caudal to the crus many fibers arise and 
course dorsally into the deep fiber layer of the overlying 
medial cortex (the stratum sagittale externum of Winkler 
and Potter, '11, plate 111; the stria lateralis of Johnston, '13). 
These fibers establish olfacto-cortical connections and have 
been described by Johnston ('13) and are designated as the 
"ventral radiations of the ganglion olfactorium of Luys" 
by Winkler and Potter ('11). There is no satisfactory evi- 
dence in the present material to determine whether these fibers 
continue caudally in the stria lateralis (dorsal to the corpus 
callosum) to the hippocampus or terminate in the cortex of the 
immediate overlying region, although the former relation 
seems more probably from a comparison with lower forms. 
The available material does not show any direct fiber con- 
nection between the bulbar formation or the anterior olfactory 
nucleus, on the one hand, and the frontal pole of the cerebral 
cortex on the other hand, such as was described by Haller 
( '00) as funiculus olfacto-corticalis superior, for mammals, 
and by Kerrick ( '24) and Loo ( '31) for marsupials and Hines 
( '29) for Ornithorhynchus as the tractus olfacto-frontalis. 

Hippocampo-cortical fibers (figs. 6, 20). Throughout the 
greater part of the entire extent of the precommissural hippo- 
campus, fibers arise from its lateral aspect and course dorsally 
into the deepest fiber layer of the overlying cortex (the 
stratum sagittale externum of Winkler and Potter, '11). This 
connection may represent a vestige of the association bundle 
connecting the rostra1 and caudal parts of the hippocampus 
in marsupials. In  the rabbit these fibers appear to course 
with the lateral stria Lancisii to the retro- and sub-splenial 
portions of the hippocampus, but of this connection the pres- 
ent author is uncertain. 

Septa1 connectiom. The fiber connections of this area are 
numerous and complex, and have never been completely 
analyzed and homologized throughout the various forms. 
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Numerous contributions on submammalian forms have been 
made (Ariens Kappers, Huber and Crosby, '36). The phylo- 
genetic relations of the septal areas, together with certain 
fiber relations, have been discussed by Ariens Kappers ( ' Z l ) ,  
Young ('26), Ariens Kappers, Huber and Crosby ('36) and 
others. There have been many studies of this region in mam- 
mals by Zuckerkandl (1888), von Kolliker (1896), Elliot Smith 
(1897), Ram6n y Cajal ('11), Johnston ('13), Hines ('22), 
Loo ('31), and others. Part of these studies were concerned 
with acallosal brains, and this increases the difficulty of at- 
tempting homologies with higher forms where the development 
of the corpus callosum has altered the relations of this area 
to a very considerable extent. Crosby ( '17) suggested that 
there is a division of labor between the medial and lateral 
septal nuclei in reptiles; the medial nucleus being a way 
station for ascending impulses going toward the hippocampus, 
and the lateral nucleus a similar station for descending im- 
pulses coming from the hippocampus. Loo ( '31) accepted this 
interpretation and divided the septal area into a medial, a 
lateral, and an intermediate zone on the basis of its myelo- 
architecture. The following is a brief description of the fiber 
relations as observed in this area in the rabbit, especially 
as regards the principal nuclear groups of this area. Other 
fibers course through this region with a synapse in these 
nuclei. As a general statement, it may be said that the fibers 
are more numerous near the midline and are fewer and more 
scattered in the lateral part of this area, and the total fibers 
of this area are relatively fewer than in the same region of 
lower forms. 

Tuberculo-septa1 and septo-tubercular tracts (figs. 21 and 
27). Caudal to the plane of the olfacto-cortical fibers de- 
scribed above, fascicles are seen arising from the rostra1 
extreme of the tuberculum olfactorium and passing dorsally 
and caudally over the medial surface of the nucleus accumbens 
(along the zona limitans) to enter the septal area, where they 
disperse among the cells of the septal nuclei. These fibers con- 
stitute a tuberculo-septa1 pathway ; conduction probably also 
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occurs in the opposite direction, giving a septo-tubercular 
connection. They have been drawn but not labeled by Johnston 
(’13, fig. 66) in rabbit. Accompanying the tuberculo-septa1 
fibers are found certain fibers which arise farther lateralward 
from the medial pyriform area and swing medially and 
dorsally; these have been labeled the “medial radiations of 
the ganglia olfactoria” by Winkler and Potter (’11, plate 111). 
Running through the septal area are also numerous small 
fibers which connect the medial part of the tuberculum with 
the precommissural hippocampus. 

Tract of the diagonal band of Broca (figs. 22 and 27). This 
tract has been variously designated by different authors. It 
appears to be a part of the precommissural fasciculus of 
EIliot Smith (1897) and the posterior part of the ‘Riechbundel 
des Ammonhornes’ of Zuckerkandl (1888) and of Ram6n y 
Cajal ( ’11). Zuckerkandl considered it as efferent with respect 
to the hippocampus, while Ramon y Cajal (’11, p. 789-791) 
thought it to be afferent, although he stated that various 
authors have considered this pathway as being composed of 
both descending and ascending fibers. The concensus seems 
to regard it as a descending pathway. The tract of the di- 
agonal band is shown best in the sagittal series of the available 
silver preparations of rabbit (fig. 27). The majority of the 
fibers emerge from the ventral psalterium and course ven- 
trally and slightly forward through the nucleus of the diagonal 
band, which likewise begins in the dorsal part of the septum 
(p. 316) ; it receives additional fibers from the neurons of this 
nucleus and possibly forms synapses here. It follows this 
nuclear group through the septal area, receives fibers from the 
medial septal nucleus, and passes caudally beneath the ante- 
rior commissure, turning lateralward and caudalward across 
the ventral area of the brain (just caudal to the tuberculum 
olfactorium) to terminate in the region of the anterior amygda- 
loid area and the nucleus of the lateral olfactory tract. A 
few fibers of this tract probably continue to enter the pyriform 
area, and certainly many fibers from this latter area pass 
medially to the anterior amygdaloid area and the nucleus of 
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the lateral olfactory tract. I n  its lateral course the diagonal 
band passes through and ventral to the medial forebrain 
bundle and contributes fibers to the same. The tract of the 
diagonal band, therefore, follows the general course of the 
nucleus of the same name and serves in general to connect 
the hippocampus and septal areas with the ventrolateral ol- 
factory areas. The relations and connections as here ob- 
served in the rabbit agree essentially with those described 
by Johnston ('23) for this rodent. 

Cortico-septa1 and septo-cortical connections (see figs. 8, 24 
and 27, unlabeled). Fibers of the fornix arise in hippocampal 
cortex and course forward in the fimbria and superior fornix 
and some of them make connections with the septal nuclei, 
forming thus a cortico-septa1 pathway. It is very probable 
that many of the smaller and deeper staining fibers that ac- 
company these conduct in the opposite direction, constituting 
a septo-cortical path. However, the connections specifically 
with the medial and lateral septal nuclei cannot be determined 
in the rabbit as Crosby ('17) has done in the alligator. The 
development of the corpus callosum has doubtless disturbed 
these primitive relations. Loo ( '31) has described these tracts 
in the acallosal marsupial brain. In  addition to the superior 
fornix fibers mentioned above, many of the fibers of the medial 
stria Lancisii course around the rostra1 aspect of the genu of 
the corpus callosum (figs. 21 and 27) and terminate in the 
lateral septal nucleus, affording another pathway between the 
cortex and the septum. Johnston ('13) has shown that the 
stria medialis Lancisii is not a vestige of the hippocampus- 
as was formerly believed-since he has demonstrated it in 
marsupials which have a well-developed anterior hippocampus. 
He states that it is comparable to the reptilian fimbria. Some 
of the fibers accompanying the cortico-septa1 fibers from the 
hippocampus pass without synapse through the septal area 
and enter the medial forebrain bundle, thus representing a 
cortico-hypothalamic tract. 
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Interconnectiows between olfactory cemters of the hemisphere 
and lower centers 

Medial forebrain bundle (figs. 9 to 12, 21 to 26, 28). This 
bundle has been recognized by many students of both the sub- 
mammalian and the mammalian telencephalon. Among the 
workers on mammals may be mentioned Honegger (1890), 
Bischoff ( '00), Wallenberg ( '02), Dabrowski ( '13), Tsai ( '25), 
and Loo ( '31). There are differences of opinion with regard 
to the details of both origin and distribution of this bundle. 
I n  part, these differences are due to the inclusion or exclusion 
of certain components within this system. Fascicles from 
fornix longus, fibers from the ventrolateral part of the stria- 
tum, and fibers of passage or bundles from regions through 
which the medial forebrain bundle courses may or may not 
be included in this fiber complex, depending upon the inter- 
pretation of the author considered. In  the present account 
the bundle is regarded as an interconnection between the 
medial and ventral areas of the cerebral hemisphere and the 
tuberculum olfactorium, on the one hand, and hypothalamic 
and possibly tegmental regions on the other hand. This 
bundle may possibly carry ascending as well as descending 
fibers, bringing forward in this way visceral impulses from 
lower centers to the ventromedial part of the telencephalon, 
from which they may be relayed in part to the hippocampus. 
The following account of the medial forebrain bundle is based 
largely on a study of Weigert preparations of the guinea pig 
brain. As far  as the material permitted, this system, which 
is not well impregnated in the silver preparations, has been 
checked in the rabbit. From the pars medialis of the anterior 
olfactory nucleus, fibers arise and course caudally in the 
ventromedial part of the crus to enter the medial forebrain 
bundle. They form the medial olfacto-hypothalamic tract 
(fig. 20), which is the most rostra1 component of the bundle. 
Whether or not fibers from the olfactory formation accompany 
these fascicles in rodents, as Herrick ( '24) thought to be the 
case in opossum, is uncertain; at least they are not demon- 
strable in the material available. In the plane of the tubercu- 
lum olfactorium, caudal to the origin of the tuberculo-cortical 
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and tuberculo-septa1 tracts, the fibers emanating from this 
nucleus are seen to take a more obliquely caudal course and 
soon appear cross cut in the transverse series as they enter 
the medial forebrain bundle, of which they represent a major 
constituent-the tuberculo-hypothalamic tract (fig. 21). At 
this rostral level the medial forebrain bundle is diffuse and 
is composed of three or four large fascicles lying for the most 
part between the cortical and deep layers of the tuberculum 
olfactorium. Farther caudally these fibers are collected into 
a more compact bundle and its size considerably increased as 
a result of the constant addition of fibers. From the ventro- 
medial part of the caudate nucleus and from the nucleus 
accumbens, fibers arise to join the medial forebrain bundle 
constituting a strio-hypothalamic component (fig. 28). Joining 
the medial forebrain bundle at its ventrolateral aspect, but 
then running diagonally across its fibers, is the lateral olfacto- 
hypothalamic tract, which apparently is the ventral olfactory 
projection tract of Ram6n y Cajad ( 'll), and which may be 
considered merely as accompanying the medial forebrain 
bundle or, as is sometimes done (Gurdjian, '27), as a part of 
it (fig. 24). Probably the largest component of the medial 
bundle is the septo-hypothalamic tract (fig. 28), which courses 
ventrally from the lateral septal nucleus in order to enter the 
bundle a little rostral to the anterior commissure. These are 
the most lateral of the fibers in this region, the more medial 
fibers belonging to the precommissural fornix system. Ac- 
companying these fibers are some which seem to course through 
the septal area without synapse, and hence represent a cortico- 
hypothalamic path. The fibers contributed to the lateral 
aspect of the medial bundle from the tract of the diagonal 
band are probably of this nature. As the medial forebrain 
bundle is followed caudally beneath the anterior commissure 
it becomes somewhat smaller since many of its more medial 
fibers terminate in the preoptic area. The more lateral fibers 
become closely approximated to the ventral part of the lateral 
forebrain bundle and the two systems appear to be continuous 
in the transverse and sagittal series. The fibers of the medial 
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forebrain bundle, in general, are smaller and less heavily 
medullated than those of the lateral bundle, hence they stain 
less deeply and appear lighter in Weigert preparations. How- 
ever, this is not a cogent criterion for differentiating the two, 
since there is found an intermediate zone of fibers which may 
be considered as part of one or of the other systems. Caudal 
to the plane of the optic chiasm (fig. 26) the medial forebrain 
bundle assumes a more medial position and partly surrounds 
the descending fornix bundle, which lies at its medial aspect, 
and a few of its fibers accompany the fornix bundle into the 
mammillary body. The medial forebrain bundle grows pro- 
gressively smaller and more diffuse as it proceeds caudally 
through the hypothalamic area, indicative of the termination 
of many of its fibers in this area. In  the guinea pig series a 
few of the lateral fibers of the medial bundle can be followed 
caudal to the mammillary body into the interpeduncular 
region. These fibers course along with those of the mammil- 
lary peduncle and may be the homologue of such peduncular 
fibers as were described in lower forms by de Lange ('11) 
and others. It has not been possible in this study to follow 
the various components of the medial forebrain bundle 
throughout their individual course from origin to termina- 
tion, and hence their specific anatomical terminolo,T cannot 
be determined or applied at the present time. 

Hippocampal commissure amd f ormis complez. The dorsal 
and ventral hippocampal commissures (figs. 9, 10, 17, 23, 25, 
27, 28). The dorsal hippocampal commissure (the dorsal 
psalterium of von Kolliker, 1896 ; the hippocampal commis- 
sure in the more restricted sense) and the ventral hippocampal 
commissure (ventral psalterium of von Kolliker, 1896; or 
commissura fornicis ) have been generally recognized in mam- 
mals, though their spatial relations are somewhat different 
in acallosal as compared with callosal forms. The hippocampal 
commissures in the rabbit and the guinea pig consist of 1) fine, 
thinly myelinated fibers which in chrome silver preparations 
stain intensely, and 2) larger and more heavily myelinated 
fibers which stain lighter in the same series. Both types of 
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fibers are represented in each division of the commissure but 
the former type predominates in the dorsal commissure while 
the latter type predominates in the ventral. The dorsal com- 
missure lies dorsal to the subcallosal hippocampus and ventral 
to the corpus callosum; its fibers crossing the midline are 
plainly shown in sagittal series (figs. 27 and 28) as loosely 
arranged, cross-cut bundles. These extend from the dorsal 
aspect of the ventral psalterium forward around the rostral 
aspect of the hippocampus (subcallosal) and caudally, at  its 
dorsal aspect, as fa r  as the under part of the splenium of the 
corpus callosum, with the fibers of which it blends (fig. 27). 
This dorsal psalterium is composed almost wholly of the small, 
darkly stained fibers. I n  the rostral part of this crossing there 
is an exchange of fibers between the dorsal and ventral com- 
missures. 

The fibers from the caudal part of the hippocampus enter the 
alveus and course forward in the fimbria to the lamina termi- 
nalis (the lamina supraneuroporica of Johnston) , where the 
majority of them cross to the opposite side, forming the con- 
spicuous commissure of the fornix or ventral psalterium. 
These crossing fibers belong to the commissural system of the 
fornix and serve for coordination and correlation between the 
two sides of the hippocampus. However, all the fibers that 
course forward in the fimbria are not commissural in nature, 
many of them are projection fibers and continue forward 
(before or after crossing in the ventral psalterium) into the 
septa1 area as the fornix fibers. The hippocampus proper 
extends forward beneath the corpus callosum almost to  the 
plane of the anterior commissure, and fibers from its rostral 
extreme project directly forward to the fornix system with- 
out coursing in the h b r i a .  The ventral psalterium lies a 
little dorsal and caudal to the anterior commissure in the 
midplane, and in midsagittal series there is an almost con- 
tinuous cross-cut commissural system extending from the 
genu of the corpus callosum to the anterior commissure, 
embracing successively the genu, body and splenium of the 
corpus callosum, dorsal and ventral hippocampal commis- 
sures, and the anterior commissure (fig. 27). Such relations 
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support the theory of the formation of the corpus callosum 
in phylogeny (Elliot Smith, 1897, '10) by the development 
of neopallial commissural fibers in the hippocampal commis- 
sure or dorsal psalterium. Johnston ('13), on a basis of 
degeneration experiments in the opossum, in which he removed 
an area of the dorsal cortex lateral to the hippocampus and 
followed the degenerated fibers through the hippocampal com- 
missure, claims that this process (corpus callosum formation) 
has already been initiated in marsupials. Others doubt the 
existence of true callosal fibers in the dorsal commissure of 
these mammals. However, in the rabbit there is a restricted 
area at the caudal part of the dorsal psalterium which contains 
both hippocampal and corpus callosum fibers intimately inter- 
mixed, without any line of demarcation between the two 
systems. An intermingling of fibers of the hippocampal com- 
missure and the corpus callosum occurs also in the telen- 
cephalon of the bat (Humphrey, '36). This fact, in addition 
to other relations of the commissural system and fornix fibers, 
would seem to indicate that the rabbit occupies an intermediate 
position in this respect between marsupial and primate types. 

The fornix complex. The various parts of the fornix form 
the great efferent system of the hippocampal region. Con- 
sequently they have claimed the attention of many investi- 
gators. Anything like a complete review of the voluminous 
literature dealing with this subject in mammals is not only 
beyond the scope of the present article, but is quite unneces- 
sary, since much of it has been reviewed and re-reviewed by 
various students of this fiber system. Among certain earlier 
contributions may be mentioned those of Honegger (1890), von 
Kolliker (1896), Elliot Smith (1896,1896 a, 1897, '10, and else- 
where), Edinger and Wallenberg ('Ol), and Ram6n y Cajal 
( '11). The appearance of the corpus callosum led to the 
splitting off of a part of the original fornix system from the 
main body of the fornix. Such fibers swing around the 
splenium of the corpus callosum and extend forward over its 
dorsal surface as the striae Lancisii. From the genu region 
fibers continue forward along the anterior extension of the 
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hippocampus as the fasciculus marginalis (Elliot Smith, 
1896 a). Others swing around the genu to distribute to the 
septum in front of the anterior commissure. The fornix 
ventralis of Elliot Smith (1897) constitutes those fornix fibers 
undisturbed by the developing corpus callosum. It is obvious 
that in acallosal forms the dorsal and ventral fornix will be 
combined as a single bundle. Loo ( '31), working on the opos- 
sum, described precommissural and postcommissural fornix 
bundles ; obviously this is the interpretation of Elliot Smith, 
since in acallosal forms the precommissural and postcommis- 
sural fasciculi of the dorsal fornix and ventral fornix would 
run together. Edinger ('11) has also utilized the terms pre- 
and postcommissural fornix, and precommissural and post- 
commissural f ornix fibers have been recognized in the bat 
(Humphrey, '36). The precommissural f ornix in the rabbit 
consists of perforating fibers which break through the corpus 
callosum and form a conspicuous bundle lying immediately 
ventral to the corpus callosum on either side of the midline 
(the fornix superior of von Kolliker, lS96), and course for- 
ward to the septal area and then course ventrally through this 
area near the midline. Certain of the fascicles of the pre- 
commissural fornix, however, pass directly forward with the 
main fornix bundle (or ventral fornix) and swing in front 
of the anterior commissure in their ventral course to form 
the most caudal part of the precommissural system; and a 
small minority of those fibers which swing around the genu 
also join this system. Contrary to the accepted accounts, many 
of the superior fornix fibers decussate in their ventral course 
through the precommissural septal region (fig. 22)' crossing 
the midline as small fascicles alternating first from the right 
side and then from the left as the transverse sections are 
followed. The material available is not adequate for settling 
the long standing controversy concerning the origin of these 
perforating fibers ; such evidence as is available from this study 
supports the opinion that they arise from the gyrus fornicatus. 
The fibers from the main fornix bundle are undoubtedly hippo- 
campal in origin, and a few fibers are contributed by the ante- 
rior extension of the hippocampus. These fibers together form 



THE TELENCEPHALON OF THE RABBIT 351 

the precommissural f ornix which sweeps ventrally and caudally 
through the precommissural septal region, intermingled some- 
what with smaller, more deeply stained fibers (in chrome silver 
preparations) which constitute the tract of the diagonal band, 
which has been separately considered (p. 343). Some of the 
fibers terminate, or a t  least synapse, in the septal region; 
others end in the preoptic area; while still others reach the 
region of the medial forebrain bundle and proceed caudalward 
for an undetermined distance toward the mesencephalic region. 

The fimbria contributes in large part to the formation of the 
postcommissural fornix (figs. 25 to 28), although there are 
extensive additions from the fibers perforating the corpus 
callosum and fibers coming directly from the hippocampal 
formation (subcallosal part). In  its course through the septum 
it is joined by fibers arising in this area. The fibers constitut- 
ing the postcommissural fornix pass rostrally and slightly 
ventrally immediately in front of the ventsal psalterium, 
form a bend or knee by turning caudalward as two oval bundles 
of fibers, one on either side of the midline, and continue 
caudally, passing over to the dorsal aspect of the anterior 
commissure. Here the fornix columns form the anterior 
boundary of the interventricular foramen. At the lower 
border of the foramen (in the rostra1 part of the thalamic 
area) the fornix gives off laterally and dorsally the medial 
cortico-habenular and septo-habenular tracts, which enter into 
the formation of the stria medullaris. The main mass of the 
postcommissural fornix, carrying the cortico-hypothalamic 
and cortico-mammillary components, sweeps caudalward 
along the dorsal aspect of the preoptic area and then passes 
through the hypothalamus, where the cortico-hypothalamic 
fibers are given off, and continues to the mammillary body 
where the majority of the fibers terminate ; a few fibers, how- 
ever, enter the supramammillary commissure, beyond which 
they have not been traced. 

Stria medullaris (figs. 11, 25, 26, 28). The stria medullaris 
is phylogenetically a very old pathway, having representation 
in all vertebrate forms, even in those in which the olfactory 
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system is very greatly reduced, as in birds. As is to be 
expected, in view of its wide representation and its general 
recognition by students of this area, the literature which has 
grown up about its various components is enormous (Ariens 
Kappers, Huber and Crosby, '36). The stria medullaris of 
both the rabbit and the guinea pig is made up of several 
components, most of which unite near the mediodorsal angle 
of the rostral extreme of the thalamus to form a single tract 
which courses caudally in the dorsomedial angle of the same, 
supplying the habenular nuclei of the same side, and sends 
its caudalmost fibers through the habenular commissure to 
terminate in the opposite side. The habenular commissure 
lies immediately dorsal to the posterior commissure at the 
base of the stalk of the epiphysis (fig. 27). The following 
components have been identified in the series studied. 

Medial cortico-habenular tract (fig. 9). The fiber bundles 
of this tract arise in the hippocampal cortex (Ganser, 1882; 
Honegger, 1890 ; Lotheissen, 1894 ; Humphrey, '36 ; and others) 
and pursue an efferent course through the dorsal lamina 
terminalis along with the fibers of the postcommissural fornix, 
at the lateral aspect of which they can easily be recognized due 
to their smaller caliber and deeper staining in the chrome 
silver series. I n  the series of 1-day-old rabbit they appear 
to be unmyelinated. They are accompanied also by the septo- 
habenular fibers. As soon as the fornix swings beneath the 
interventricular foramen and enters the rostral extreme of 
the thalamus, the medial cortico-habenular fibers leave the 
main fornix bundle and turn laterally and dorsally to enter 
the rostral extreme of the stria medullaris (fig. 25) which is 
just forming in the dorsomedial part of the diencephalon. 
Practically all investigators agree on the existence of this 
component with the exception of Ram6n y Cajal ('11). 

As the medial 
cortico-habenular fibers and the fornix column course through 
the septa1 region they are joined by fibers which arise from 
the caudal part of the septum (nucleus septalis h b r i a l i s )  . 
These fibers form the most lateral of the group in this area 

Septo-habenular tract (figs. 24 and 28). 
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and accompany the medial cortico-habenular fibers into the 
stria medullaris. 

This component 
has been described by various authors (Johnston, '23 ; 
Gurdjian, '25 ; Berkelbach van der Sprenkel, '26 ; Loo, '31 ; 
Humphrey, '36). As the stria terminalis spreads out rostrally, 
some of the fibers from its ventral component swing medially 
and dorsally and some of these enter the stria medullaris near 
its rostral extreme. This amygdalo-habenular connection is 
quite small in the rabbit. 

Connections with the bed nucleus of the stria terminalis. In 
addition to the connection between the stria terminalis and 
the stria medullaris mentioned above, there are many fine 
fibers which arise from the cells in the dorsomedial part  of 
the interstitial nucleus of the stria terminalis and enter the 
rostral extreme of the stria medullaris, forming thus another 
pathway between these two fiber systems. 

Medial olfacto-habenular tract. From the cells in the 
medial preoptic area near the floor of the hemisphere, fibers 
arise and course dorsally to enter the ventral aspect of the 
stria medullaris near its rostral extreme. These fibers are 
very fine and unmedullated and show best in the silver series. 
I n  their course dorsally they lie medial to  the lateral olfacto- 
habenular and lateral cortico-habenular tracts. Hines ( '29) 
described a preoptic component of the stria medullaris in 
Ornithorhynchus, and Gurdjian ( '27) and Humphrey ('36) 
found medial olfacto-habenular fibers in the rat and the bat, 
respectively. This tract is apparently homologous to the 
tractus olfacto-habenularis principalis described by Loo ( '31). 
A few of the more caudal fibers of this tract in the rabbit seem 
to arise from the nucleus tangentialis (Gurdjian, '27), but 
their origin from this source is not definite. Apparently this 
small caudal component corresponds to the tractus olfacto- 
habenularis supraopticus of Loo ( '31). 

Lateral olfacto-habenular tract (fig. 25). The fibers of this 
tract arise in the lateral preoptic area, possibly from the 
interstitial nucleus of the medial forebrain bundle and some 

Stria terminalis component (fig. 25, C). 

THZJ JOURNAL OF OOMPAEATIVE NEUROMGY, VOL. 65 



354 M. WHARTON YOUNG 

may even represent stem fibers or collaterals of the latter 
tract. Gurdjian ('25) described these fibers as arising from 
the caudal part of the tuberculum olfactorium and rostral 
third of the preoptic area in the rat. Craigie ('25, p. 74) has 
quoted Herrick as having listed as the largest component of 
the stria medullaris in the rat, a tractus olfacto-habenularis 
anterior, which arises in the tuberculum olfactorium and 
passes backward with the medial forebrain bundle to the level 
of the optic chiasm, where they turn dorsally. The fascicles 
thus listed by Herrick probably fall within the bundle here 
described as the lateral olfacto-habenular tract, but this latter, 
taken independently, is not the largest component of the stria 
medullaris in either the guinea pig or the rabbit. I n  both these 
rodents the lateral olfacto-habenular fibers course dorsally 
from their position among the fibers of the medial forebrain 
bundle and join the lateral cortico-habenular fibers at an 
acute angle, and the two tracts pursue their further dorsal 
and rostral course together and enter the rostral extreme of 
the stria medullaris. I n  this course they lie lateral to the 
descending fornix columns and medial to the lateral fore- 
brain bundle. They surround and form a fibrous capsule for 
a conspicuous group of cells lying lateral to the fornix which 
has been described (p. 332) as the encapsulated part of the 
interstitial nucleus of the stria terminalis. 

Lateral cortico-habenular tract (fig. 25). The fibers of this 
tract arise from the deep layer of the pyriform area and course 
medially and dorsally through the interstices of the medial 
and lateral forebrain bundles, forming an imperfect boundary 
between the two fiber systems. Then they join with the lateral 
olfacto-habenular tract and continue their course into the 
stria medullaris with this bundle. Fascicles of this tract 
decussate in the habenular commissure, and it is altogether 
possible that this bundle carries in part commissural fibers 
between the lateral hemisphere regions, as is known to be 
the case with the homologous bundle of certain lower forms 
such as reptiles. Craigie ('25) listed a strio-habenular tract 
in some mammals, and if such exists in the guinea pig or rabbit 
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it is closely associated with the lateral cortico-habenular 
system of fibers. 

Sulmmary of gemeral relatiom of stria medullaris. From 
the foregoing description it is evident that the stria medullaris 
represents a very complex system of fibers. The hippocampus 
and septa1 areas are put in connection with it through the 
medial cortico-habenular and septo-habenular tracts. The 
lateral olfactory areas are connected with it through the lateral 
cortico-habenular tract and the stria terminalis. The medial 
olfacto-habenular tract forms a pathway between the medial 
olfactory area and the habenula while the lateral olfacto- 
habenular tract probably transmits impulses from the tu- 
berculum and the preoptic area. All these various components 
converge into a single tract which courses caudally a t  the 
mediodorsal angle of the thalamus; the majority of them 
terminate in the habenular nuclei, which are important cor- 
relation centers, while a few fibers cross in the habenular 
commissure and terminate on the opposite side. 

Stria termimaZis (figs. 9 to 15,23 to 26). Von Kolliker (1896), 
Winkler and Potter ('ll), and Johnston ('23) have con- 
tributed largely to the present knowledge of the stria terminalis 
in the rabbit. Gurdjian ('25, '28) and Craigie ('25) have 
described it for the rat. By far the most complete accounts 
of the stria terminalis thus far offered are for the opossum 
(Johnston, '23 ; Berkelbach van der Sprenkel, '26) and for  the 
bat (Humphrey, '36) since in these forms the morphologic 
relations favor such an analysis. I n  the rabbit and guinea 
pig, as in other mammals, the stria terminalis serves es- 
sentially for  connecting the lateral olfactory areas of the 
hemisphere (the amygdaloid complex) with the preoptic, the 
hypothalamic, and, in small part, the epithalamic areas. From 
these latter centers the impulses are discharged to centers 
lying farther caudalward through various efferent paths. 
While the direction of conduction in the stria terminalis can- 
not be determined in the available material, nor has it been 
done satisfactorily and completely for any form, the con- 
census is that in large part it is efferent with respect to hemi- 
sphere centers. In  the region of origin and termination of 
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this bundle the several components of the stria terminalis 
can be followed into relation with specific nuclear masses. 
However, in its course between these two extremes the several 
components arc collected into a more or less compact bundle 
and with certain esccptions, cannot be individually identified 
and traced as specific components in the available series. 
Johnston ('23) arrived at  the same conclusion with respect 
to the rabbit material which he studied, and a similar opinion 
is held by Obenchain ('25) and Olive Smith ('30) in regard to 
their series. Fortunately, several of the components are 
differentially stained in the guinea pig series studied, thus 
facilitating greatly their identification and study. 

Supracommissural component of the stria terminalis (fig. 
23). From the region of the basal and the cortical nuclei 
and the intercalated mass of the amygdaloid complex, rela- 
tively dark staining fibers arise and swing dorsalward toward 
the stria terminalis as it accumulates into a definite bundle on 
the under side of the internal capsule. These fibers form the 
most ventral component of this bundle in this position. As the 
stria terminalis swings around the caudal end of the internal 
capsule, these dark staining fibers form the outer or most 
caudal portion of the stria terminalis complex, and when the 
latter attains a position dorsal to the internal capsule these 
dark staining fibers attain a position along the ventricular 
wall forming the most dorsal component of this bundle. At 
the level of the anterior commissure, where the stria termi- 
nalis breaks up into its various components, these dark fibers 
swing ventralward around the anterior aspect of the anterior 
commissure forming the supracommissural component of the 
stria terminalis. These fibers in part reach the cephalic 
end of the preoptic area; some of them may pass farther 
caudalward with the fascicles of the medial forebrain bundle 
but there is no direct evidence of this distribution. The 
supracommissural component therefore supplies the gray in 
the medial part of the area rostra1 and ventral to the anterior 
commissure. The details of the course and relations of this 
component of the stria have been given for marsupials (Johns- 
ton, '23; Berkelbach van der Sprenkel, '26). The above ac- 
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count is in essential agreement with their results, particularly 
those of the latter author. No account of this system as it 
passes through the stria or its relation to the amygdaloid areas 
has been given previously for rodents so far  as the present 
writer is aware. 

The commissural component of the stria terminalis (figs. 
23 and 24). From the regian of the nucleus of the lateral 
olfactory tract a small, dark staining, rounded fascicle ac- 
cumulates and swings dorsalward and caudalward toward the 
under side of the internal capsule, where it joins other bundles 
of the stria but is distinguishable from them throughout its 
entire course due to its deeper stain and rounded or oval 
outline. It forms a ventral component of the stria which 
can be followed around the caudal border of the internal cap- 
sule system and then forward to the plane of the anterior 
commissure. At  this level this small, dark stained component 
swings ventrally and medially to enter the caudal part of the 
anterior commissure, in which it decussates. After decus- 
sation it swings dorsolaterally into the stria terminalis of 
the opposite side and follows back along this bundle to the 
nucleus of the lateral olfactory tract. Johnston ( '23) described 
this component for the opossum and spoke of the stria termi- 
nalis component of the anterior commissure in the rabbit as 
being very small, but gave no details concerning it. Gurdjian 
('25, contrary to Craigie's misstatement of this author, '25, 
p. 95) was unable to trace these fibers through their course in 
the stria terminalis of the rat. Recently this component has 
been carefully analyzed in the bat (Humphrey, '36). 

Preoptic component of the stria terminalis (figs. 23 and 
24). The preoptic component is the largest and most caudal 
component of the stria terminalis as it disperses anteriorly. 
Here these fibers leave the main strial bundle from a plane 
through the transverse limb of the anterior commissure to a 
plane through the most rostra1 fibers of the superior thalamic 
radiations. They course medially and ventrally over the medial 
aspect of the internal capsule and enter the dorsal aspect of 
the medial preoptic area. Some of the more caudal fibers 

I 
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enter the hypothalamus. As these fibers descend from the 
main bundle of the stria terminalis they are interspersed 
among the cells of the interstitial nucleus of this stria, which 
likewise merges with the gray of the medial preoptic area 
(fig. 16). The infracommissural bundle of Johnston ('23) is 
made up of the more rostral fibers of this component. 

Stria medullaris component of the stria terminalis (fig. 25). 
This component was described under the components of the 
stria medullaris (p. 353). 

Interstitio-hypothalamic tract (amygdalo-hypothalamic 
tract) (fig. 25). This component arises from the interstitial 
nucleus of the stria terminalis, caudal to the plane of the 
anterior commissure, and passes medially, caudally, and ven- 
trally over the dorsal aspect of the fornix column and joins 
the medial cortico-hypothalamic tract, with which it disperses 
among the neurons of the periventricular preoptic area. No 
fibers were. traced directly from the stria terminalis into this 
component in the guinea pig. I n  the rabbit there is a sugges- 
tion of added fibers direct from the stria terminalis. It seems 
probable that this interstitio-hypothalamic tract is comparable 
to the amygdalo-hypothalamio tract of the rat (Gurdjian, '27). 
In  its course the fibers of this tract pass ventral to the rostral 
part of the stria medullaris and dorsal to the encapsulated 
part of the interstitial nucleus of the stria terminalis. The 
tract then passes over the dorsal aspect of the descending 
fornix column to reach its medial aspect, where it turns 
ventrally into the periventricular area. Winkler and Potter 
( '11, plate X) have shown but not labeled these fibers. 

Connections of the bed nucleus of the stria terminalis. The 
bed nucleus of the stria terminalis is a place of synapse for 
many of the fibers of this stria, and here a number of its fibers 
originate or terminate. The fibers of this nucleus to the stria 
medullaris have been described under the discussion of this 
las t-named system. The inters ti tio-hypo thalamic tract is dis- 
cussed in the previous paragraph and in addition to these, 
many small, short fibers are seen coursing from this nucleus 
around the ventral angle of the lateral ventricle (in the plane 
of the anterior commissure) into the nucleus fimbrialis septalis. 
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These fibers outline the course of an arc with its concavity 
directed laterally toward the ventricle and serves to inter- 
connect the bed nucleus of the stria terminalis and the septa1 
nucleus. 

Summary of the gerteral relatiom of the stria terminalis. 
The stria terminalis arises from various nuclear groups of 
the amygdaloid complex-the basal, the cortical, the medial, 
and possibly other amygdaloid nuclei and the nucleus of the 
lateral olfactory tract. The various bundles converge on the 
caudoventral border of the internal capsule. From here the 
fibers swing around the caudal end of the internal capsule 
system as a broad, flattened band to reach the dorsal side of 
this system. This occurs in a plane through the rostra1 end 
of the lateral geniculate nucleus (fig. 26). It now continues 
forward, roughly in a horizontal plane close to the floor of the 
lateral ventricle at the medial aspect of the tail of the caudate 
nucleus and dorsal to  the internal capsule. Through this 
part of its course the fibers of the superior thalamic radiation 
course transversely at its medial and ventral aspect. There 
are very few cells associated with the stria terminalis in this 
part of its course, a very few being scattered here and there 
along its lateral aspect, adjacent to the caudate, but these 
could hardly be considered as constituting an interstitial nu- 
cleus for  this tract. As the stria reaches the plane of the 
anterior commissure its relations are slightly altered, for  at 
such a level it is bounded dorsally by the lateral ventricle, 
medially by its interstitial nucleus, ventrally by the internal 
capsule, and laterally by the caudate nucleus (figs. 23 and 24). 
In this region it turns medially and ventrally and breaks up 
into its various components. As has been indicated in the 
earlier descriptions, these components distribute to the gray 
in the region of the anterior commissure, to the preoptic and 
possibly anterior hypothalamic areas, and in small part to  
the epithalamus through the stria medullaris component, while 
interamygdaloid connection is provided by the commissural 
bundle. Primarily, then, the stria terminalis relates the 
amygdaloid complex with its fellow of the opposite side and 
with the medial basal centers of the telencephalon. 
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Amterior cornwtissure 
Practically all workers on the forebrain have given more or 

less consideration to this, its oldest commissure, and all text- 
books on nervous anatomy devote some space to its descrip- 
tion. However, the literature reveals a lack of agreement 
concerning the origin and termination of the various systems 
that compose this commissure. The following account of the 
components of the anterior commissure is based primarily on 
the silver preparations of the rabbit brain available for the 
present study. However, many of the details have been docu- 
mented in the guinea pig material. Viewed in sagittal sec- 
tion the anterior commissure appears as a rounded (almost 
circular) band of fibers just beneath the ventral psalterium 
(figs. 17, 27, 28), bulging slightly backward into the cavity 
of the third ventricle. By virtue of differential staining the 
components of the anterior commissure (figs. 9, 10, 20 to  24, 
27, 28) are easily distinguishable from each other. These 
components are considered as follows : 

Anterior limb of the alzterior commissure (figs. 20 to 22,28). 
The fascicles making up the anterior limb of the anterior 
commissure form the most rostral component of that commis- 
sure as it crosses the midline and are distinguishable in silver 
preparations by reason of their darker staining. The anterior 
limb is ‘U’ shaped in general outline, with the extremities of 
the ‘U’ extending forward into the olfactory bulbs while its 
convex part occupies the rostral part of the anterior commis- 
sure proper. It is composed largely of interbulbar fibers 
(p. 340) accompanied by fibers from the nucleus olfactorius 
anterior, the tuberculum olfactorium, the anterior pyriform 
area (Rothig, ’09), and joined at its lateral aspect by many 
fibers from the external capsule. The interbulbar fibers con- 
stitute the intermediate olfactory tract and are largely, if not 
wholly, commissural (Ram6n y Cajal, ’11) ; that is, they inter- 
connect the two olfactory bulbs. It is of interest that the inter- 
tubercular fibers form a separate bundle in the bat 
(Humphrey, ’36). The external capsule component intercon- 
nects the lateral and ventral neopallial areas of the two sides. 
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Rothig ( '09) regarded the connections from the olfactory areas 
behind the bulb (prepyriform cortex) as possibly constituting 
a lobolobar commissure, but this needs further proof, although 
such a relation seems probable. Some of the fibers accom- 
panying the anterior limb of the anterior commissure are 
probably not commissural in nature but association tracts, 
connecting cortical areas on the same side. 

Tramverse limb of the anterior commissure (figs. 9 and 22). 
The transverse limb of the anterior commissure crosses the 
midline between the anterior and posterior limbs, and might 
logically be considered as a middle limb of this commissure. 
It extends farther laterally than the other limbs and then 
spreads out fan-shaped into the external capsule and hence 
extends over a much greater area here than it occupied in 
its compact crossing in the commissure proper. The transverse 
limb is composed largely of these external capsule fibers, the 
cells of origin of which lie in the lateral and ventrolateral 
areas of the general neopallial cortex. As stated in the pre- 
ceding paragraph, some external capsule fibers from the ante- 
rior part of the cortex join the lateral aspect of the interbulbar 
fibers and course caudally as a component of the anterior limb 
of the anterior commissure to cross with it in the commissure. 
I n  a similar manner, the external capsule fibers from the pos- 
terior regions of the neopallium course with the posterior 
limb of the anterior commissure to cross the midline in this 
commissure. However, the majority of the external capsule 
component of the commissure belongs to  the transverse limb 
of the anterior commissure. These fibers stain lighter in the 
chrome silver series than do those of the anterior limb. As 
the transverse limb courses medially from the ventral aspect 
of the external capsule to the commissure proper, it passes 
across the ventral part of the internal capsule, some fibers of 
which course between the fascicles of the transverse limb in 
order to reach its ventral aspect. However, no additions of 
internal capsule fibers to the commissure are evident in the 
material studied. Such a connection has been said to exist 
exclusively in diprotodonts (Elliot Smith, '02), but such a 
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component is also found in the bat (Humphrey, '36). Numer- 
ous vertically coursing fibers are seen passing between the 
fascicles of the transverse limb interconnecting the putamen 
proper with its ventral part (figs. 21 and 22; the nucleus 
intermedius striati of Loo, '31) but again it has not been 
possible to follow any of the fibers from the putamen into the 
transverse limb and across the midline in the preparations 
studied, as Loo ('31) did in the opossum. There are, how- 
ever, fibers from the pyriform area that join the transverse 
limb and are undoubtedly commissural in nature. 

Posterior limb of the anterior cornmisswe (figs. 12, 23, 24). 
The posterior limb of the anterior commissure outlines the 
course of a 'U' as does the anterior limb, but the extremities 
of the 'U' extend caudalward rather than rostralward. In 
its caudal course the posterior limb extends along the ventro- 
lateral aspect of the putamen to its caudal extreme, and then 
along the lateral aspect of the lateral amygdaloid nucleus 
almost to the caudal extreme of the amygdaloid area. Through- 
out its course it receives fibers from the pyriform area and 
external capsule in addition to those from the amygdala. A 
small basal and a large lateral interamygdaloid component are 
described by Humphrey ('36) in the bat. This component 
continues forward to the plane of the transverse limb of the 
anterior commissure with which it turns medialward to cross 
the midline in the posterior part of the anterior commissure. 
The commissural fibers of the stria terminalis lie at the pos- 
terior dorsal aspect of the posterior limb in the anterior 
commis sure. 

A general consideration o f  the anterior commissure. From 
the foregoing account it is evident that the anterior commis- 
sure carries various systems of fibers. In  its anterior limb 
pass fibers of the intermediate olfactory tract, which con- 
stitute the interbulbar component found in mammals in gen- 
eral, including man. I n  its posterior limb, particularly, and 
to less extent in its anterior and transverse limbs, are inter- 
connections between the pyriform lobe of one side and the 
corresponding regions of the opposite side. The posterior 
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limb serves also to interconnect the amygdaloid nuclei of the 
two sides (especially the lateral nucleus of this group). These 
connections correspond to the intertemporal component, which 
also is found in mammals in general, including man. The com- 
missural fibers of the stria terminalis as described for the 
rabbit are comparable to similarly described fibers in other 
mammals and man. In the transverse limb of the anterior 
commissure, and to a small extent in the anterior and posterior 
limbs, there are fascicles which run through the external 
capsule and swing medially at its ventral aspect to cross in 
the commissure, thus providing a commissural pathway for 
the lateral and ventral neopallial regions of the hemisphere. 
Thus they form a neopallial commissure which is the largest 
component of the anterior commissure in the rabbit. It sup- 
plements the relatively small corpus callosum of this rodent. 
I n  the bat likewise (Humphrey, '36) the largest component 
of the anterior commissure is neopallial, but includes a few 
fibers entering by way of the internal capsule in addition to 
the great mass of fibers entering by way of the external 
capsule. In  the opossum, with the exception of a very few 
fibers which cross in the dorsal hippocampal commissure 
(Johnston, '13, Ariens Kappers, '21), all the neopallial com- 
missure fibers decussate as components of the anterior com- 
missure, reaching it by way of external capsule fibers. I n  the 
other marsupials (Elliot Smith, '02 ; Obenchain, '25) similar 
relations maintain, except that Elliot Smith found that in 
the diprotodont brains studied by him part of the neopallial 
fibers reach the lateral border of the anterior commissure by 
way of the internal rather than by the external capsule. He 
termed such fibers the fasciculus aberrans. I n  most higher 
mammals the majority of the neopallial commissural fibers 
cross as a dorsal corpus callosum, and a neopallial component 
of the anterior commissure has not been generally recognized, 
although van Valkenberg ( '11) is of the opinion that a remnant 
of this neopallial component of the anterior commissure per- 
sists. At all events, with respect to the development of the 
corpus callosum and the anterior commissure the rabbit oc- 
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cupies an intermediate position between that of the mar- 
supials, on the one hand, and higher mammals on the other 
hand, since it presents a well-developed corpus callosum as 
well as a massive neopallial component of the anterior com- 
m i s  sur e. 

Imtrahemispheric connectioms of striatum (exclusive of 
amygdaloid complex) 

Cortico-striate fascicles (figs. 21, 22, 23). The greatest 
interest with regard to intrahemispheric connections of the 
caudate and lentiform nuclei centers at present around the 
possibility of connections of these centers with the cortex. 
About such connections there has been great difference of 
opinion. Thus von Gudden (1870), F'lechsig (1876), Wilson 
('14), C. and 0. Vogt ('20), and others could not establish 
connections between the cortex and the striatum. Bianchi 
and d'Abundo (1886) and Marinesco (1895), after experi- 
mentation with dogs, reached the conclusion that cortico- 
striate fibers were present. Economo ('10)' Ram6n y Cajal 
( T I ) ,  and others have favored these connections by way of 
collaterals of internal capsule fibers. Von Gudden (1881), 
Sachs ( '09), von Monakow ( '25), Kodama ( '27), and Coenen 
( '27) believed that they could establish connections between 
the cortex and the caudate nucleus, usually as accompaniments 
of association fibers. Connections of the putamen and cortex 
have been described by Economo ('10) and Kodama ( '29). 
illinkowski ( '24), Riese ( '27), and others have described fibers 
to the globus pallidus. 

In  the rabbit material studied, just rostra1 to the plane of 
the accumbens nucleus (fig. 20) fibers were seen coursing from 
the medial part of the head of the caudate nucleus medially 
and dorsally around the ventral aspect of the lateral ventricle 
to enter the deep fiber layer of the general cortex, beyond 
which they could not be traced. These fibers, which are very 
few in number in the rabbit material, resemble in general 
relations certain fibers described by Loo ('31) in the opossum. 
In this latter animal they were carried to the septum and 
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the hippocampus. These medial fibers have been termed the 
tractus cortico-caudatus medialis, and the lateral connec- 
tions between the cortex and caudate have been called the 
tractus cortico-caudatus lateralis. This latter tract (figs. 21 
and 22)' which is presumably the same as the fasciculus de- 
scribed by Loo ('31) under that name, consists of delicate 
fibers which enter the dorsolateral angle of the anterior third 
of the caudate nucleus and course along its dorsolateral 
aspect (in a somewhat medial direction) for a short distance 
before entering the gray of this nucleus. These fibers arise 
from the temporal and lateral cortex and cut through the con- 
verging fibers of the internal capsule system at the lateral 
aspect of the corpus callosnm to reach the caudate nucleus. 
They correspond to the cortico-caudate connections described 
by Minkowski ('24) and Coenen ('27) for rabbits. Accom- 
panying the fibers of the internal capsule along the ventro- 
lateral border of the same are fine fibers which swing into 
the dorsal tip and the medial side of the putamen. They are 
relatively few in number (figs. 21  and 22)' but appear to con- 
stitute a cortico-putamal path, although they require further 
experimental verification to prove that they terminate in this 
nucleus and are not merely aberrant fascicles of the internal 
capsule which rejoin this system farther caudally. Such a 
connection has not been recognized in the rabbit by Coenen 
( '27). As the internal capsule passes between the caudate and 
lentiform nuclei, small, dark staining, unmyelinated fibers can 
be seen to leave the capsule and enter the gray of the globus 
pallidus (figs. 22 and 23). In  part these may be collaterals of 
internal capsule fibers such as have been described by Ram6n 
y Cajal ('11) and in part they may represent direct cortico- 
pallial connections such as were described by Coenen ('27) 
through the internal capsule. 

Intern-uclear cownectiom. There are numerous connections 
between the caudate nucleus and the putamen by means of 
cellular and fibrous bridges passing through the interstices 
of the internal capsule which forms the imperfect boundary 
between these two structures. These connections are more 
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evident and more numerous in the rostra1 part of the putamen 
where the boundary is less complete than it is farther caudally. 
Fibers arise in the lateral part of the putamen and course 
medially into the globus pallidus. I n  some of the cross section 
planes, particularly near the caudal extreme of the nucleus, 
these fibers give to the putamen a striated appearance as they 
stream medially through it (figs. 11, 12, 23 to 25). Whether 
these fibers terminate in the globus pallidus or continue 
through it into the ansa lenticularis cannot be stated definitely. 
Wilson ( '14) favored the former point of view. These fibers 
do not form a well-defined lamina separating the putamen 
from the globus pallidus (lateral medullary lamina of general 
description), but the two areas blend without sharp line of 
demarcation. Likewise there is no medial medullary lamina 
dividing the globus pallidus, and the latter is represented by 
a single segment triangular in outline, with its base directed 
laterally and apposed to the medial surface of the putamen and 
its apex direoted medially toward the internal capsule. As 
the fibers of the external capsule course medially to enter 
the anterior commissure they separate the most ventral part 
of the putamen from the main mass of the same (this small 
ventral segment has been designated the nucleus intermedius 
striati by Loo, '31). However, these two parts of the putamen 
are intimately associated with each other by numerous fine, 
short internuclear fibers (fig. 22). A study of the present 
material leaves some doubt concerning possible connections 
between the claustrum and the putamen, although certain of 
the chrome-pyridine-silver sections show fibers that are sug- 
gestive of such a connection. 

Intercomectiows between. the striatum (ezclusive of the 
amygdaloid complex;) aNd lower centers 

Iwtercomections between. the dorsal thalamus amd striatum. 
I n  normal material it is exceedingly difficult to distinguish 
between striatal and cortical connections of the thalamic nuclei. 
There is rather general agreement that such connections are 
present for the medial nucleus of rodents, where they have 
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been studied experimentally in the rat (Clark and Boggon, 
'33). For the anterior nucleus of rodents there is more doubt 
with regard to connections with the striatum. Clark and 
Boggon ('33) have been unable to obtain evidence for  such 
connections in their experimental work on the rat, although 
von Monakow (1895) described a connection between the 
striatum and the nucleus anteroventralis by way of the in- 
ferior thalamic peduncle. Olive Smith ( '30) believed that she 
could trace fibers in Tamandua from the lenticular nucleus 
through the internal capsule and suggested a possible con- 
nection with the anterior nucleus. I n  the guinea pig material 
available for study, fibers of the inferior thalamic peduncle cut 
through the internal capsule fibers and swing dorsalward 
fairly near the midline. Certain of such fibers reach the 
nucleus antemventralis. Presumably such fibers correspond 
to those described by von Monakow and Smith, but their 
striatal origin has not been established in the material studied 
for this report. 

Amsa lenticulmis (figs. 13,25,26). The chief afferent path- 
way of the striatum is the ansa lenticularis, and this system 
has been the object of a considerable amount of work, particu- 
larly in experimental and clinical fields. The major interest 
has centered to a considerable extent around the location of 
the cells of origin of the ansa fibers as well as their exact 
distribution. Thus Wilson ('14)' in his study of the ansa 
lenticularis, reached the conclusion that this fiber bundle took 
origin only from the globus pallidus. Spatz ( '21, '22) empha- 
sized that the globus pallidus was the portion of the striatal 
complex most closely related to the red nucleus, the substantia 
nigra, and the nucleus subthalamicus, thus apparently sub- 
stantiating Wilson's point of view. Riese ( '24, '24 a) empha- 
sized particularly fibers from the globus pallidus by way of 
the lenticular fasciculus of Fore1 to the medial longitudinal 
fasciculus, although he obtained connections also between the 
head of the caudate and the substantia nigra. Muskens ( '22) 
stressed the connection of the globus pallidus with the gray 
associated with the medial longitudinal fasciculus. Morgan 
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('27), by injuries to the lenticular nucleus in the cat, obtained 
degenerated strio-fugal fibers to various subthalamic nuclei 
and certain hypothalamic nuclei, to the interstitial nucleus of 
Ram6n y Cajal, and the nucleus of Darkschewitsch, to various 
motor nuclei of cranial nerves of the brain stem (nucleus 
ambiguus and nucleus hypoglossi), to reticular nuclei, and 
various other centers. Apparently, he also regarded them 
as arising only from the globus pallidus. The more ventral 
and medial portions of the globus pallidus, he considered, 
gave rise to subthalamic fibers, the more dorsal and lateral 
portions to fibers to the various efferent centers of the brain 
stem. Many years ago, von Monakow (1895) divided the ansa 
lenticularis into three divisions, depending upon the course 
of the fibers. Of these three divisions, which f o r  convenience 
may be designated as dorsal, middle, and ventral bundles, 
the first two reach the subthalamic region by cutting directly 
through the internal capsule, while the last named runs 
ventral to the lentiform nucleus and enters the diencephalon 
largely ventral to  the internal capsule system. Some of the 
differences of opinion with regard .to the components of the 
ansa may depend on whether o r  not this bundle is included 
in that fasciculus. It seems probable that Wilson ('14) did 
not so include it;  von Monakow (1895, '25, and elsewhere), 
Tilney and Riley ( '21), Foix and Nicolesco ( '25), Kodama 
( 'as), and others have regarded certain fascicles of the ansa 
lenticularis as arising from other parts of the striatum as 
well as from the globus pallidus. The ventral bundle of von 
Monakow (figs. 25 and 26) can be seen in the guinea pig as 
fascicles of fine fibers which swing along the ventral border 
of the globus pallidus. Some of the fascicles lie among the 
bundles of the globus pallidus; others swing along the under 
border to about the line between globus pallidus and putamen, 
where they turn into the gray. The material suggests that 
certain of these fibers may be in relation with the putamen, but 
the evidence for this is inconclusive. Some of them certainly 
appear to  arise from the globus pallidus. After leaving the 
putamen, these fibers swing under and to some extent through 
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the ventral edge of the internal capsule. Others of them turn 
directly ventralward over the optic chiasm toward the region 
of the dorsal supraoptic decussation of Meynert, where they 
appear to decussate (Probst, '05; Kodama, '29). Some of 
the fibers continue caudalward between the optic and supra- 
optic fibers and the peduncle (fig. 26), and turn dorsalward 
a t  its medial border to reach the nucleus subthalamicus, the 
substantia nigra, and possibly other neighboring groups. The 
dorsal and medial bundles of the ansa cut through the cerebral 
peduncles to  enter the subthalamic region (fig. 26) where 
they distribute to various subthalamic centers, including the 
red nucleus, the substantia nigra, the nucleus subthalamicus, 
the field of Forel, and the zona incerta. The details of this 
distribution must be left for a later report. 

Iwtermal capsule 
The intimate topographic relations of the internal capsule 

system (figs. 6 to 15,20 to 26) to the striatal areas of the fore- 
brain necessitate some account of its course in relation to 
these areas, even though the details of its cortical and thalamic 
connections are outside of the scope of the present account. 
In the frontal part of the cerebral hemisphere, fibers form a 
core of white matter, in the center of the gray, which is easily 
distinguished in cross sections (fig. 19). I n  this white core 
are represented all three types of cortical fibers; that is, as- 
sociation, commissural, and projection fibers. In the plane in 
which the olfactory and lateral ventricles join, the projection 
fibers have accumulated at the lateral aspect of the lateral 
ventricle as a vertical column of cross cut fibers, intermingled 
with the fibers of the external capsule and lying dorsal to the 
anterior limb of the anterior commissure (fig. 20). The 
further addition of fibers to the internal capsule is from the 
cells of the dorsal and dorsolateral areas of the neopallium 
by way of the corona radiata. These additional fibers are 
applied to the dorsal aspect of the accumulated group of in- 
ternal capsule fibers lying at  the lateral aspect of the lateral 
ventricle. Hence it is evident that the more ventrally placed 
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fibers of the internal capsule arise farther rostrally than the 
more dorsally placed fibers. The combined internal and ex- 
ternal capsules form the lateral boundary of the rostral ex- 
treme of the caudate nucleus. The fibers of the internal capsule 
are cross cut in the transverse series and can be distinguished 
from those of the external capsule which are cut more ob- 
liquely in this series. In the plane of the rostral extreme of 
the accumbens nucleus it will be noted that the scattered 
fascicles of the internal capsule have become separated from 
those of the external capsule and have assumed a more medial 
position; the gray lying between these two fiber systems repre- 
sents the rostral extreme of the putamen (fig. 7) .  The internal 
capsule fibers assume a more medial position and form larger 
fascicles as the tract is followed caudally, while the external 
capsule retains its lateral position and forms the lateral border 
of the putamen throughout (figs. 8, 22). Fibers are continu- 
ally being added to the dorsal aspect of the internal capsule 
from the corona radiata, and its fascicles become aggregated 
into fewer but larger bundles which serve as an incomplete 
boundary between the caudate and the putamen (fig. 9). As 
the external capsule fibers swing medially to  cross in the 
anterior commissure, they pass directly through the ventral 
part of the internal capsule and separate the ventral fibers of 
the same from the main part of the bundle (figs. 9 and 22). In  
the plane of the anterior commissure the intercalated nucleus 
of the internal capsule is evident among the ventromedial 
fibers of this bundle, and its fascicles thus become spread over 
a larger total area (figs. 9 and 10). Caudal to this plane, the 
internal capsule appears as a single, compact fiber mass 
forming practically a complete boundary between the putamen 
and the caudate. This fiber complex now occupies an obliquely 
transverse position in the cross sections in contrast to its 
almost vertical position farther rostrally. Ram6n y Cajal 
( '11) has described collaterals from the fibers of the lateral 
forebrain bundle into the globus pallidus, and such were recog- 
nized in the material here studied, and in addition certain 
stem fibers appear to enter the lenticular nucleus from this 
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fiber system (p. 365). hlinkowski ( ’24) and others have also 
described such connections. Many fibers from the cortex 
course in the internal capsule and turn medially and dorsally 
to enter the dorsal part of the diencephalon. These fibers form 
the thalamic radiations and probably conduct in both direc- 
tions. The ventrolateral fibers of the internal capsule course 
among the cells of the globus pallidus and give to this region 
its ‘pallid’ appearance. In  the plane of the caudal third of 
the anterior commissure the internal capsule assumes a more 
medial position and approaches the medial forebrain bundle, 
and the two systems appear to be continuous. However, the 
fibers are larger and more heavily myelinated in the former 
than in the latter. The additional fibers from the corona 
radiata are now applied to the dorsolateral aspect of the in- 
ternal capsule, since the latter occupies an almost horizontal 
position in the series. It passes immediately dorsal to the 
ascending optic tract and as the latter turns dorsally to enter 
the lateral geniculate nucleus it also forms the lateral bound- 
ary of the internal capsule (figs. 15 and 26). In the same 
plane in which this occurs the stria terminalis dips ventrally 
over the caudal aspect of those internal capsule fibers coursing 
from the cortex into the main bundle, and no further additions 
are received by the internal capsule caudal to this plane. It 
now becomes the cerebral peduncle. Some cortical fibers aris- 
ing caudal to this plane course forward in the cortex to enter 
the internal capsule just rostra1 to the descending stria 
terminalis, but none are added caudal to the latter. The in- 
ternal capsule contributes stem fibers and collaterals to the 
various subthalamic nuclei, but the material at hand is not 
favorable for an analysis of these fibers. The relation of the 
peduncle fibers to the entopeduncular nuclear group has al- 
ready been discussed earlier in the present account (p. 323). 

A hypothalamo-hypophyseal tract 
Although the hypothalamo-hypophyseal tract has no con- 

nection with the telencephalon, attention is called here to this 
diencephalic tract, particularly well stained in the silver prepa- 
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rations of the rabbit (fig. 27). This tract arises a short dis- 
tance caudal to the optic chiasm from a distinct nucleus 
lying in the midline ventral to the third ventricle near the pial 
surface of the brain. This cell group has been designated as 
nucleus hypothalamicus ventralis pars centralis. From this 
group of cells fibers arise which course caudalward along the 
midplane of the floor of the hypothalamus, just within the pial 
surface and sometimes projecting dorsalward as a ridge in the 
floor of the third ventricle. These fibers are evident even 
in cell preparations, but are best seen in the sagittal silver 
series. They course caudally over the dorsal aspect of pars 
oralis of the hypophysis and into the infundibular stalk, and 
thus enter pars neuralis of the hypophysis, where the fibers 
disperse among the cells and on the blood vessels of this 
region. The tract as given here differs in certain particulars 
from various connections of the hypophysis described in the 
literature. Thus Krieg ( '32) described a somewhat similar 
tract, which he said beyond doubt runs from the optic chiasm 
to the hypophysis, while the tract here described is believed 
to take origin from the hypothalamic gray, distinctly caudal 
to  the chiasm. Greving ('28) and Loo ('31) described con- 
nections from the supraoptic nucleus to the hypophysis-the 
tractus supraoptico-hypophyseos-but this tract is somewhat 
lateral to the midline in contrast to the one herein described. 
In  the fasciculus supraopticus of the opossum (Loo, '31, fig. 
93), fibers are shown that resemble in some respect the tract 
now being considered in rabbit. In  the opossum these fibers 
appear to arise from a differentiation of the midline gray, 
which Loo has termed the nucleus epichiasmaticus. I n  the 
rabbit also these fibers arise from a midline group, distinctly 
caudal to the chiasm. Because of uncertainty with regard 
to its homologies the tract is labeled here as tractus hypo- 
thalamo-hypophyseosus. 

GENERAL SUMMARY 

The olfactory sense is highly developed in the rabbit and this 
specialization is reflected centrally in the high degree of dif- 
ferentiation of the primary, secondary, and tertiary olfactory 
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centers of the telencephalon. This specialization is indicated 
in the first place by the presence of a highly developed ol- 
factory bulb and an accessory olfactory bulb, with the ar- 
rangement of its layers and the morphological characteristics 
of the neurons indicating a high degree of differentiation, and 
by the appearance of a greatly specialized nucleus olfactorius 
anterior, showing all the differentiated portions which up to 
the present time have been described in detail only for mar- 
supials (Herrick, '24 ; Obenchain, '25). The nucleus in rodents 
differs from that in marsupials in having a more specialized 
rostra1 extent. The tuberculum olfactorium is also well de- 
veloped, with typical islands of Calleja, although it is not 
quite so highly differentiated as in certain mammalian forms. 
The septa1 areas show a differentiation comparable to that 
described for lower mammals in general. Emphasis has been 
laid on the particularly clearly developed nucleus of the 
diagonal band and certain of its secondary relations and on 
the nucleus septo-hippocampalis. F o r  this latter nuclear 
group certain interesting relations have been established. It 
has been seen to be directly continuous in front with the 
anterior extension of the hippocampus, to extend caudally 
beneath the corpus callosum in company with fornix fibers 
to the region of the dorsal hippocampal commissure, where, 
through its bed nucleus, it becomes continuous with the hippo- 
campus. Just  as the induseum griseum is a band of gray 
connecting the anterior extension of the hippocampus with 
the hippocampus proper by passing dorsal to the corpus cal- 
losum, so the nucleus septo-hippocampalis in the rabbit estab- 
lishes a similar relation ventral to the corpus callosum. I n  
this sense, then, this part of the area merits the name of the 
primordium hippocampi, a term applied to it and the adjoin- 
ing gray by Johnston ( '13). The amygdaloid complex has 
been resolved into the various nuclei described for it in the 
rabbit by Johnston, and further division of the lateral amygda- 
loid nucleus into an anterior and a posterior portion has 
been made on the basis of the cytoarchitectonic structure. 
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Correlated with the development of clearly demarlwd 
primary, secondary, and tertiary olfactory telencephalic 
centers is the appearance in these forms of a wealth of as- 
sociated fiber tracts. The entering olfactory fila, the nervus 
terminalis, and the vomeronasal nerves have been identified. 
The olfactory tracts have been described in considerable detail, 
and their specialization related to the nuclear masses. The 
relations of the ventromedial portions of the hemisphere with 
the overlying hippocampal areas have been established through 
the identification of cortico-septa1 and septo-cortical connec- 
tions and tuberculo-cortical and cortico-tubercular tracts. 
These centers of the ventromedial wall have been related with 
amygdaloid and pyriform lobe areas through the diagonal 
band of Broca, and with lower centers through the medial 
forebrain bundle. The connections of the amygdaloid com- 
plex have been described in detail, for the various components 
have been traced from specific amygdaloid nuclei via the stria 
terminalis to various preoptic and hypothalamic areas, or as 
commissural fibers to the amygdaloid region of the other side. 
The various components of the stria medullaris, providing 
connections of basal and cortical olfactory centers of the hemi- 
sphere with the habenular regions, have been identified and 
described. The commissural connections of the hemisphere, 
dorsal and ventral hippocampal commksures, and the anterior 
commissure have received due attention. For  convenience of 
description the fornix bundle has been separated into pre- 
commissural and postcommissural portions as Elliot Smith 
(1897), Edinger ( 'll), and others have done. Each portion 
was found to  consist only in part of fibers directly from the 
hippocampus, although the latter predominate in the post- 
commissural fornix. 

The non-olfactory centers here considered include the 
caudate and lentiform nuclei and the claustrum. The caudate 
and putamen were found to be interconnected by broad bands 
of gray which extend between the fascicles of the internal 
capsule, especially at more rostra1 levels. Fiber connections 
were also established between these two cell groups. Ap- 
parently there is a wider separation between the two nuclei 
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caudally than was described by Gurdjian ('28) for the rat, 
but as in other mammals, their continuity a t  more frontal 
levels and their common cytologic character suggest their close 
relationship. The claustrum probably is cortical rather than 
basal, although morphologically it occupies an intermediate 
position in the adult mammal. The connections demonstrated 
for these non-olfactory centers consist of thalamo-striatal, 
interstriatal, and cortico-striatal fascicles, and efferent bundles 
by way of the ansa lenticularis. The three divisions of the 
ansa lenticularis (as used in the broader sense) were demon- 
strated. The normal preparations indicated that this bundle 
has origin to  some extent from the putamen, although largely 
from the globus pallidus. I n  the material available it was 
not possible to demonstrate fascicles from the caudate into 
the ansa lenticularis. I n  addition to certain generally accepted 
connections, fibers of the most ventral division were carried 
through Meynert 's commissure, a connection denied by Wilson 
('14) and accepted by Kodama ('29). It is believed that the 
discrepancies here are due to differences of delimitation of 
the ansa lenticularis, the term as used by Wilson ('14) not 
including certain of the more ventral fibers. The commis- 
sural connections for the non-olfactory cortical areas are 
provided for by two commissural systems in the rabbit and 
the guinea pig; a dorsal corpus callosum which serves to 
interconnect the more dorsal portions of the hemisphere, and 
a large neopallial component by way of the external capsule 
and the anterior commissure. Thus in this, as in certain other 
respects, the rabbit's telencephalon is intermediate between 
that of mammals such as the opossum, where the major 
neopallial commissure system is through the anterior com- 
missure, and the corresponding regions of higher mammals, 
where this component is reduced to a minimum (or entirely 
absent) and the corpus callosum serves to interconnect all 
neopallial areas of the two hemispheres. 
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z 
Fig.1 

Fig, 2 

Transverse section through the rostra1 extreme of the olfactory bulb 

Transverse section of the olfactory bulb of the rabbit at a plane cutting 
of the rabbit, showing the laminae. Toluidin blue preparation. X 10. 

the anterior end of the olfactory ventricle. Toluidin blue preparation. X 10. 
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3 

4 
Fig. 3 Transverse section through the accessory olfactory bulb and the rostra1 

extreme of the nucleus olfactorius anterior of the rabbit. Toluidin blue preparation. 
x 10. 

Transverse section through the caudal third of the accessory olfactory 
bulb and the pars externa of the anterior olfactory nucleus. Toluidin blue 
preparation. X 10. 

Fig.4 

TEE JOURNAL Or OOXPARATNE NBUROLOQY, VOL, 65 
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I 
Transverse section through the olfactory peduncle of the rabbit just 

caudaI to the accessory olfactory bulb and showing particularly the dorsal and 
ventral tailpieces of pars externa of the anterior olfactory nucleus. Toluidin 
blue preparation. X 10. 

Transverse section through the rostra1 extreme of the nucleus caudatns 
and tuberculum olfactorium of the rabbit. Toluidin blue preparation. 

Fig.5 

Fig. 6 
x 5. 



THE TELENCEPHALON OF THE RABBIT 387 



388 M. WHARTON YOUNO 

Fig. 7 Transverse section thrbugh the genu of the corpus callosum of the rabbit 
showing particularly the differentiation of the septa1 area at this level. Toluidin 
blue. X 5. 

Fig.8 Transverse section slightly rostra1 to the crossing of the anterior com- 
missure, showing the relations of the nucleus of the diagonal band and the 
striatum. Toluidin blue preparation. X 5. 

Transverse section through the anterior commissure of the rabbit showing 
the positions of the various nuclei a t  this level and particularly the relations of the 
external capsule t o  the anterior commissure. Toluidin blue. x 5. 

Fig. 9 
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Fig. 10 Transverse section through the caudal third of the anterior commissure 
of the rabbit showing particularly the interstitial nucleus of the stria terminalis 
and the intercalated nucleus of the lateral forebrain bundle. Toluidin blue 
preparation. x 5. 
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11 
Fig. 11 Transverse section through the hemispheres and rostra1 end of the diencephalon 

of the rabbit showing particularly the relations of the striataI areas at this level. Toluidin 
blue preparation. X 5. 
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Figs. 12 to 15 These have been chosen to illustrate the various nuclear groups 
of the amygdaloid complex in the rabbit. 

Fig. 12 Transverse section through the nucleus of the lateral olfactory tract. 

Fig. 13 Transverse section through the cortical amygdaloid nucleus. Toluidin 
Toluidin blue. X 5. 

blue preparation. X 5. 
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I4 

15 
Fig. 14 Transverse section through the central, lateral, medial, and basal 

amygdaloid nuclei and the iiitercalated mass. X 5. 
Fig.15 Transverse section caudal to the plane of figure 14 showing the close 

interrelation of the amygdaloid complex to the putamen and tail of the caudate 
nucleus. Toluidin blue preparation. X 5. 

Toluidin blue preparation. 
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16 
Fig. 16 Transverse section through the preoptic region of the rabbit. Toluidin 

blue preparation. X 5. 
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u 
Fig. 18 Transverse section through the olfactory formation and accessory 

olfactory bulb of the guinea pig showing particularly the relations of the lateral 
olfactory tract (tub.olf.lat, on left. Pal-Weigert preparation. X 10. 

Fig.19 Transverse section through the olfactory crus of the guinea pig 
showing the relations of the three major olfactory tracts and the secondary 
subdivision of the lateral olfactory tract. Pal-Weigert preparation. X 10. 
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2J 

Tr. ad 

n 
F’ig. 20 Transverse section through the rostra1 region of the hemisphere of the 

rabbit showing on the left side the beginning of separation of the external and 
internal capsule systems. Chrome silver preparation. X 10. 

Transverse section through the genu of the corpus callosum dorsally 
and the tuberculum olfactorium ventrally, showing particularly the relation 
of the external capsule to the forming anterior commissure. Chrome 
silver preparation. X 10. 

Fig.21 

Rabbit. 
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24 
Rg.22 Transverse section rostra1 t o  the anterior commissure of the rabbit 

showing the decussation of the precommissural fornix system. The relation of 
the external capsule system to the anterior commissure is also very evident at 
this level. Chrome silver preparation. X 10. 

Fig. 23 Transverse section through the ventral hippocampal and anterior 
commissures of the rabbit, illustrating particularly the three major subdivisions of 
the stria terminalis. Chrome silver preparation. X 10. 

Transverse section through the anterior commissure of the guinea pig 
illustrating in this rodent the subdivisions of the stria terminalis and the relations 
of the striatal areas and the internal and external capsules. Pal-Weigert prepa- 
ration. x 5. 

Fig. 24 



THE TELENCEPHALON OF THE RABBIT 399 

95 
Transverse section through the forebrain of the guinea pig in a plane 

cutting the ventral hippocampal commissure dorsally and the optic chiasm 
ventrally and showing certain components of the stria medullaris. Pal-Weigert 
preparation. x 5. 

Fig. 25 
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Fig. 27 

Fig.28 

Sagittal section showing particularly the relations of the commissural 
systems of the rabbit telencephalon. Chrome silver preparation. x 5. 

Sagittal section lateral to the plane of figure 27, showing especially 
the relations of the lateral and intermediate olfactory tracts and certain corn- 
ponents of the stria medullaris. Rabbit. Chrome silver preparation. )( 6. 
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