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[. INTRODUCTION

The information here added to that heretofore existing in the
literature is derived largely from a study of the olfactory apparatus
in the carp, Cyprinus carpio (L). The olfactory apparatus is
highly developed in the eyprinoids which, therefore, lend them-
selves readily to its study. For the elucidation of diffieult points,
however, comparison has been made with Weigert and Golgi
sections of the brains of the pike, Luecius lucius (L), the gold-
fish, Carassius auratus (L) and the catfish, Ameiurus nebulosus
(Le Sueur). :

I am indebted to Prof. C. Judson Herrick for helpful sugges-
tions and eriticism in every phase of the work, together with the
opportunity to use his unexcelled neurological library and his
personal material. Prof. R. R. Bensley likewise placed at my
disposal all the facilities of the department,including the services
of the artist, Miss Katharine Hill, who has drawn, with the most
painstaking eare, the larger portion of the figures. Through the
kindness of Prof. Charles Brookover, of Buchtel College I have
been able to examine preparations of the brain of Amia ealva and
to secure well preserved material for most of the Ramén y Cajal
impregnations. Acknowledgments should also be made to Prof.
B. G. Wilder of Cornell University, at whose suggestion this re-
search was undertaken, and to Prof. S. H. Gage of Cornell Uni-
versity and Prof. E. L. Mark of Harvard University, in- whose
laboratories important parts of this investigation were conducted.
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MATERIAL AND METHODS

The material used consists of the following eighty-three series
of sections of the carp brain.

1. Weigert method

Inasmuch as the method used varies somewhat from that usu-
ally followed, and sinece it is very suceessful, it will be briefly out-
lined here. The fish are killed in a mixture of ether and water, the
brain removed immediately and placed in 4 per cent formalde-
‘hyde for at least forty-eight hours. It is then washed in running
water for a few hours and placed in Miiller's fluid at a tempera-
_ture of 40° C. for from eight to fourteen days. The fluid is
changed every second day during this period. The brain is next
- washed, dehydrated, cleared in earbol-xylene and embedded in
paraffine. After the removal of the paraffine from the mounted
- sections the slides are placed for twelve hours in a half-saturated
solution of copper acetate, stained three to four hours in Wei-
gert’s hematoxylin, and differentiated in 2% per cent potassium
ferricyanide with the addition of 2 per cent borax. Pal’s
modification was tried but rejected, as it was found that sections
on the slide could not be evenly differentiated; moreover, the
method outlined gives rather better results for the work in ques-
tion, as it brings out the unmedullated tracts and the cell groups,
which the Pal modification does not. There were stained accord-
ing to this method:

Two series transverse sections of the entire brain.
Twao series sagittal sections.

Two series frontal sections.

Six zeries through the olfactory bulbs and erura.

All of these were from carp 35 to 60 em. in length and were cut
at 15 micra. In addition there were prepared one transverse
and one frontal series through the entire head of carp of 3 em.
in length. The method followed in this case is as follows; the
fish are placed in Miiller's fluid, changed every second day, for a
month, and then decaleified for another month in Flemming’s
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stronger fluid, changed each week. From this point on the
method is similar to the one first outlined; viz., dehydration, clear-
ing, embedding in paraffine, ete. Medullated fibers and nerves
stand out very distinctly after the use of this method. Other
methods of deecaleification were tried but, as Herrick ('97) points
out, the Weigert method will not ‘take’ after any of the ordinary
processes of decalcification. Professor Herrick was kind enough
to loan me, in addition, a series of transverse sections through the
adult carp brain, stained by the Weigert-Pal method.

II. Chloral hematoxylin and cosin method

Entire ecarp, 1 em. in length, decaleified.
Two series transverse sections.
Three series sagittal seetions.
Two series frontal sections.

III. Toluidin blue method

The only fixing agent which gave uniformly good results with
this stain was Graf’s chrom-oxalic for twelve hours. This method
was used for the differentiation of areas and the eytological strue-
ture of the nerve cells.

One series transverse sections.
One series sagittal sections.
One series frontal sections.

IV. vom Rath method

This was used for the unmedullated traects, particularly in the
olfactory bulbs, where two series of transverse sections were made.
The method followed is that given by vom Rath (’95). This
congists of fixation in the following solution for three days; satu-
rated aqueous solution of pierie aeid, 200 ce., 10 per cent platinie
chloride, 10 ce.; 2 per cent osmic acid, 25 ce.; glacial acetic acid,
2 ce. Next the specimens are placed in methyl aleohol for 15
minutes, 0.5 per eent aqueous solution of pyrogallic acid for two
days, dehydrated for two weeks in the dark, eleared in earbol-
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xylene, embedded in paraffine and sectioned at 5 miera. This
method is of particular value in tracing the course of the nervus
terminalis.

V. Gold chloride method

This was used to bring out the unmedullated fibers, particu-
larly in the olfactory bulbs; it is not of great value, however, owing
to its low penetrating power. The method of fixation in formalin
-as given in Hardesty’s ‘ Neurological technique,” was followed with
the best results. Two series of sections of the bulbs were pre-
pared by this method.

VI. Golgi method ;

Individuals two to five centimeters in length.
Five series transverse sections.
One series frontal seetions.
Individuals twenty-five to forty centimeters in length.
Six series transverse sections.
One series sagittal sections.
Nine segles cut in various oblique planes.
Fourteen series of the olfactory bulbs eut in various
planes.

Two different methods were followed, both of which gave good
results. With most of the Golgi material the fish were killed, the
brains removed and placed for three to five days in a mixture of
two parts of 3 per cent aqueous solution of potassium dichromate
and one part of 1 per cent aqueous solution of osmie acid. Next
they were rinsed in a § per cent solution of silver nitrate in which
they may remain indefinitely but are ready for dehydration and
embedding in celloidin after two to four days. The second method
was used for brains fixed in 4 per cent formaldehyde.

Atter fixation for forty-eight hours the brains were washed in
running water for twenty-four hours and then placed in a 3 per
cent aqueous solution of potassium dichromate at a temperature
of 40° C. for six to ten days. They were next placed in the
osmium-dichromate mixture and treated as outlined for the first
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method. Tn addition to the series noted above, Professor Herrick
very kindly loaned me ten seriez of the brains of young earp cut
in various oblique planes. The Golgi method was used chiefly
for the study of the different neurones and the course, with par-
ticular reference to the direction, of the fiber tracts.

VII. Ramdn y Cajal method

Two series transverse sections.

Three series frontal seetions.

Five series sagittal sections, two of these partly
oblique.

Some difficulty was experienced in getting good preparations,
the following method giving the best results. Whaole brains are
fixed in 95 per cent ethyl aleohol, washed for two hours in running
water, placed in a 1 per eent aqueous solution of silver nitrate
at a temperature of 35° C. for three to five days, washed in dis-
tilled water, transferred to a 1 per cent agqueous solution of hydro-
quinonefor twenty-four hours, washed inrunning water for twenty-
four hours, dehydrated, cleared in cedar oil, mounted in paraffine
and cut at ten to fifteen miera. Fixation in neutral or acid for-
malin gave poor results.

IT. ANATOMY

The names applied to the different fiber traets and cell areas
have, so far as is consistent with their morphology, been taken
from the literature. In a few cases such terms have been used
in a sense slightly different from that assigned them by the orig-
inal authors; whenever such is the ease the fact has been noted.
In several cases inappropriate terms of long use have been
retained owing to their famihiarity and common use. Where,
however, a term is lacking in the literature, or where a previ-.
ously used term is greatly at variance with the morphology, a
new name has been selected. In this case the endeavor has been,
as far as possible, to make such new name desecriptive of the rela-
tionships involved, or else suggestive of a homologous strueture
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in the nervous anatomy of higher forms. In the case of fiber
tracts the customary methods of neurological nomenelature have
been followed, viz., the application of a term which will inelude in
itself full information as to the origin and termination of the
fibers as well as their direction; as for example, the tractus inter-
medio-habenularis, originating in the nucleus intermedius and
terminating in the habenula.

l. PERIPHERAL OLFACTORY APPARATUS

a. The olfactory capsules

The olfactory apparatus in the carp consists of the olfactory
capsules with their lamellae, open to the exterior through two
apertures; the olfactory nerves, bulbs, crura, centers in the cere-
bral hemispheres, epithalamus, medithalamus and hypothalamus,
to which may be added the motor eonnections common to the
olfactory and gustatory senses, ete. These latter will not be
considered in this article.

(Grross morphology. The two external apertures of the capsules
are in close proximity, one rostro-medial of the other. They are
separated by a grooved flap of skin so shaped that in forward
movement water will be driven into the more rostral aperture.
The lateral aperture opens caudally for the exit of water from the
cup. Inside the capsule, and running caudo-laterally from the
rostro-medial aperture, is a median ridge from which the lamellae
radiate on either side and at its eaudo-lateral end.

Microscopic anatomy. The lamellae are covered by the epi-
thelium of the olfactory mueous membrane, eonsisting of .the
typical nervous olfactory cells, and the supporting cells. Goblet
eells are particularly numerous in the epithelium of the central
ridge, which is also slightly thicker than that of the lamellae
(fig. 5). It resembles closely the respiratory epithelium of the
Schneiderian membrane of mammals, as distinguished from the
olfactory portion. It is probable, therefore, that there are found
here two varieties of epithelium, similar to the eondition in higher
forms; an olfactory, concerned with smell and a respiratory,
concerned, in this case, with the water current.
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Innervation. TFrom the olfactory cells arises the unmedullated
fibers whieh, passing through the lamellae, form the olfactory
nerve. Medullated fibers penetrate the central ridge, ending
immediately underneath the epithelium (fig. 5). Such an inner-
vation has been deseribed in no other anamniote (Sheldon,
'08 b), although it has long been known that in mammals, partie-
wularly in man, such fibers take part in the innervation of the
nasal mucous membrane.

In 1903 Rubaschkin® demonstrated their presence in birds.
Practically all Amphibia and many fishes have been studied with
reference to this point, but in no case have medullated fibers been
demonstrated beyond doubt, although Aichel in 1895 believed that
he found something of the kind in embryo teleosts. In six Wei-
gert series through the olfactory capsules, bulbs and crura of the
adult carp it has been possible to demonstrate the presence of
medullated fibers in the tunica propria of the Schneiderian mem-
brane, part of which evidently distribute to the epithelium, as
they can be traced to the membrana propria itself. These latter
probably end in free nerve terminations, as there are no speeial
organs developed. Part of the fibers entering the tunica pro-
pria join the bundles of unmedullated fibers and apparently run
to the mucous membrane of the lamellae with them. The re-
mainder of the medullated fibers innervate the skin about the
nasal capsule.

All of these medullated fibers are derived from the supra-
orbital trunk, which is made up of general cutaneous fibers from
the Gasserian ganglion (nervus ophthalmicus superficialis tri-
gemini) and sensory fibers from the facial (nervus ophthalmicus
superficialis facialis). This latter nerve is composed partly of
fibers from the dorsal lateralis ganglion, and partly of visceral
sensory fibers from the geniculate ganglion. The fibers entering
the tunica propria are certainly not acustico-lateral, since no canal
or pit organs are developed in connection with the epithelium;
the fibers are also smaller than are the lateralis fibers. They
may, therefore, be either general cutaneous or visceral sensory,
with the preponderance of evidence in favor of the former. This is
due, in part, to the fact that in birds and mammals such innerva-
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tion is trigeminal and partly because the weight of evidence in the
teleosts is against the supposition that visceral sensory fibers
are present in this region. Part of the branch entering the tunica
propria goes to the skin, as already noted; the number of general
cutaneous fibers in the supra-orbital trunk is much greater than
the number of visceral sensory. If there are visceral sensory
fibers going to the mucous membrane, they must be unspecialized,
as there are no taste buds present; there is not the slightest ewvi-
dence, however, that such fibers are here present. In their course
from the supra-orbital trunk to the tunica propria the medullated
fibers pass partly between the two bundles of the olfactory nerve
and partly directly laterad into the median ridge.

Young gold fish and cod were studied with reference to the
presence of medullated fibers in the mucous membrane, but none
could be demonstrated. This may have been due, particularly, in
the case of the gold fish, to the fact that the individuals were
immature, as such fibers could not be found in young carp.

As the main current of water would be forced along the ridge
thus innervated by general cutaneous fibers, it is probable that
their function is that of taetile response for solid substances in the
water or else with respect to the strength of the water eurrent
or both (see also Kappers, with respect to the ‘Oralsinn,’ and
Sheldon, '09 b, on ‘Chemical Sense’).

b. The olfactory nerve

The olfactory fibers gather from the different lamellae in two
main bundles. In general, the medial bundle is derived from
the more rostral lamellae, while the lateral is derived from the
more caudal. The fibers of the two bundles distribute to all
parts of the rostral and lateral surfaces of each bulb, the lateral
bundle causing a protuberance on the dorso-lateral surface of each
bulb as shown in figs. 1, 6 (a). There is a quite general crossing
of the fibers of the two bundles before they reach the bulb so that
fibers from each reach all parts of the bulb (fig. 123). Apparently,
however, the lateral bundle is more especially associated with the
tractus olfactorius lateralis and to a somewhat less extent with the
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tractus olfactorius ascendens, while the medial bundle is most
closely associated with the tractus olfactorius medialis. The
olfactory bulb is closely applied to the caudo-mesal face of the cap-
sule so that the nerve itself is very short, although individual
fibers may be of some length.

e. Ganglion of the nervus terminalis

Lying between the two bundles of the olfactory nerve from the
lamellae to the bulb are a number of large scattered ganglion cells
forming the ganglion of the nervus terminalis. In the adult earp
these cells are most numerous near the bulb and are apparently
about a hundred in number. This is less than is the ease in Amia
as described by Brookover (08, '10). Neurites from these cells
run mesad to form a bundle of fibers on the mesal aspect of each
bulb (figs. 7, 123, 124).

2. THE TELENCEFHALON

a. Olfactory bulb and crus

The olfactory bulb is ellipsoid in shape, about 1.5 mm. long and
1 mm. thick, in a 40 em. carp. Rostrally and laterally it is cov-
ered by a mass of olfactory nerve fibers as noted above. At the
rostral end of the bulb a circular constriction appears externally,
separating the bulb proper from the olfactory nerve proper, which
rostro-lateral to the constriction spreads out over the olfactory
capsule. Caudally the bulb tapers down to the small, elongated
erus on which it is borne in the eyprinoids. This is from three to
four eentimeters long in a 40 em. carp, extending from the bulbs to
the cerebral hemisphere (fig.1). = In young fry the bulbs are closely
apposed to the hemispheres; but since the cranium grows faster
than the brain as a whole, the erura elongate. FEach ecrus is a
hollow tl]bE, the base of which is formed h]' the tracts cgnngcting
the bulb and hemisphere (figs. 2, 22, 23). Dorsally is an epithe-
lial roof, a rhinotela, which is simply a rostral prolongation of
the tela, or so-called pallium of the hemispheres, consisting ofa
layer of ependyma and one of pia. This covering arches over the
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=olid base of the erus at its caudal end as shawn in fig. 23, gradu-
ally decreasing in extent rostrad (fig. 22) until it forms only a
roof for the trough-like cavity below. This cavity is morpho-
logically a part of the ventricle of the hemispheres, extending, even
a short distance into each bulb, as is the case with most verte-
brates (Wiedersheim, '02).

Internal to the layer of olfactory nerve fibers oceurs the for-
matio bulbaris, formed chiefly by the glomeruli. The glomeruli
are of the usual type, consisting of the terminal end-brush of
olfactory nerve fibers, mingled with the dendrites of mitral cells,
chiefly. The central and mesal portion of the bulb is made up of
a mass of cells, the nucleus olfactorius anterior, the lobus olfac-
torius.anterior of Goldstein.

According to Golgi preparations, neurones of several differ-
ent types are found in the olfactory bulb. The most conspicu-
ous are the large cells with short, thick, many branched dendrites,
the mitral cells (figs. 8 to 12). These are irregular in form and
are situated largely in the peripheral portion of the bulb, with
their long axes approximately parallel with the surface as figured
by Johnston, Catois, ete. The mitral ecells are very irregular in
form; pyramidal, stellate and goblet shapes being the most nu-
merous. The dendrites of these cells, as already mentioned, break
up in the glomeruli and there come into relation with the terminals
of the olfactory nerve fibers. Their neurites form the majority
of the centripetal fibers of the tractus olfactorius lateralis and
tractus olfactorius medialis. A dendrite of a mitral cell will
often enter, also, into relation with one of the cells of the nucleus
olfactorius anterior, usually a fusiform or stellate cell. The
smaller cells of the bulb are more nearly central in position and
make up most of the nucleus olfactorius anterior. Fusiform and
stellate cells are the most numerous of these, with oceasionally a
pyramidal or goblet-shaped cell (figs. 13 to 20). The stellate
cells, particularly of the types shown in figs. 14 and 17, are the
most common, and are situated near the center of the bulb, with
their many processes extending fan shaped toward the periphery,
where many of them enter glomeruli (Johnston, '98, fig. 1).
Other processes of these cells enter into relation with other cells
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of the nucleus olfactorius anterior. It is certain that a few of the
stellate cells send their neurites into the hemispheres, but such
could not be demonstrated with certainty for all. Many fusi-
form cells of the type shown in fig. 13 lie near the center of the
bulb with two processes extending to either margin. These cells
likewise send their neurites to the hemispheres (fig. 21). Cells
of the types shown in figs. 15, 16, 18, 20 may be found in any part
of the nucleus olfactorius anterior, with their processes extending
nearly equally in all directions. Small granule cells, of the type
shown in fig. 19, are common in the center of the bulb, where they
apparently funetion as association cells, as no neurites entering
the erura could be demonstrated. The mitral cells undoubtedly
correspond with the mitral cells of all other vetebrates, so far
as studied ; there is some guestion, however, regarding the com-
parative morphology of the smaller cells throughout the verte-
brate series. Apparently, as is shown also by Johnston, the stel-
late cells in lower vertebrates are connected with the glomeruli
and hemisgpheres, much as are the mitral cells; as an ascent is made
in phylogeny, however, these cells may either disappear or may
metamorphose into mitral cells. The typical stellate cells of the
carp as shown'in figs. 14, 17, are undoubtedly similar to the stel-
late eells of the granular zone of Acipenser, as described by John-
ston; there is the same relation to the glomeruli, the position in
the bulb is the same, and the central processes take the same
course. Fusiform cells of the type shown in fig. 13 are probably
the homologues of Johnston's spindle cells of the granular zone,
although no neurites were traced from these cells into the crura.
The type found in figs. 15 and 20 probably corresponds to John-
ston'’s cells with short neurites, Golgi type II cells. Cells of Cajal
were not identified with certainty. The granule cells of the carp
are apparently simply intrinsic association nerve cells, differing,
therefore, from the granule cells of Acipenser.

The fiber tracts of the olfactory bulb will be taken up later, in
connection with the fiber systems of the cerebral hemispheres.
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b. The cerebral hemispheres

(1) Grross morphology. The cerebral hemispheres are of the typi-
eal teleostean type (figs. 1 to 4). They consist of paired solid basal
lobes which contain chiefly the secondary olfactory centers, con-
tinuing eaudo-ventrally over the optic chiasma as the pedunculi
thalami, or praethalamus of C. L. Herrick. Dorsally and later-
ally, these are covered by a membranous roof, the so-called pal-
lium, composed of adjacent layers of ependyma and pia. This
tela is continuous rostrally with the membranous roof of each
olfactory erus, the separation into two parts occurring just at
the rostral margin of the basal lobes. This tela is attached at the
ventro-lateral margin of each hemisphere, at which point its pia
becomes continuous with that of the base of the brain, while its
ependyma is reflected over the basal lobes (figs. 1, 2, 3, 4, 34).
Immediately mesal to the attachment of the tela occurs a fis-
sure, the fissura endorhinalis (figs. 4, 24, 25, ete.). This is the
sinus rhinalis of Kappers ('06), the fovea endorhinalis externa of
Kappers and Theunissen ('08), the fovea limbica of Goldstein
and Edinger, the fissura ectorhinalis of Owen ('68), the fissura
endorhinalis of many authors. This fissure holds a constant posi-
tion throughout the vertebrate series, separating in the higher
forms the basal olfactory centers from the pyriform lobe; it like-
wise bears a constant relation to the tractus olfactorius lateralis,
as will be noted later. :

The ventricle of the forebrain consists of the open space between
the tela and the basal lobes. This forms a large, but shallow
cavity, excepting between the two basal lobes where it is of some
depth (figs. 24, 34, 35, ete.). It extends caudally to the velum
transversum. Caudal to this velum, oceurs a much convoluted
epithelial sac extending rostrally over the tela proper; this is
the dorsal sae, and is an evagination of the membranous wall of
the diencephalon (fig. 68). Ventral to the velum transversum, the
forebrain ventricle passes over into the third ventricle or dien-
cephalie cavity.

Each basal lobe is separated by ependymal sulei on the dorsal,
lateral and mesal surfaces into regions with characteristic internal
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structure and fiber connections (figs. 2 and 3). The deepest of
these is the suleus ypsiliformis, which arises from the ventro-
lateral border about three-fourths of the distance back from
the rostral pole of the basal lobe, ascends to the dorsal surface and
here divides into an anterior and a posterior limb, which enclose
a central eminence. This eminence contains the palaeostriatum
and the primordium hippocampi, the latter covering the dorsal
surface of the palaecostriatum, especially on its mesal border.
The posterior limb separates the posterior pole from the rest of the
hemisphere; the anterior limb separates the eentral eminence from
the tuberculum anterius and the tuberculum laterale, these com-
prising a part of the nucleus olfactorius lateralis. The remainder
of the lateral olfactory nucleus is the nucleus pyriformis of the
posterior pole.

The anterior imb of the suleus ypsiliformis corresponds fairly
closely with the sulcus palaeopallio-epistriaticus of Thynnus and
the fovea endorhinalis interna of Amia, as deseribed by Kappers
and Theunissen ('08).

On the mesal aspect of each basal lobe, extending for almost the
whole length of the lobe is a well defined sulcus of great morpho-
logical importance which has been ignored by other writers on
the brains of fishes. It forms the dorsal boundary of the precom-
missural body and has some points of resemblance with the fis-
sura limitans hippoecampi (C. Judson Herrick, -'10) in Amphibia
and Reptilia, the fovea septocorticalis (Kappers and Theunis-
sen) in Rana, and the fissura arcuata of Gaupp, with which, how-
ever, it is not fully homologous, as will appear beyond. It will
be designated sulcus limitans telencephali.

Ventrally of this furrow lies the corpus precommissurale, termed
the epistriatum by Kappers ('06), the lobus olfactorius posterior,
pars medialis, by Goldstein, ete.

An examination of fig. 4 shows that the fissura endorhinalis
on the ventral surface of the hemispheres forms an open V. It
first appears rostrally at the point where the olfactory tract joins
the hemispheres (fig. 24), gradually extending laterally until the
base of the suleus ypsiliformis is reached, whence it turns medially
again. For the whole of its extent the tractus olfactorius lateralis
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lies immediately dorsal, giving off fibers to* the nucleus olfacto-
rius lateralis and nuecleus pyriformis. Lateral to the caudal end
of the fissura endorhinalis lies the nucleus teniae of Edinger,
Kappers and Goldstein.

(2) Nuclei. The basal lobes are entirely separate, excepting
ventrally, where they are joined by the lamina terminalis, which
runs rostrally from the region of the optic chiasma. At a point
approximately two-thirds distant from the rostral margin of the
hemispheres, there lies embedded in the lamina terminalis, the large
anterior commissure, connecting both lobes (figs. 34 to 61).
Rostrally, the lobes overhang the olfactory tracts for a short dis-
tance (fig. 24), while caudally the hemispheres, spreading later-
ally over the optie tracts, -are partly covered by the optic lobes
(fig. 76).

The basal lobes contain, in teleosts, the secondary olfactory
centers, one or more tertiary centers and the so-called corpus
striatum, here designated the palaeostriatum. In the carp this
receives, throughout most of its extent, secondary olfactory fibers.

(a) Corpus precommissurale. Extending from the rostral end
of the hemispheres caudally into the diencephalon is a eolumn of
- cells, bordering the medial ecavity on either side. Its dorsal
limit is indicated by the sulcus limitans telencephali and it is
bounded laterally, throughout most of its more caudal portion, by
the palaeostriatum.

This is the corpus precommissurale; the area olfactoria posterior
medialis and epistriatum of Kappers, '06, but not of Kappers, "08,
where this name is applied to the primordium hippocampi; the
lobus olfactorius posterior, pars medialis of Goldstein; ‘vordere
nucleus,” partly, of Bela Haller. At the rostral end of the hemi-
sphere this nucleus is largely ventral (fig. 25); toward the anterior
commissure, however, it increases in dorso-ventral extent cover-
ing practically all the mesal surface of each hemisphere (fig. 35).
The interposition of the fibers of the commissure separates the
nueleus into two parts, a dorsal passing above the commissure,
and a ventral composed of cells lying between its fiber systems
(figs. 35, 36, 38, 55, 56, 61). Caudally of the anterior commissure,
these two divisions of the nueleus remain distinet, one continuing
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ventrally, close to the median cavity, while the other remains
dorsal, meeting the lateral olfactory area in the polus posterior
of the hemisphere, and then continuing eaudally under the haben-
ula. This forking column of cells is, as will be brought out more
clearly later, the morphologieal equivalent of the precommissural
body or paraterminal body of Elliot Smith in mammals and rep-
tiles, and is, therefore, here termed the corpus precommissurale,
The rostral portion of the nucleus corresponds morphologically
to the rostral part of the ganglion mediale septi of Gaupp, or the
area precomimissuralis septi of Kappers and Theunissen in the
frog, and is called, therefore the nueleus medianus (fig. 25).

The portion of the nucleus extending into the commissure 1s
simply the bed of the anterior commissure of Elliot Smith in
reptiles and mammals and is called, therefore, the pars eommis-
suralis. The arm of the precommissural body arching over the
commissure presents points of resemblance to the pars fimbrialis
septi of Kappers and Theunissen in the frog. It is here called the
pars supracommissuralis (figs. 35, 36, 38, 55, 56, 61). Its exten-
sion caudad behind the commissure joining the lateral olfactory
area is named the pars intermedia (figs. 66,67, 68, 70). Thecom-
missure bed passes immediately caudad into a nucleus of small
cells, bordering the ventricle, which is here termed the nucleus
preopticus (figs. 61, 66, 67, 68, 70, 73, 76, ete.). This is composed
of several different cell groups which will be taken up in greater
detail later.

All parts of the corpus precommissurale appear very discrete
in toluidin blue preparations. In the nucleus medianus, the
cells are closely packed, but are arranged in groups or islands
(figs. 25, 26). (See Calleja, '93.) TUsually a clear zone of few
cells surrounds the precommissural body particularly dorsally
and laterally (fig. 38). 1n the pars supracommissuralis the cells
are less closely packed (figs. 38, 46, 56), and have lost the island
arrangement. The grouping in the pars commissuralis, is largely
dependent on the position of the fiber bundles of the anterior com-
missure; the cells are, however, fairly evenly distributed (figs.
38, 56).
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In the rostral part of the commissure bed is found the group
of eellsin which terminate the fibersof the nervus terminalis. The
pars intermedia of the corpus precommissurale consists of a
narrow column of cells, fdairly closely packed and forming a dis-
tinet band aeross the ventral portion of the posterior pole of the
hemisphere (figs. 66, 67, 68, 70). Its morphological relationships
are obscure.

In Golgi preparations of different parts of the precommissural
body some of the cellular relations are brought out more fully.
In the nucleus medianus the eells are fairly large, fusiform, pyra-
midal or ellipsoid in shape, with almost all of their processes com-
ing from the ends of the perikaryon as shown in figs. 28 to 31.
A large proportion of these cells give rise to the fibers of the
tractus olfactorius ascendens. The neurites are very delicate,
possessing granular enlargements along their course. Smaller
cells with a number of short, root-like dendrites and a single long
neurite extending into the palaeostriatum, are not uncommon
(fig. 43). Several varieties of small cells, apparently functioning
as association cells, are found also in the nucleus medianus;
these are chiefly stellate, or irregularly rounded (figs. 41, 42).
In the pars supracommissuralis the cells are smaller; also rather
more of the association cells of the type shown in figs. 41, 42 are
found. Cells of type shown in fig. 43, sending fibers to the palaeo-
striatum, are more common than in the nucleus medianus. Many
of the cells of this nucleus send their neurites into the tractus
olfacto-thalamicus medialis. Such a cell is shown in fig. 40. Small
stellate and small pyramidal cells are rather more common than
the type illustrated.

(b) Primordium hippocampi. Dorsad of the suleus limitans
telencephali, appearing with especial distinctness rostrally, lies
the primordium hippocampi, or nucleus olfactorius dorsalis.
Between it and the corpus precommissurale may be seen a slight
clear area, devoid of cells. The cells of the primordium hippo-
campi are rostrally slightly smaller than those of the nucleus medi-
anus, while dorsal to the pars supracommissuralis they are very
similar to those of the latter nucleus (fig. 46). Many of them
resemble the dorsal cells of the nucleus olfactorius lateralis (figs.
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48, 49, 56). The primordium hippocampi receives secondary
olfactory fibers from the tractus olfactorius medialis and a few
commissural fibers associated with the commigsura corporium
precommissuralium. The neurites of its cells descend partly
with the tractus strio-thalamicus and partly with the tractus
olfacto-thalamicus medialis, pars dorsalis. No tertiary olfactory
fibers could be traced, in Golgi preparations, either from the
lobus pyriformis or the corpus precommissurale to the primordium
hippocampi. In Ramén y Cajal preparations, however, mingled
with the fibers of the commissura corporium precommizsuralium
rostrally are a number of unmedullated fibers connecting the
nucleus medianus with the primiordium hippocampi. From the
conditions in amphibians, reptiles and mammalsit seems extremely
probable that theserepresent the tractus area-hippocampalis rectus
- of Kappers and constitute an association path between the pre-
commissural body and the primordium hippocampi. The mor-
phology of this region will be considered more in detail further on.

(¢) Nuecleus olfactoriuslateralis. Laterally, extending from the
extreme rostral end of each basal lobe to the extremity of the
polus posterior, lies the lateral olfactory area; the area olfactoria
of Edinger, the lobus olfactorius posterior, pars lateralis of Gold-
stein, area olfactoria posterior lateralis of Kappers ('06), area
olfactoria lateralis of Kappers and Theunssen ('08). The nucleus
olfactorius lateralis is here divided into itwo parts, both rostral
to the sulcus ypsiliformis, and consisting of rather evenly dis-
tributed, somewhat scattered cells. The more rostral appears
externally as the tuberculum anterius (figs. 2 and 3), while the
more caudal presents superficially the tuberculum laterale. The
nucleus olfactorius lateralis covers as a cap the entire rostro-
lateral surface of each basal lobe. At the extreme rostral pole it
is restricted to the lateral aspect but passing caudally it gradually
spreads dorsally covering the dorso-lateral aspect of each lobe, at
the level of the sulcus ypsiliformis (figs. 25, 38).

The lobus pyriformis, so named since it is closely related to the
pyriform lobe of mammals, consists dorsally and caudally, of
evenly distributed scattered cells very similar to those of the nu-
cleus olfactorius lateralis (figs. 38, 56, 66, 67). !'Ventrally, imme-
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diately lateral to the fissura endorhinalis, a portion of the nucleus
pyriformis is specialized to form the nucleus teniae of Kappers,
Goldstein, Edinger, the caudal portion of the hypostriatum of
Catois, nueleus oeeipito-basalis of C. L. Herrick. This is a com-
pact nueleus of rather small cells (fig. 57). Caudally it meets the
pars intermedia of the corpus precommissurale, both being covered
dorsally by the unspecialized cells of the lobus pyriformis (figs.
38, 56, 66, 67, 70).

In preparations by the Golgi method, this region is plainly
marked. Throughout the whole lateral olfactory area, near.the
periphery of the lobes, one finds cells of the same general type,
with fine processes, lightly spiny, and with small sized perikarya
(figs. 32, 33, 48, 49, 52, 53). The perikarya vary considerably
in shape, flask-shaped cells being most numerous, as shown in
figs. 32, 33, from the rostral portion of the lateral area, figs. 48,
49 from the dorsc-lateral part. Oceasionally, small pyramidal
cells of the type shown in fig. 53 may be found. Flask-shaped
cells are particularly numerous close to the periphery of each lobe,
with the rounded margin of the perikaryon directed toward the
periphery and most of the processes arising from the mouth of the
flask. A cell of this type is shown in fig. 52. Part of these proc-
esses extend laterally along the ventricular margin, while the
neurite enters the basal forebrain bundle.

The cells of the nucleus teniae vary somewhat from the general
type of the laterdl olfactory area neurone but are recognizably
similar. Many of the cells, as shown in figs. 59, 60, possess peri-
karya more nearly ovoid than flask-shaped; the processes are
fine and bear inconspicuous spines, however, as do the other cells .
of the lateral olfactory area. Fig. 58 shows a cell nearly pyra-
midal in shape.

(d) Palaeostriatum. In the central part of each basal lobe is
a region called by practically all writers on the teleostean brain
the corpus striatum, here termed the palaeostriatum (figs. 25, 38,
56). It is bounded mesially by the precommissural body, dor-
sally by the primordium hippocampi and on the other sides by the
lateral olfactory nucleus. Practically all parts of it receive
olfactory fibers of the second order and it is largely, therefore, a
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portion of the mesal and lateral olfactory areas. The cells of the
central part of this area are very large and conspicuous (fig. 44)
and are quite scattered as eompared with the cellsof other areas of
the basal lobes. In series stained by evtological methods, such as
toluidin blue or thionin, it is easy to demonstrate that there is a
gradual transition from these conspicuous eells to those typical
of the lateral olfactory area.

According to the Golgi method, neurones of the central portions
of the palaeostriatum appear very large, with comparatively
enormous perikarya, and with long, thick, very thorny dendrites
(figs. 50, 51). In shape, the perikarva vary from short, flask-
shaped to pyramidal (fig. 45).

There i1s shown in Golgi preparations the same transition
between the area olfactoria lateralis and the palaeostriatum, as
in toluidin blue or thionin preparations. One may note a gradual
change, in passing from the periphery centrally, from the small,
flask-shaped eells with rather inconspicuous thorns, to the large
eells, with enormous perikarya and thick, thorny processes; more-
over, now and then, a cell of the palaeostriatal type will be found
close to the periphery, or a small lateral area cell found in the palae-
ostriatum. A large proportion of the cells of both the lateral
olfactory area and the palaeostriatum send their neurites into the
basal forebrain bundle, the different parts of which will be taken
up later. The neurites of the cells of the nucleus teniae, however,
enter the tractus teniae. Many of the cells of these two areas are
apparently association cells, functioning not only to bring differ-
ent parts of the same area, but also adjacent areas, such as lateral
- olfactory area, palaeostriatum and corpus precommissurale, into
relation. Such is apparently the function of some of the cells of
the type shown in figs. 50, 51.

The word ‘palaeostriatum’ is not used in quite the same sense
as it is used by Kappers, as will be noted from the preceding dis-
cussion. Kappers believes that the palaeostriatum is elosely eon-
nected with the olfactory apparatus, but receives no somatic sen-
sory connections from the thalamus, which it probably doesreceive
in the teleosts. The term as here used indicatesthat astructureis
found in the teleosts, elosely related to the secondary olfactory
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centers, and morphologically related to a part, at least, of the cor-
pus striatum of higher forms.

(e) Nucleus commissuralis lateralis. Situated in the ventro-
medial portion of each basal lobe, in the region of the anterior
eommissure, at either end of the commissure is a small compact
nucleus of fairly large, closely packed cells (figs. 38, 56). No
references to it in the literature have been noted; it has, therefore,
been termed the nucleus commissuralis lateralis, owing to its
location, laterally at the level of the anterior commissure.

(f) Nuecleus preopticus. Immediately caudal to the anterior
commissure there appears ventrally the recessus preopticus of the
third ventricle (fig. 56). Surrounding this, on either side, and
passing rostrally insensibly into the pars supracommissuralis,
_is the nucleus preopticus. This nucleus is composed of cells of
two types; at the level of the caudal margin of the hemispheres is a
dense massof eells bordering the median vgntriele; its cells are some
of the largest in the brain (fig. 71), and are flask-shaped with their
bases directed toward the ventricle and most of their processes
extending laterally and ventro-laterally (figs. 67, 70,71). This is
here termed the pars magnocellularis of the nucleus preopticus.
Rostral to this nuecleus, continuous with the pars supracommis-
suralis, iz a nucleus of small ecells (fig. 64). This group of cells
extends caudally, lateral to the pars magnocellularis, gradually
curving around it eaudally, thus enclosing the nueleus magnocel-
lularis on three sides. In contradistinetion to the nucleus mag-
nocellularis this is ealled the pars parvocellularis of the nucleus
preopticus. To the portions rostral, lateral and caudal to the
pars magnocellularis are assigned the suffixes, anterior, lateralis
and posterior, respectively (figs. 64, 66, 67, 70, 78). This nucleus
extends eaudally to the region of the fibrae ansulatae.

In Golgi preparations the pars parvoeellularis shows cells of
several types, resembling closely the various kinds of small cells
of the corpus precommissurale.

The nueleus preopticus was recognized by C. L. Herrick in 1892.
Herrick saw both the large and small cells and applied the name
nidulus praeopticus to the larger portion of the nuecleus; it is
probable, however, that his nueleus postopticus contains a por-
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tion of the eells here included under the name nucleus preopticus.
Bela Haller noted the same group of cells and termed it the
nucleus posterior of the forebrain. Johnston ("98) and ('01) found
a nucleus bordering the recessus preopticus and termed it the
nucleus thaeniae owing to the fact that he observed fibers passing
from it to the habenula, and that, therefore, it is ("98) ‘“a nucleus
corresponding to the nucleus oceipito-basalis of (C. 1..) Herrick
and the nucleus thaeniae of Edinger” in reptiles. This view is
untenable as will be pointed out later. Johnston probably recog-
nized the fact, as he terms it nuecleus praeopticus in his ‘ Nervous
System’ ('06). Kappers noted the large cells and, following Her-
rick, named the group, nueleus praeopticus. Goldstein, follow-
ing the descriptions of Edinger for the brains of reptiles and birds,
applied the names magnocellularis and parvocellularis strati grisei
-to the two components of the nucleus.

(z) Nucleus entopeduncularis.  Appearing immediately cau-
dal to the nucleus eommiszsuralis lateralis is a group of very small
cells (fig. 65), lying embedded in the basal forebrain bundle (figs.
66, 67, 68, 70). This is the nucleus entopeduncularis of Gold-
stein. 1

3. THE DIENCEPHALON

a. Rostral limils

The division of the vertebrate brain into transverse segments,
with a clear definition of their limits, i a matter of considerable
difficulty, particularly since, as Johnston and C. J. Herrick have
pointed out, most of the important morphological centers and
fiber connections are arranged in longitudinal columns. The
question of the caudal boundary of the telencephalon ventrally
is still unsettled, some authors considering the pedunculi thalami,
caudal to the anterior commissure, part of the diencephalon,
others placing the rostral limits of the 'tween-brain behind the
optic chiasma in the adult. Dorsally the caudal margin of the
velum transversum has long been considered the limit of the fore-
brain. Johnston recently ('09) has taken up the subject in some
detail and his interpretation is here followed; according to which
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the caudal limits of the forebrain include the velum transversum
and the optie chiasma. The pedunculi thalami, the praethalamus
_of C. L. Herrick, are included in the telencephalon, and their een-
ters have already been deseribed (nueleus preopticus and nucleus
entopeduncularis).

Most writers on the brains of fishes have, however, included
these struetures in the diencephalon; in fact even under the inter-
pretation here followed, the pars parvocellularis posterior of the
nueleus preopticus extends into the diencephalon, sinee it reaches
caudally to the level of the fibrae ansulatae.

b. Gross morphology

The diencephalon in the earp is of the tvpical teleostean type.
Immediately eaudal to the velum transversum, the diatela is
thrown into a convoluted folded epithelial sae, extending ros-
trally over the membranous pallium of the hemispheres, forming
the saceus dorsalis, post-velar arch, or Zirbelpolster (figs. 68, 73).
This is an extremely vaseular structure, formed by the ecovering of
pia mater and a lining, continuous with the ependvma of the third
ventricle. Arising immediately caudal to the saccus dorsalis,
with the eaudal wall of the one practically adherent to the rostral
wall of the other, is the epiphysis or pineal body. This is a small
elongated tubular organ extending rostrally, suspended in the
folds of the dorsal sac. Its epithelium, while an extension of that
of the ependyma, is glandular in type. Lying embedded in the
membranous wall between the dorsal sac and the epiphysis, is
found the commissura habenularum, or commissura superior. At
the caudal base of the epiphysis is found the commissura posterior,
between it and the tectum optieum.

The diencephalon is eommonly subdivided into epithalamus,
hypothalamus and thalamus. The latter has been divided by
C. J. Herrick (’10), following Ramén y Cajal, into pars dorsalis
(sensory correlation eenters) and pars ventralis (motor eorrelation
centers). The epithalamus of the carp is distinet; the other parts
are so confused that further embryological study will probably be
necessary to effect this separation; and the assignment of the differ-
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ent nuelei and fiber tracts to these regions in this paper must be
regarded as provisional, particularly with respect to the centers
lying within, and immediately dorsal to, the lateral parts of the
inferior lobes.

The inferior lobes consist of an unpaired pars medialis, which is
clearly hypothalamie, and paired partes laterales, the lateral
lobes, which apparently belong chiefly to the pars wventralis
thalami.

The lobi laterales are widely separated rostrally by the inter-
posed lobus medius, while they meet one another caudal to it.
Caudally a furrow appears on the ventral aspect of thelateral lobes,
the suleus mammillaris of Goldstein (fig. 4). The prominence of
the lobes mesal to the two sulei, iz due to the development dor-
sally of the corpora mammillaria of Goldstein (fig. 117). Later-
ally, each inferior lobe shows several lobes and sulei, varying some-
what in different individuals. Rostrally the great size of the
nucleus prerotundus and nueleus rotundus causes the development
of a slight protuberance, appearing on the outside of the lobe (fig.
3). Further caudally the nucleus cerebellaris hypothalami gives
rise to a similar enlargement (fig. 3). The lobus medius consists
of the tuber cinereum rostrally, and the pars infundibularis
caudally.

Extending ventro-rostrally from the tuber is found the hypo-
physis, consisting of the two eonspicuous solid lobes, separated by
a circular constriction; a rostral pars glandularis and a caudal
pars nervosa. Ventrally these are separated into symmetrical
parts by a longitudinal median furrow (fig. 4). Extending cau-
dally from the caudal margin of the pars ir.fundibularis of the lobus
medius is a narrow, thin, glandular, men.branous sae, the saceus
vasculosus, opening into the infund.bular eavity (fig. 4).

The median eavity of the forebrain extends eaudally and ven-
trally between the two pedunculi thalami and thalamus proper.
giving rise to diverticula which penetrate the lateral lobes. (For
a more detailed aceount of the ventricles of the teleostean infe-
rior lobes see Goldstein ('05), pp. 189-195, figs. 13-19; Edinger
(’08), fig. 171.) g
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(1) Epithalamus. The epithalamus of the carp is easily defined,
consisting of the saccus dorsalis and epiphysis and the habenular
centers, ineluding the two habenular ganglia, the habenular decus-
sation, or commissure and the nucleus posthabenularis, together
with their connections.

The ganglia habenularum are very conspicuous in the earp,
protruding for half their diameter into the median cavity (figs.
78, 81). Their cells are small and evenly distributed but thrown
into groups or islands by the fibers of the tractus olfacto-habenu-
laris ana the fasciculus retroflexus (figs. 78, 81). As seen in Golgi
preparations, the cells are very characteristie, of the type normal
throughout the vetebrate series (fig. 75).

Nucleus posthabenularis. . Immediately ventral to the habenu-
lar ganglia, the cells of the one continuous with the cells of the
other, lies the nuecleus posthabenularis, ‘das posthabenulare
Zwischenhirngebiet’ of Goldstein, the ‘posthabenulare Zwisch-
enhirngegend’ of Bela Haller, Meynert’'s nucleus of reptiles
(figs. 78, 81). Rostrally, it becomes continuous with the nuecleus
intermedius (fig. 70), while caudally it extends beyond the level
of the commissura posterior (fig. 84) always holding a position close
to the median ventricle and ventral to the faseiculus retroflexus.

(2) Thalamus. At the level of the habenulae, there appear on
either side, immediately ventral to the arch of the tectum, the
corpora geniculata lateralia. Mesal to the lateral geniculate
body lies the nucleus anterior thalami of Goldstein (figs. 78, 81).
This is easily recognized, owing to its large size and its character-
istie appearance, showing a ring of cells about its periphery (fig.
81).

Nucleus rotundus and associated centers. One of the most
important parts of the thalamus, and at the same time one of the
most difficult to understand in all its relations, is the region of
the nueleus rotundus. Owing to its prominence, it has been noted
by nearly every writer on the teleostean brain. It was deseribed
by Fritsch and called by him the nueleus rotundus; Bellonei used
the same term, while C. L. Herrick termed it the nuecleus ruber.
Goldstein assigns the name nuecleus ventralis thalami to this
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whole region, although he shows both in his figures and desecrip-
tions that it contains different groups of cells with different char-
acteristiecs. Kappers (06) pointed out that the eenter previously
deseribed as nueleus rotundus i= really made up of several char-
acteristiec groups of cells. That

situated most dorsally, proximally and laterally, is the nucleus praero-
tundus. This group . . . gradually passes backward into a
much larger group ﬂltuatul under and lateral to the level of the nucleus
rotundus and ending where the real nucleus rotundus has its largest
zize. This latter group, which belongs entirely to the lobi inferiores,
I shall distinguish as the nucleus subrotundus from the nucleus rotundus
" proprius, as it extends in part under the real nucleus rotundus so that
the com. horizontalis, before it enters the lower border of the latter, lies
for some distance over it and between it and the nueleus rotundus pro-
prius.

This separation of the nucleus rotundus of the earlier authors
into three different components is a matter of considerable mor-
phological importance, as will be brought out later. Kappers’
description applies in a general way to the l'(‘lﬂf.lﬁll"- in the earp,
with some unportant modifications.

At the level of the rostral margin of the lateral lobes, the nueleus
prerotundus appears ventro-laterally immediately ventro-lateral
to the commissura transversa (fig. 78). It consists here of a
fairly compact mass of irregularly shaped cells of medium size.
A short distance further caudally this nucleus lies wedged in
between the lateral lobe and the commissura transversa. Dorso-
laterally it forms a small protuberance on the lateral surface of
the brain (fig. 81). From this point the nucleus prerotundus
extends caudo-mesially to the region of the nuecleus posterior
tuberis. It may be compared in shape to the caudate nueleus in
the human brain, with a large and conspicuous head rostrally,
gradually diminishing in size caudo-mesally (figs. 84, 89, 103, 106).

The nucleus rotundus proprius is by far the largest and most
conspicuous nucleus of the thalamie region. It appears rostrally
at about the rostral margin of the commissura posterior and ex-
tends caudo-mesally, lateral to the nuecleus prerotundus, almost
to the commissura ansulata, meeting the corpus mammillare
ventro-mesially (figs. 84, 89, 103, 106, 117).
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Ventrally of the nucleus rotundus, extending caudo-laterally
from the level of the nucleus posterior tuberis, to the level of the
eaudal margin of the corpus mammillare, lies the nucleus subro-
tundus (figs. 106, 117).

When the three components of the nueleus are considered to-
gether, it is noted that the nueleus prerofundus forms a cap over
the rostro-mesal surface of the nueleus rotundus (fig. 84), decreas-
ing in transverse diameter as the latter inereases in size (fig. 89).
At approximately the level where the nuecleus prerotundus ends,
the nueleus subrotundus is beginning to appear, embedded in the
nucleus rotundus ventro-laterally (fig. 106). Further caudally
(fig. 117), since the nucleus rotundus extends ecaudo-mesally
while the nucleus subrotundus extends caudo-laterally, the two
come to lie approximately in the same horizontal plane, one lateral
to the other, the nucleus rotundus merging into the dorsal margin
of the corpus mammillare; the nucleus subrotundus similarly
ending in the nuecleus ecerebellaris hypothalami and losing its
typical shape and appearance (see figs. 136-140, for a horizontal
projection of these nuelei).

In addition to their conspicuous size, the nuclei rotundi show
a characteristic strueture, hardly fully brought out in any of the
drawings. The nucleus prerotundus throughout most of its
extent is composed of rather large seattered cells, together with
small numbers of various smaller sized cells (fig. 85) showing
faintly between them. Severalof the cells from Golgi preparations
are shown in figs. 86 to 88. The ecells of the nucleus rotundus
are smaller and more nearly of the same size. They are always
scattered in groups or islands, giving a characteristic appearance
to the nucleus (fig. 90). Figs. 91 to 94 show several from Golgi
preparations. The nueleus prerotundus and rotundus combined
form the ‘kleinzellige’ portion of the nucleus ventralis thalami of
Goldstein. The most easily recognizable of these nuclei is the
nucleus subrotundus, owing to its extremely charaeteristic appear-
ance near its rostral end, or head. There, as shown in figs, 106 and
107, it presents a circular appearance in transection, with its cells
grouped in the center and surrounded by a clear peripheral ‘area.
The cells average larger than those of the remaining two nueclei
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and are noticeably so in its caudal part, where they become large,
spindle shaped or pyramidal, as the nucleus cerebellaris hypo-
thalami is approached. This nueleus corresponds to the ‘gross-
zellige’ portion of the nueleus ventralis thalami of Goldstein.
By the Weigert or Ramdn vy Cajal methods the nueleus prero-
tundus and rotundus show a peculiar bloteched appearance, due
to the presence of small bundles of fine fibers scattered between
the islands of cells; fiz. 102 brings this out fairly well.

Nucleus posterior thalami. Lateral to the nucleus rotundus,
at the level of the nueleus posterior tuberis, is a nueleus of very
large ganglion cells, the nucleus posterior thalami, the ‘ Vereins-
gebiet’ of Bela Haller (figs. 103, 106, 117). This gradually in-
creases in size eaudally finally disappearing in the nueleus cere-
bellaris hypothalami. Its cells are particularly large as shown in
fig. 109 from a toluidin blue preparation and figs. 110 to 113 from
Golgi preparations.

Nuecleus ruber tegmenti. Dorso-mesal to the caudal part of
the nucleus posterior thalami, and dorsal to the nuecleus subro-
tundus is a nueleus of extremely large cells, the nuecleus ruber
tegmenti of Goldstein (fig. 117).

The remaining centers of the thalami are omitted from con-
sideration in this article as they have no special connection with
the olfactory apparatus and are not necessary for purposes of orien-
tation. This includes the nucleus dorsalis of Goldstein, the nucleus
corticalis of Kappers, the nucleus praetectalis, and nucleus inter-
medius of Goldstein.

(3) Hypothalamus. The hypothalamus consists of the lobus
medius and part of the lobi laterales of the inferior lobes (figs.
3, 4), together with their ineluded centers and conneections, and
the hypophysis. The lobus medius consists rostrally of the tuber
einereum and caudally of the pars infundibularis. Ventro-ros-
trally, as previously noted, is given off the hypophysis, while
extending caudally from the pars infundibularis, is found the
saceus vasculosus.

Nucleus anterior tuberis. A single group of ecells, the nucleus
anterior tuberis, makes up the larger part of the rostral portion
of the lobus medius (figs. 81, 84, 89). This is composed of smaj)
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cells, appearing as a core in the center of the nucleus (figs. 84,
89). Rostrally, the nuecleus anterior tuberis is continuous past the
fibrae ansulatae, Herrick's commissure, ete., into the nuecleus
preopticus, pars parvocellularis posterior. Caudally, the nuecleus
ends at the level of the lateral ventricular diverticula, leading to
the lobi laterales (figs. 100,101). See also Edinger (’08), fig. 171;
Goldstein ('05), text-fig. 16.

Nucleus posterior tuberis. Dorsad of the diverticula the nu-
cleus anterior tuberis passes eaudally into the nucleus posterior
tuberis, immediately ventral to the tuberculum posterius (Hau-
benwulst) (fig. 103). This i1s a nucleus of small cells, similar in
appearance to those of the nueleus anterior tuberis, although its
cells are more evenly diztributed.

Nueleus ventralis tuberis. Appearing rostrally, immediately
ventral to the commissura horizontalis, is a nucleus of enormous
cells, not hitherto deseribed in the literature, which is here termed
the nucleus ventralis tuberis (fig. 78). It continues for a short
distance caudally, lying close underneath the median ventricle
and gradually diminishing in size (figs. 81, 84).

Nueleus lateralis tuberis Laterally, appearing immediately
caudal to the commissura horizontalis, at the ventro-lateral mar-
gin of the nueleus anterior tuberis, oceurs a closely packed group
of large cells, the nucleus lateralis tuberis (fig. 84). This is found
only for a short distance at the level of attachment of the hypo-
physis.

Nucleus ventricularis. Close to the median ventricle, parti-
cularly as far eaudal as its diverticula, may be seen a layer of
densely packed cells close against the ependyma. Similar cells
may be noted adjacent to the median ventricle rostrally, even
before the anterior commissure. The same condition holds
also for the walls of the lateral diverticula into the lobi laterales.
It is noticeable that wherever these cells are found the ependyina
consists of higher columnar cells than in other regions. These
probably belong to the apparatus, deseribed by Johnston, for
the regulation of blood pressure in the brain.

Nueleus diffusus lobi lateralis. Throughout the peripheral
portion of the lobi laterales, particularly laterally and ventrally,
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is an evenly distributed area of small cells, forming the nueleus
diffusus lobi lateralis of Goldstein, the substantia grisea lobi infe-
rioris of Kappers, who divides it into a pars anterior and a pars
posterior (figs. 78, 81, 84, 89, 103, 106, 117). The cells, as shown
in Golgi preparations, possess elliptical or flask-shaped perikarya,
with many finely spiny dendrites, resembling somewhat the undif-
ferentiated cells of the area olfactoria lateralis. A number of the
cells are shown in figs. 95 to 99. This undifferentiated area is
evidently the primitive structure of the lateral lobes from which
its nuelei have been gradually evolved. (Compare the condition
of ganoids, according to Johnston.)

Nueleus ecerebellaris hypothalami. Appearing rostrally, at
approximately the middle of the longitudinal extent of the lateral
lobes, oceurs a nucleus of large evenly distributed, scattered cells,
the nucleus cerebellaris hypothalami of Goldstein (fig. 89). This
extends caudally and laterally, gradually increasing in size until
it occupies a large part of the transverse diameter of each lateral
lobe (figs. 89, 103, 106, 117). It extends practially to the eaudal
part of each lobe, laterally. A small area, under high power, is
shown in fig. 108.

Corpus mammillare. The only remaining center of importance
in the lobi laterales is the ganglion mammillare of Goldstein.
Rostrally and dorsally it meets the tail of the nucleus rotundus;
thence it extends caudally, always adjacent to the median wall
of the eaudal portion of each lobe (fig. 117), practically to the tip
of the lobes. It is composed of very small, clozely packed, evenly
distributed cells of characteristic form (figs. 118, toluidin blue;
119 to 121, Golgi). Where this nueleus comes into contaet with
the nucleus rotundus the two may be easily distinguished by the
difference in the size and arrangement of the cells.

In Weigert preparations the corpus mammillare is easily dis-
tinguished, owing to the large number of fine medullated fibers
found in it, giving it a finely reticular appearance.

A number of the cell groups here introduced will not be fur-
ther considered but have been mentioned in order to give an
accurate understanding of the relations of the different centers.
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4. THE FIBER TRACTS

. a. Crural tracts

The olfactory neurones of the first order from the olfactory
‘mucous membrane to the olfactory bulbs and their conneetions
at that point have already been described. The connections
between the bulbs and hemispheres will next be considered. Tt
has long been known that the fibers of the olfactory tracts pass
between the bulbs and olfactory lobes in two bundles; Bellonei
was the first to divide the tracts into a medial and a lateral.
C. L. Herrick in 1891 brings out elearly the morphological rela-
tions of these two tracts, which he calls the radix lateralis apd the
radix mesalis. He points out that the radix lateralis passes
directly from the bulbs to the ecaudo-lateral part of each basal
lobe, which he terms hippoeampus, and that the radix mesalis
decussates in the anterior eommissure. Edinger ('96) figures a
horizontal projection of the basal lobes of the carp, in which he
traces the lateral tract, called by him the tractus bulbocorticalis,
into a region termed the area olfactoria, while the median olfac-
tory bundle, or tractus bulbo-epistriaticus, ends partly in the epi-
striatum of the same side, and partly decussates in the anterior
eommissure. Catois ("01) identifies the same two bundles as
‘Le faisceau externe’ and ‘Le faisceau interne.’ Catois is the
first to point out that the medial tract consists of both centri-
petal and centrifugal fibers. He agrees with Edinger that it is
partly erossed and partly uncrossed. Bela Haller likewise identi-
fies the two tracts. Goldstein ("05) has worked out the relations
of the bundles in more detail than his predecessors, and finds that
the lateral tract, ‘laterale Riechstrahlung,” originates in the lobus
olfactorius anterior and ends, largely unecrossed, in the lobus
olfactorius posterior, pars lateralis, while a few fibers decussate
in the anterior commissure to end in the same area on the opposite
side. The ‘mediale Riechstrahlung’ is formed, according to
(roldstein, entirely from centripetal fibers, which run in several
distinet bundles. The more lateral originates in the lobus olfaec-
torius anterior, and decussates in the anterior commissure to
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énd in the lobus olfactorius posterior, pars lateralis, of the oppo-
site side. The remaining two bundles originate from the formatio
bulbaris; the more medial forms the commissura olfactoria inter-
bulbaris, while the more lateral ends in the lobus olfactorius
posterior, pars medialis, in which are confused the precommissural
body and the epistriatum of Edinger. Kappers ('06) observes two
different conditions in the teleosts examined by him. The lateral
tract, or radix olfactoria lateralis, always ends in the area olfactoria
posterior lateralis (area olfactoria of Edinger) ; in Gadus, Thynnus
and Lophius it ends on the same side, however, while in Salmo
it decussates in the anterior commissure to end in the opposite
side. 3 Kappers also finds that the medial tract is eomposed of
two parts, a medial tractus olfacto-lobaris medialis and a lateral
radix olfactoria medialis propria. He finds that both sets of
fibers decussate and that most of them end in the area olfactoria
posterior medialis, here termed epistriatum, although a few in
Salmo may end in the lateral area.

In none of the previous work on these tracts in fishes have all
of the connections been brought out. This is undoubtedly due,
in part, to the lack of a detailed study of the olfactory bulb and
in part to a failure to learn the direction of the different compo-
nents by the use of the Golgi method.

The olfactory erura in the carp, as previously noted, are very
long and in transections at different levels, the apparent number
of tracts varies considerably. In some sections only one or two
bundles will appear, while in others ten or twelve may be seen.
In order to determine the number and relations of these bundles,
plots were made of several complete series of serial sections of the
crura, showing the number of bundles appearing in each section
and their relation to one another. Micrometer measurements
were used to determine the relations in all doubtful eases; that is
to say, whenever in one section two bundles were found, and
in the next section three, measurements were taken if there was
any doubt as to which of the two gave rise to the third. In this
way, 1t is possible to determine the number of important fiber
bundles in the crura and by tracing them to their origin and ter-
mination, learn their relation to the eenters of the bulbs and basal
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lobes. Thus it is shown that instead of a radix medialis and a
radix lateralis there are nine distinet fiber bundles running through-
out the crura (figs. 123, 124, 22, 23).

(1) Tractus olfactorius lateralis. The lateral tract, the trae-
tus olfactorius lateralis, consists of three bundles, a pars lateralis,
pars intermedia and pars medialis. These are composed entirely
of eentripetal fibers, arising largely from mitral cells of the lateral
part of each bulb. A few fibers, however, arise from stellate
cells more centrally placed (fig. 124). The tractus olfactorius
lateralis, pars lateralis originates, chiefly in this way, from stel-
late cells of the nucleus olfactorius anterior, a few of its fibers
arising, however, from peripheral mitral cells (figs. 124, 137).
The tractus olfactorius lateralis, pars intermedia is the largest
and most important of the three. Part of its cells of origin lie
in the nucleus olfactorius anterior, while the larger proportion
are mitral cells from the lateral portion of the bulb rostrally and
dorsally (fig. 6). One small bundle of fibers originates from the
mesal part of the bulb, erossing dorsally to join the main tractus
olfactorius lateralis, pars intermedia (fig. 6). The tractus olfac-
torius lateralis, pars medialis is small but extends throughout
almost the entire length of the bulb, arising partly from mitral
cells and partly from stellate cells of the nueleus olfactorius
anterior (figs. 6, 124). The fibers of all three portions of the
tractus olfactorius lateralis pass through the erura (figs. 22, 23),
and gradually spread out above the fissura endorhinalis (figs. 24,
35) to end, without decussating, in the lateral olfactory area
of the basal lobes (fig. 137), including all parts of the nucleus
pyriformis and nucleus teniae. Fibers end throughout almost
the entire length of the area, the fibers ending farthest rostrally
arising from the tractus olfactorius lateralis, pars lateralis. All
three tracts, however, give off fibers to all parts of the nuecleus
olfactorius lateralis, rostrally of the suleus ypsiliformis. A larger
proportion of the fibers of all three bundles end farther caudally,
~however, in the nucleus pyriformis, beyond the suleus ypsili-
formis, and in the nucleus teniae. Golgi preparations show that
in all cases the fibers bend abruptly dorsad usually branching
at their termination. The termination of the lateral tract in the
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basal lobes of the carp i similar, therefore, to its ending in the
majority of other teleosts; it has been possible, however, to dem-
onstrate fibers from the tractus olfactorius lateralis in the dorsal
and dorso-lateral region of the basal lobes, called by Johnston
('06) the epistriatum. This area is, therefore, simply a part of
the lateral olfactory area. '

(2) Tractus olfactorius medialis. The medial olfactory, de-
seribed by the earlier workers as a single tract, and by the most
recent as two, is really composed in the carp of five bundles of
widely varying relationships (figs. 22, 23, 124, 136, 137).

Tractus olfactorius ascendens. The tractus olfactorius ascen-
dens deseribed by Kappers, in Salmo, Gadus, ete. {radix olfactoria
medialis propria) as a eentripetal tract is, in the carp, as shown by
Golgi preparations, a centrifugal bundle, originating from ecells
in the nueleus medianus (figs. 27 to 31). Catois described the
more medial portion of the medial tract as eentrifugal, but other
authors have been unanimous in considering all excepting a few
commissural fibers as centripetal. The fibers of the traetus
olfactorius ascendens gather from all parts of the nucleus medianus
and extend rostrad to the bulb in two bundles which oceupy the
middle or intermediate portion of the base of each crus (figs. 24,
23, 22). On reaching the olfactory bulb the fibers gradually
spread out, and end in the nucleus olfactorius anterior (figs. 124,
136).

Tractus olfactorius medialis. Medially in the bulb and erus
is found the tractus olfactorius medialis. This originates almost
entirely from mitral cells and contains the neurites from practi-
cally all the mitral cells far rostrally in the bulb; it may be traced
much farther rostrally than any of the other tracts of the erus.
Throughout most of the bulb three bundles, belonging to this
tract may be identified (for two of them see fig. 6) ; near the caudal
margin of the bulb, however, these three join to form two, which
may be traced separately to their termination in the basal lobes.
The two lateral bundles originate almost entirely from ecells at
the extreme rostral end of the bulb, joining to form the tractus
olfactorius medialis, pars lateralis. This can be distinguished
from the tractus olfactorius medialis, pars medialis throughout
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the entire extent of the crura: for a short distance at the rostral
end of the basal lobes the two are so closely joined, however, that
it is difficult to identify them (figs. 24, 34). As they come into
proximity to the anterior eommissure they again separate, the
tractus olfactorius medialis, pars lateralis holding a position
dorsal to its smaller companion tract (fig. 34). From this point
caudad it extends slightly laterad until the anferior commissure
is reached, when it largely decussates at about the middle of the
commissure, to end in the lobus pyriformis of the opposite side
(figs. 35, 36, 55, 137). This agrees with the more lateral por-
tion of the ‘mediale Riechstrahlung’' of Goldstein but differs
from the conditions observed by Kappers, excepting for a few
fibers in the brain of Salmo. A small number of fibers, however,
as shown by Golgi preparations, leave the tract before its decussa-
tion to end in the nucleus preopticus (fig. 137) and the pri-
mordium hippocampi. The tractus olfactorius medialis, pars
medialis originates from mitral cells of the medial surface of the
bulb, and extending to the basal lobes, decussates ventral to and
slightly rostral to, the tractus olfactorius medialis, pars lateralis
(figs. 34, 35, 136). This forms the commissura olfactoria inter-
bulbaris of Goldstein, the commissural fibers connecting the
two olfactory bulbs, which have been described by many writers.
In Weigert preparations it appears as if these fibers actually form
a cominissure, but when the crossing is examined in Golgi and
Ramén y Cajal material, it is found that a large part of the fibers
decussate in the eommissure and then end almost immediately,
while a few terminate at the commissure, without decussation.
Many fibers terminate, also, in the pars anterior of the nueleus
medianus, the pars supracommissuralis of the corpus precommis-
surale and possibly in the primordium hippocampi of the same
side. It can not be stated with certainty that no fibers pass
around to the opposite bulb; commissural fibers have, therefore,
been indicated on the diagram (fig. 124). Kappers, Edinger,
Bellonel and others have noted fibers belonging to the medial
olfactory tract, and ending in the hypothalamus. Such an
appearance is likewise common in Weigert preparations, as the
fibers of the tractus olfactorius medialis, pars lateralis appear
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to continue in the tractus olfacte-thalamicus medialis. Such a
condition is deceptive, however, as no such fibers could be demon-
strated in Golgi or Ramdn v Cajal preparations. It is evident
that the Weigert preparations, which fail to show the fine fibers
as they approach their termination, are, therefore, unreliable in
a study of the origin and termination of tracts, or the relations of
two closely associated bundles.

(3)  Nervus terminalis. Earlier agroup of ganglian ecells belong-
ing to the nervus teminalis was deseribed. As shown in fig.
124 the neurites of these cells pass mesad, lying for a distance
between the two bundles of the olfactory nerve, along the mesal
surface of the bulb. This has been demonstrated in Golgi prep-
arations. In Weigert and vom Rath preparations, an unmedul-
lated tract, undoubtedly formed by the central processes of these
ganglion cells, extends from the same region to the hemispheres
(Sheldon, '09, Sheldon and Brookover, '09). Rostrally this
traet lies embedded in the tractus olfactorius medialis, pars medi-
alis (fig. 6), on the medial aspect of the bulb. As it passes caudad
throughout the erus, it still holds approximately the same position
with reference to the tractus olfactorius medialis, pars medialis
(figs. 22, 23). When the rostral part of the basal lobe is reached,
the nervus terminalis gradually turns dorso-laterad through the
tractus olfactorius medialis to lie between that and the tractus
olfactorius ascendens (fiz. 24). As the anterior commissure is
reached, the unmedullated fibers separate from their eompanion
tracts and decus=ate in the rostral part of the commissure, end-
ing in the rostral portion of the pars commissuralis of the corpus
precommissurale, as deseribed for the nervus terminalis of sela-
chians by Locy, and in Amphibia by Herriek (figs. 35, 136). :

(4) Dustribution of secondary olfactory fibers in the forebrain.
It will have been noted that secondary olfactory fibers end in a
very large part of the basal lobes. Fibers of the lateral olfactory
tract end throughout the lateral, dorsal and latero-ventral por-
tions of the basal lobes from the rostral end to the lobus pyri-
formis and nucleus teniae of the polus posterior. These fibers
exténd, also, into a large part of the central area formerly called
striatuin. The mesal tract, the tractus medialis, carries centri-
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petal fibers to the nucleus medianus; nucleus supracommissuralis,
nucleus preopticus and the primordium hippocampi, probably
also to the nucleus commissuralis lateralis (Ir. olf. med.); in addi-
tion to further fibers for the lobus pyriformis. The only portions
of the basal lobes which do not receive secondary olfactory fibers
are the nucleus entopeduncularis and, possibly, a small area in the
center of the palaeostriatum. It ean not be =aid with certainty,
however, that this latter area receives no olfactory fibers of the
second order; simply that such were not demonstrated.

b. The anierior commissure

The olfactory areas of the two basal lobes are connected by
four sets of commissural fibers, crossing in five bundles. In the
most rostral part of the anterior commissure are found numbers of
fine fibers, partly medullated and partly unmedullated, bending
sharply dorsad. The unmedullated fibers connect the mesal
portions of the two primordia hippoeampi, while the medullated
join similar parts of the partes supracommissurales of the corpus
precommissurale (Sheldon, '09 a, fig. 6). A short distance
eaudad, accompanied by unmedullated fibers, is a small commis-
sure of medullated fibers conneeting the lateral portions of the
partes supracommissurales and nuclei dorsales or primordia
hippocampi (figs. 35, 36). This latter bundle, as it presents
points of resemblance with the commissura pallii anterior of
reptiles, and the rostral portion of the commissura pallii or com-
missura dorsalis of Amphibia, is termed on the plates, eommis-
sura dorsalis. Morphologically, however, the fibers mentioned
thus far are divisible into a commissura hippocampi, pars anterior,
and a commissura corporium precommissuralium, each bundle
consisting partly of each kind of fibers (fig. 138).

At the caudal part of the anterior commissure a few unmedul-
lated fibers pass across to connect the rostral ends of the nuclei
preoptici of the two lobes. This is termed the commissura nu-
cleorum preopticorum (fig. 138).

The commissura dorsalis is closely associated with the decussa-
tion of the tractus hypothalamo-olfactorius medialis and also with
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a fourth commissure, entirely unmedullated, connecting the
ventral parts of the two nuclei pyriformes, and here termed the
commissura hippocampi, pars posterior. Its fibers are closely
intermingled with those of the decussating tractus olfactorii
mediales, partes laterales, distinguishable in Weigert preparations
owing to their lack of medullary sheaths (fig. 138). BSee also
Goldstein, Taf. 11, fig. 7; Goldstein terms this the commissura
olfactorii internuclearis. This commissure is shaped like a bow,
with either end bent caudally to terminate inthe nuclei pyriformes
(figs. 36, 37, 55). This is the hippoeampal commissure of C. L.
Herrick, probably also the commissura interolfactoria of Kappers.
This eommissure offers points of resemblance with the fibers of the
commissura dorsalis, which conneet the two oceipital poles in the
frog and with a part of the commissura pallii of Kappers in the
frog.

It will be noticed that the anterior commissure complex con-
tains two bundles connected with the primordium hippocampi,
and one with the nucleus pyriformis, all of which are probably .
represented in the commissura dorsalis, or commissura hippocampi
of amphibians. The morphological significance of the regions
- thus connected will be considered later. ]

These comprise all of the conneetions of the basal lobes except-
ing those bringing them into relation with the diencephalon,
together with a few praethalamic connections which will be taken
up later.

¢. Diencephalic conneclions

(1) The tractus olfacto-habenularis. In 1892 Edinger deseribed
for selachians a tract between the basal lobes and the ganglia
habenularum which he called the tractus ganglii habenulae ad
proencephalon, stating, however, the possibility that its fibers
might run in the opposite direction. Such a connection was also
indicated by C. L. Herrick, in the same year under the name of
taenia thalami. All recent writers have observed these fibers,
and have shown that they are largely ascending, from the basal
lobes to the habenular ganglia of the epithalamus. Catois
traces the fibers of his tractus olfacto-habenularis from the caudal
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part of the hypostriatum (nucleus teniae) to the habenulae;
Kappers and Goldstein make similar observations. Johnston,
however (98, '01, '02) in Acipenser and Petromyzon finds that
the larger proportion of the fibers ascending to the habenulae arise
from the nueleus preopticus, called by him the nucleus thaeniae
('98, '01, '02) and nucleus praeopticus ('06). Some fibers in Aci-
penser are traced from the nucleus postolfactorius ventralis and
nucleus postolfactorius lateralis, corresponding largely to the
corpus precommissurale and the area olfactoria lateralis, respec-
tively. It will thus be noted, as Johnston himself pointed out,
that the tractus olfacto-habenularis of Acipenser and Petromyzon
is not the equivalent of that in teleosts, selachians, amphibians,
reptiles and mammals. The conditions as observed in the earp
explain this discrepancy, as in this form the tractus olfacto-
habenularis is equivalent to both the traetus olfacto-habenularis
of Edinger, ete., and of Johnston (figs. 140, 141, 142).

The tractus olfacto-habenularis of Catois, Edinger, Kappers,
ete., the taenia thalami of Goldstein, appears conspicuously as a
small, heavily medullated bundle, arising from the nucleus
teniae, lateral to the fissura endorhinalis, at the level of the caudal
margin of the anterior ecommissure. This is here termed the trac-
tus teniae (fig. 55) and corresponds morphologically to the tractus
cortico-habenularis lateralis of C. Judson Herrick in the Amphi-
bia ('10). A

It extends latero-caudad, dorsal to the bundles of the basal
forebrain bundle (figs. 61, 68), where it receives a few unmedul-
lated fibers from the nucleus intermedius, the tractus intermedio-
habenularis, pars anterior (figs. 140, 141, 142), possibly homologous
to the tr. septo-habenularis of Herrick. Slightly caudal to this
point the traet receives a smallinumber of unmedullated fibers
from the nucleus entopeduncularis, extending dorsad from the
praethalamus. This is termed the tractus entopedunculo-haben-
ularis (fig. 72), and is probably the morphological equivalent
of the lateral praethalamic portion of the taenia thalami of
amphibians and reptiles. A large part of these fibers may be
descending, corresponding to the tr. habenulo-thalamicus of Her-
rick ('10). Quite a number of fine unmedullated fibers arise
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from the nucleus preopticus, pars parvocellularis anterior, to
join the main tract (figs. 73, 141, 142), termed the tractus pre-
optico-habenularis, pars anterior.  Where the nucleus intermedius
becomes continuous with the nucleus posthabenularis, it gives off
a few unmedullated fibers to the tractus olfacto-habenularis, the
tractus intermedio-habenularis, pars posterior (figs. 141, 142).
The pars magnocellularis gives rise to two sets of fibers for the
habenulae, both unmedullated, a diffuse fiber connection extend-
ing dorsad, close to the median ventricle, the tractus preoptico-
habenularis, pars medialis (fig. 73), and a small compact tract,
which passes lateral to the basal forebrain bundle, the tractus
preoptico-habenularis, pars lateralis (figs. 74, 141, 142). Further
caudally traets join the main bundle from the pars parvoeellu-
laris, pars posterior, of the nucleus preoptieus, the tractus pre-
optico-habenularis, pars posterior; and from the nucleus post-
habenularis, the tractus posthabenulo-habenularis (figs. 141, 142).
Part of this may also be descending and, therefore, homologous
with the tractus habenulo-thalamicus of Herrick.

All of these fibers make up the tractus olfacto-habenularis.
It will be noted that the only medullated bundle is the tractus
teniae; this is likewise the most conspicuous of the different fiber
systems which probably explains why it is the only one previ-
ously deseribed in teleosts. The habenular ganglia, then, receive
fibers from practically all parts of the caudal portions of both the
lateral and medial olfactory columns. Laterally, fibers pass up
from the nueleus teniae of the lobus pyriformis, medially from the
mucleus preepticus, nucleus intermedius, nueleus entopeduncularis
and nucleus posthabenularis. The lateral connection is the one
observed by Edinger, Catois, Kappers, Goldstein, ete., while the
medial is that found chiefly in, Acipenser and Petromyzon by
Johnston. Apparently the largest bundle in Petromyzon cor-
responds with the tractus preoptico-habenularis, pars lateralis,
in the carp.

Practically all of the fibers of the tractus olfacto-habenularis
decussate in the commissura habenularis, the commissura superior
of many writers (figs. 76, 141, 142). It is possible that a few fibers
end on the same side. It 1s likewise possible that there are a few
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commissural fibers connecting the two nuclei teniarum, taking
this course, and running in the tractus teniae (Edinger ('08) fig.
© 231), as in the Amphibia. Such fibers would be comparable with
the commissura pallii posterior (commissura aberrans) of lizards.

Several different fiber systems arising from eells in the habenular
ganglia have been deseribed. As indicated above, Edinger, in
his earlier work, believed that the tractus teniae aroseinthe haben-
ulae, the tractus ad proencephalon. He also deseribes in sela-
chians a tract to the midbrain roof, the tractus ganglia habenulae
ad mesocephalon dorsalis; a tract to the midbrain base, the trac-
tus descendens ganglii habenulae, in addition to the long known
Meynert’s bundle, or fasciculus retroflexus, more recently de-
seribed by Goldstein, Edinger, ete. under the name *tractus haben-
ulo-interpeduncularis.” Bela Haller observed fibers arising in
the habenulae and entering the optic apparatus, ‘ Habenular-
wurzel des Opticus;’ also a tract extending ventrad into the dien-
cephalon, ‘Hauben-Zwischenhirnbahn.’ ;

(2) Fasciculus retroflexus. The faseiculus retroflexus in the
carp is a strong, chiefly: unmedullated traet, originating partly
from eells of the habenulae (fig. 75) and partly from the nucleus
posthabenularis, as pointed out earlier by Bela Haller and Gold-
stein (figs. 141, 142). From this point it extends eaudad to the
corpus interpedunculare, as described by practically all writers
on the habenular connections (figs. 77, 79, 80, 82, 83, 100, 101, 102,
114, 115, 116, 122). As noted by Goldstein, it is surrounded by
medullated fibers caudally. These originate from the nucleus
posthabenularis and pass caudad to the commissura ansulata,
which they appear to enter, turning laterad. Goldstein simply
figures these fibers, giving no deseription of their connections.

(3) Tractus habenulo-diencephalicus. This tract arises in the
habenulae and, descending into the more ventral diencephalie
regions, is easily identified in the carp, as it is heavily myelinated.
Haller traces it into the nucleus posthabenularis, while Gold-
stein thinks that it ends farther ventrally, possibly in his nucleus
dorsalis. The tract, according to the conditions in the earp,
contains both aseending and descending fibers and extends ventro-
caudad from the habenular ganglia practically to the nuecleus
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posterior tuberis. (Tractus habenulo-diencephalicus, figs. 77,
79, 80, 82, 83, 100, 101.) Excepting its most rostral part, it is
closely associated with the medial forebrain bundle dorsally,
which probably accounts for the rarity with which it has been
reported. Apparently most of its fibers decussate in the habenu-
lar commissure, but such could not be demonstrated with cer-
tainty.

The tractus habenulae ad prosencephalon of Goldstein, the trac-
tus ad proencephalon of Edinger, was not identified. Of course,
it is quite possible that some of the fibers of the tractus olfacto-
habenularis are ascending, as Goldstein believes.

No optic eonnections with the habenulae could be found, as
Bela Haller deseribes. Large numbers of cells lying in the nu-
cleus posthabenularis, particularly near the median ventricle,
give rise, however, to fibers which pass directly laterad to enter,
apparently, the optic apparatus as Haller notes (figs. 76, 77, 79,
83). These require further study. Considering the intimate
relation between the nucleus posthabenularis and the ganglia
habenularum, an optie connection, such- as Haller deseribes, not
improbably exists in some forms.

(4)- Posthabenular-preoptic connections. In addition to the
connections already deseribed with the faseiculus retroflexus and
the optie apparatus, the nuecleus posthabenularis is placed in
relation with the nucleus preopticus through three sets of diffuse
unmedullated fibers, a tractus preoptico-posthabenularis, pars
anterior from the nuecleus magnocellularis to the nucleus post-
habenularis; a tractus preoptico-posthabenularis, pars posterior
from the nueleus parvoeellularis posterior, and the tractus post-
habenulo-preopticus from the nucleus posthabenularis to the
nueleus parvocellularis posterior (fig. 140).

It is evident from its position and connections that the nueleus
posthabenularis is closely related with the habenulae. The two
are evidently a morphological entity, the habenular ganglia devel-
oping as specialized portions of the dorsal lamina of the thalamus.

(5) Epiphyseal fibers. Along the caudal wall of the epiphysis
runs a small medullated bundle, which extends eaudad to the
posterior commissure. It is possible that it gives off fibers to the
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habenular ganglia as it passes them, but such could not be dem-
onstrated with certainty.

(6) Fasciculus medialis hemisphaerii. This was observed first
by Bellonei in Anguilla, and by him considered to be an olfactory
tract of the second order from the olfactory bulbs to the nuclei
rotundi. The question of the presence of such fibers in the carp
has already been discussed. Edinger similarly traced a part
of the fibers of the medial olfactory tract to the diencephalon,
the tractus ad lobum inferiorem. C. L. Herrick identified the
tract, but states that it originates in the mesaxial lobe (nucleus
medianus and nueleus supracommissuralis of the corpus pre-
commissurale), decussates as the axial commissure (anteriorcom-
missure), and then extends to the infundibulum. Herrick calls
the rostral end the ‘basal cerebral fasciculus,” while the dien-
cephalic part he terms the fornix tract. Johnston ('98) describes
the bundle as the tractus strio-thalamicus ventralis, passing cau-
dad, without decussation, to end in the inferior lobes. In 1901
he points out that these fibers are largely descending, originating
chiefly from the nucleus postolfactorius ventralis and to a less
extent from the nucleus preopticus. It also contains ascending
fibers from the corpus mammillare, most of which decussate in
the anterior eommissure to end in the epistriatum of the opposite
side. Kappers describes the bundle in the teleosts as originating
in his epistriatum (corpus precommissurale) and ending unerossed
immediately lateral to the nucleus rotundus. Goldstein gives
the same origin for the fibers, but states that they decussate in the
nueleus posterior tuberis. He notes also that the tract consists
of more than one bundle, but fails to observe any difference in
the connections of the different components.

A careful study of this tract in the carp shows that, instead of
being a simple, single tract, it is really a complex of six fiber bun-
dles each with a distinet course and connections. It likewise
becomes apparent that Kappers, Goldstein, Johnston, ete.,
observed only a part of these components, which accounts for
the differences in the course and connections of the tract as
described by them.



220 RALPH EDWARD SHELDON

The medial forebrain bundle first appears rostrally at the level
of the anterior commissure, on either side of the mid-line. Im-
mediately dorsal to the commissural fibers appears the tractus
hypothalamo-olfactorius medialis, made up largely of fine, medul-
lated fibers, between which are found many unmedullated in
character (fig. 37). All of the fibers of this bundle are ascending,
originating in the nucleus posterior tuberis (figs. 102, 104). Part
of them decussate almost immediately, as shown in fig. 102, while
the majority pass up on the same side to decussate in the anterior
commissure, closely associated with the fibers of the commissura
hippocampi, pars posterior and commissura dorsalis. Both sets
of fibers terminate in the corpus precommissurale, largely in the
pars supracommissuralis. This tract is that observed hy Gold-
stein caudally, and called by him a descending tract.

Ventral to the fibers of the anterior commissure, at its level,
may be seen another component of the median forebrain bundle,
the tractus olfacto-thalamicus, pars ventralis (figs. 36, 37). The
fibers making up this bundle appear very similar to those of the
tractus hypothalamo-olfactorius medialis. They originate from
the corpus precommissurale, largely in the pars supracommis-
suralis, and run caudo-ventrad, in a diffuse bundle, to terminate
in the nucleus rotundus and the nucleus posterior thalami.

At the caudal margin of the anterior commissure a third com-
ponent, the tractus olfacto-thalamicus, pars dorsalis, appears.
This is a rather diffuse bundle, made up of fine medullated and
intermingled unmedullated fibers, which originate largely in the
supracommissural part of the precommissural body and terminate
in the nueleus subrotundus. This bundle, together with the pars
ventralis, was noted by Goldstein, rostrally (Taf. 11, fig. 7).
He points out that one passes dorsal and one ventral to the tractus
olfactorius medialis, pars lateralis, and that both originate in the
medial olfactory nucleus. Apparently, however, he failed to
follow all the fibers caudad, as in the more caudal region he ob-
served only the tractus hypothalamo-olfactorius medialis, which
tract he had not seen farther rostrally. The two parts of the
tractus olfacto-thalamicus form the tractus olfacto-hypothalami-
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cus medialis of Kappers, who failed to note the bundle from the
nucleus posterior tuberis.

A short distance caudal to the anterior commissure, the medial
forebrain bundle has increased largely insize (figs. 68,69), dueto the
presence of a large number of short fibers, most of which are
unmedullated. These are present throughout most of the extent
of tract and are both ascending and descending, connecting and
placing in relation the different parts of the precommissural
body, nucleus preopticus and diencephalon. These fibers form
the tractus olfacto-thalamicus, pars intermedia and tractus thal-
amo-olfactorius, pars intermedia (fig. 136).

Another factor in the increase in size of the median bundle
consists in the addition to it of a few medullated fibers arising
from the dorso-lateral part of the nucleus magnocellularis, form-
ing the tractus preoptico-tuberis. These pass eaudad mingled
with the median forebrain bundle and end, apparently, partly
in the nueleus posthabenularis, and partly in the nueleus posterior
tuberis., These fibers may correspond to the ‘Lingsbiindel’
of Goldstein.

Slightly ecaudal to the level of the habenulae a seventh tract
becomes closely associated with the median bundle, appearing to
be a part of it. This is the tractus habenulo-diencephalicus of
Goldstein and has already been deseribed in connection with the
habenular tracts (fig. 77).

When a ecareful study of the median bundle at different trans-
section levels is made, it is a simple matter to identify its com-
ponents. Their relations rostrally have already been noted; as
the tract is followed caudad it will be seen that there is a tendency
for the longer components to arrange themselves in more compact
bundles, with the more recently aequired fibers scattered about
them (figs. 73, 74, 76). For some distance there is little change in
the bundle (figs. 79, 80, 82). At the level shown in fig. 83, how-
ever, it will be noted that the fibers of the tractus olfacto-thalami-
cus, pars intermedia and tractus thalamo-olfactorius, pars inter-
media, are decreasing in number. The remaining bundles of the
complex are, at this point, separating from one another, all, how-
ever, turning ventrad (figs. 100, 101). The tractus habenulo-
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diencephalicus can be traced only a short distance eaudal to the
level shown in fig. 101, where it ends mesal to the nucleus rotun-
dus at the level of the nucleus posterior tuberis. The tractus
hypothalamo-olfactorius medialis holds a position near the median
line at this point, while the tractus olfacto-thalamici, pars dor-
salis and pars ventralis are looping ventro-laterally, to pass below
the nuecleus rotundus (fig. 101) to their termini in the nuclei sub-
rotundus and posterior thalami, respectively (figs. 115, 116, 122,
139). : ,
(7)) Fasciculus lateralis hemisphaerii. This has been known
from the time of the first workers on the microscopic anatomy of
the teleostean brain. It has been called by various names since
the time of Stieda: peduneulus cerebri, by the earlier workers,
‘basale Vorderhirnbiindel’ by Edinger, ‘faiscean basal’ by Catois,
‘tractus strio-thalamicus’ by Johnston, Goldstein, Kappers, ete.
In practically all forms it consists almost entirely of unmedul-
lated fibers, although it is one of the largest and most constant
bundles of the brain. Earlier workers eonsidered that it was made
up exclusively of descending fibers from the cells of the corpus
striatum, ending in the diencephalon. Edinger ('88) states
simply that the fibers originate in the ‘Stammganglion’ and end
in the ventral part of the ‘ Zwischenhirn.” He thinks it very likely
that part of the fibers decussate in the anterior commissure.
C. L. Herrick ('91 and '92) divides the basal forebrain bundle
into two parts, both descending, a ventral peduncle arising from
the rostral part of each basal lobe and ending in the caudal part
of the hypoaria, and a dorsal peduncle originating in the eaudal
part of each lobe, and ending largely in the nucleus ruber and sub-
thalamicus (nueleus rotundus, sensu lato). Johnston ('98) iden-
tifies three sets of fibers in the bundle, a tractus strio-thalamieus
medialis, lateralis and ventralis. Johnston here includes under
the name tractus strio-thalamicus ““all fibers connecting the fore-
brain with the ventral portion of the diencephalon.” His tractus
strio-thalamieus ventralis is evidently a part of the medial fore-
brain bundle, as iz also a portion of the tractus strio-thalamicus
medialis, consisting of asecending fibers from the thalamus to the
epistriatum, decussating in the anterior ecommissure. John-
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ston’s tractus strio-thalamicus lateralis arises from eells of the nu-
eleus postolfactorius lateralis, while the larger part of the tractus
strio-thalamicus medialis arises from the striatuin proper. In
1901 Johnston modifies these deseriptions somewhat. He says
that the ventral bundle is composed of ascending fibers, as noted
above, which end in the epistriatum of the opposite side, together
with descending fibers from the nucleus preopticus. He further
adds that most of the ascending fibers arise from the dorsal and
lateral walls of the mammillary bodies, and run in the medial
bundle. Van Gehuchten ('94) also deseribes ascending fibers in
the tractus strio-thalamicus, stating that the bundle is made up
of two kinds of fibers, those which originate in the basal ganglia
and end in the inferior lobes, and viee versa. Catois observed
these same two fiber groups one of which is formed by ‘fibers
motrices descendantes,” the other by ‘fibres sensitives ascen-
dantes.’” Catois states that the descending fibers lie external and
dorsal to the ascending. The descending fibers he traces largely
into the nucleus rotundus, and also farther ventrally, while a few
fibers extend into the basal portion of the mesencephalon. The
ascending fibers are traced by Catois from the region of the infun-
dibulum, chiefly from the more rostral part. Catois includes
here the medial forebrain bundle as a part of the tractus strio-
thalamicus. Kappers traces the tractus strio-thalamicus from
all parts of his striatum into the pedunculi thalami, ending un-
crossed partly in the nueleus rotundus, but chiefly in the nucleus
subrotundus. Kappers has, however, identified a tract aris-
ing chiefly from the lateral olfactory area, the tractus olfacto-
hypothalamicus lateralis, which has been included with the tractus
strio-thalamicus by other authors. This passes caudad,.lying
immediately dorsal to the tractus strio-thalamicus, and ending
after decussation in the ventral portion of theinferior lobes. Gold-
stein has worked out the connections of the tractus strio-thalami-
cus in considerable detail and finds that it originates from all
parts of the striatum and that part of its fibers decussate in the
anterior commissure, as Edinger suggested in 1888. Goldstein
states that the crossed fibers lie mesal to the unecrossed, and that
the more dorsal fibers in the praethalamie part of the tract contain
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chiefly fibers from the more rostral part of the striatum. He
traces strio-thalamicus fibers into the nucleus anterior thalami,
nucleus dorsalis thalami, nueleus ventralis thalami, nucleus pos-
terior thalami, nueleus anterior tuberis, nucleus lateralis tuberis,
nucleus diffusus lobi lateralis. The tractus strio-thalamicus of
Goldstein includes the traetus olfacto-hvpothalamicus lateralis
of Kappers. Johnston ('02) in Petromyzon states that the trac-
tus strio-thalamicus is formed from the neurites of the cells of the
striatum which end in the central gray of the thalamus. He
also identifies fibers from the lateral olfactory centers, forming a
part of his tractus olfacto-lobarig, which correspond to the tractus
olfacto-hypothalamicus lateralis of Kappers.

As deseribed here, the lateral forebrain bundle consists of the
tractus strio-thalamiecus, tractus thalamo-striaticus, tractus olfac-
to-hypothalamicus lateralis and tractus hypothalmo-olfactorius
lateralis (fig. 139). Rostrally distributed through the central part
of each lobe, almost at the tip of the basal lobes, may be seen
in Weigert preparations many bundles of unmedullated fibers.
Candally, near the level of the anterior commissure, these bundles
pass gradually ventrad, lying dorsal to the fissura endorhinalis
(fig. 34). Thence these turn slightly mesad (fig. 35), constantly
increasing in size through the accession of new fibers, until at the
caudal level of the commissure the lateral forebrain bundle appears
as a powerful tract containing many large bundles of mixed medul-
lated and unmedullated fibers (fig. 36). As a usual thing the
medullated fibers either forin a sheath for the unmedullated or
else form separate bundles, the two kinds of fibers being rarely
intermingled in the same bundle. A large part of the fibers, as
Goldstein deseribes, decussate in the caudo-ventral part of the
anterior commissure (figs. 36, 37). Caudal to the commissure,
the different bundles become more compactly arranged and extend
through the pedunculi thalami close against their lateral margins
(figs. 55, 61, 68).

The components of the tract, as it passes through the pedunculi
thalami, are shown in fig. 139. It will be noted that the fibers
are both ascending and descending and that the several bundles
have somewhat different connections. In general it may be stated
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that the fibers connected with the more rostral part of the basal
lobes lie ventrally and medially; that those belonging to the mid-
portion of each lobe hold an intermediate position, while the more
caudal fibers appear dorsally in the praethalamic bundle. It
will be noted, also, that those which decussate in the anterior
commissure are among the more eaudal fibers, while those of the -
extreme caudal tip of the basal lobes oecupy the extreme dorsal
position and form the lateral hypothalamie tracts (figs. 36, 37,
55, 61, 68, 69, 72, 73).

The lateral forebrain bundle receives from, or sends fibers to,
all parts of the basal lobes excepting the corpus precommissurale,
nucleus medianus, nuecleus supracommissuralis, primordium hip-
pocampi, and possibly the nuecleus preopticus. The fibers from
the caudal part of the lobes belong to the nueleus pyriformis
chiefly, although a few fibers are undoubtedly in connection with
the lateral part of the nucleus intermedius; they, therefore, form
a tract corresponding to the tractus olfacto-hypothalamicus later-
alis of Kappers. Kappers, however, described this as a descend-
ing tract, while it here contains both ascending and descending
fibers, which reach all parts of the nuecleus pyriformis (figs. 69,
72).

A large part of the fibers of the tractus strio-thalamicus, or
remaining portion of the lateral forebrain bundle, are ascending
and ‘are distributed to all parts of the palaecostriatum, nuecleus
olfactorius lateralis, including the dorso-lateral area of the basal
lobes, called epistriatum by Catois and by Johnston (06). Many
of these ascending fibers enter into relation with large association
cells of these areas, their neurites enclosing the perikarya of the
cells (figs. 49, 50, 51). Other ascending fibers reach the peripheral
area and branch dichotomously to form tangential fibers (fig. 39),
here coming into relation with the association cells and their
processes. Descending fibers of the tractus strio-thalamieus arise
from cells found in all parts of the same areas, palacostriatum,
nucleus olfactorius lateralis, ete., already deseribed. The nueleus
olfactorius lateralis, and most, if not all of the palaeostriatum
receive secondary olfactory fibers, while the palaeostriatum
recelves also processes from association cells of the corpus pre-
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eommissurale (figs. 39, 139, fib. precom. str.). So far as the fiber
connections are concerned, therefore, a definitely limited corpus
striatum in the basal lobes ean not be found, thus agreeing with
the relations as shown by a eytological study.

In the pedunucli thalami, as was noted earlier, the fibers of the
lateral forebrain bundle enclose the nucleus entopeduncularis,
giving off collaterals to it (figs. 68, 69, 72, 139).

Throughout the extent of the pedunculi thalami little change
takes place in the bundle; as it passes over the chiasma its com-
ponents extend slightly ventrad, however, and now cover all of
the lateral surface of the peduncles (figs. 73, 76). At the rostral
margin of the lateral lobes the more ventral bundles become
closely massed against the commissura transversa (figs. 77, 79),
caudal to which they bifurcate, a few fibers entering the nucleus
anterior tuberis (fig. 80), while many turn into the nuecleus pre-
rotundus (figs. 80, 82, 83, 100). The larger proportion of these
two sets of fibers are ascending as Catols states (figs. 104, 105),
although a part are certainly descending. Farther ecaudally the
intermediate fibers of the bundle likewise turn ventro-laterad and
enter the caudal part of the nucleus prerotundus, passing through
it to distribute along the rostro-mesal aspeet of the nueleus rotun-
dus and to the ventral part of the nucleus diffusus lobi lateralis
(fig. 83). Part of the nucleus prerotundus fibers are ascending,
but a definite statement can not be made regarding those of the
nueleus rotundus.  In the latter ease there is no doubt but that
most of them are descending as C. L. Herrick, Catois and others
deseribe, although the intermediate bundles certainly eontain
some ascending fibers. The fibers break up in the nueleus pre-
rotundus and rotundus in a very characteristic manner, noted by
the earlier workers on the teleostean diencephalon (see C. L.
Herrick ('92), nidulus ruber). This was mentioned earlier and is
shown in fig. 102. The dorsal bundles distribute caudally a few
fibers to the nueleus subrotundus, nucleus posterior thalami,
nucleus cerebellaris hypothalami and a large number to the nu-
cleus diffusus lobi lateralis, ventrally and caudally. The tractus
olfacto-hypothalamicus lateralis has practically the same dis-
tribution excepting that it sends no fibers to the nueleus subro-



OLFACTORY CENTERS IN TELEOSTS 227

tundus. Thesefibers are both ascending and descending, although
most of the ascending fibers apparently arise from the nucleus
diffusas. It is difficult to make positive statements regard-
ing the cells of origin of the dorsal aseending fibers of the basal
forebrain bundle owing to rather poor Golgi impregnations of
adult brains in this region (fig. 139); there is no question as to
their presence, however, as many such fibers can be seen leaving
these bundles rostrally. In Golgi preparations of the brains of
young carp fibers may be traced, nevertheless, from a nuecleus
apparently corresponding to the nueleus cerebellaris hypothalami
into the tractus strio-thalamicus.

No strio-thalamieus fibers could be traced into the nueleus dor-
salis, nueleus anterior thalami or nueleus lateralis tuberis, as Gold-
stein found in the forms studied by him. It is probable that the
fibers which Goldstein traces into the nueleus lateralis tuberisreally
arise from the nucleus magnoeellularis, as will be shown later. It
will thus be seen that the lateral forebrain bundle eontains through-
out, both ascending and descending fibers connecting all of the
lateral and intermediate portions of the basal lobes with praeti-
cally all of the lateral and intermediate regions of the thalamus
and hypothalamus, and also a part of the medial centers. It is
not, therefore, the simple tract described by the earlier writers,
but a complicated connection of paramount importance to the
nervous mechanism.

(8) The nucleus preoplicus and ils conneclions. The fiber
connections of this nueleus have been little understood by the
different writers on the brains of the lower vertebrates. John-
ston ('98), as noted earlier, traced fibers from it to the habenular
ganglia; he also believed that secondary olfactory fibers termi-
nate therein, although he could not demonstrate their presence.
Johnston also observed fibers passing caudad, but could not
trace them to their destination. In 1901 he observed fibers from
it entering the tractus strio-thalamicus ventralis (tractus olfacto-
thalamicus, probably pars intermedia). C. L. Herrick ('92)
deseribes unmedullated fibers from the pars magnocellularis
(nidulus praeopticus), which pass laterad into the optie tract
region. Kappers notes similar fibers, which he traces ventro-
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laterad, and thence caudad into the tuber cinereum, and terms
the traectus praethalamo-cinereus. Goldstein traces fibers from
the pars magnoeellularis caudo-dorso-laterad into ‘Das post-
habenuliire Gebiet,” the ‘Lingsbiindel des grosszelligen Kerns
des zentralen Hohlengraues” From the pars parvocellularis a
few fibers decussate ventrally to enter the nucleus of the opposite
side, the ‘Commissur des kleinzelligen Kerns,” evidently the fune-
tional equivalent of the commissura anterior, pars preoptica,
previously deseribed (figz. 138). He also finds other fibers
which turn caudo-lateral, dorsal to the chiasma and postoptie
commissures and end among the cells of the eaudal portion of the
nucleus in the rostral part of the hypothalamie wall. These
fibers lie lateral to the fibers from the pars magnocellularis, and
mesal to the lateral forebrain bundle. Goldstein believes that
they constitute “‘ein Lingscommissur der einzelnen Abschnitte
des kleinzelligen Kernes des zentralen Hohlengraues.” He like-
wise believes that these fibers are identical with the tractus prae-
thalamo-cinereus of Kappers and the caudal fibers of Johnston in
Acipenser. Bela Haller finds a part of these fibers, but believes
that they are connected with the optic apparatus.

It was pointed out earlier that in the carp there are four differ-
ent habenular connections from the nueleus preopticus, corre-
spunding partly to the connections deseribed by Johnston in Aci-
penser and Petromyzon. Olfactory fibers of the second order
may be traced into both the pars parvocellularis anterior and pars
magnocellularis, from the tractus olfactorius medialis, pars later-
alis, just before its decussation. This agrees with Johnston's
conjecture (figs. 137, 139, 141). Unmedullated fibers arising from
cells in the nucleus medianus and pars commissuralis of the pre-
commissural body respectively also extend caudad, placing these
two areas in relation with the different parts of the nucleus preop-
tieug (fig. 140, &r. med. preopt. pars ant. and {r. med. preopl., pars
post.).. The fibers of the tractus mediano-preopticus, pars ante-
rior pass caudad, ventral to the crossing bundles of the anterior
commissure (figs. 37, 54). From it and from the tractus mediano-
preopticus, pars posterior fine fibers pass ventrad to end in either
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side or ventral to the recessus preopticus (figs. 54, 61). These
are probably homologous with the ‘Lingsfasern des kleinzelligen
Kerns' of Goldstein and are, perhaps, concerned with the move-
ment of cerebro-spinal fluid.

Immediately ventral to the recessus preopticus Goldstein fig-
ures and deseribes a small tract (Taf. 11, fig. 7), the eonnections
of which he was unable to identify. Fig. 62 shows a parasagittal
section in which the relations of this tract are elearly shown (fr.
preopt. sup.). It iz entirely unmedullated and arises from small
stellate cells (fig. 63) immediately ventral to the recessus preop-
* ticus, terminating partly in the nucleus parvocellularis posterior
and partly in the nucleus magnocellularis.

The most important longitudinal eaudal connection of the
nucleus preopticus is the large unmedullated tractus praethalamo-
cinereus. This originates largely from the nueleus magnocellu-
laris as deseribed by C. L. Herrick and Kappers, the fibers extend-
ing latero-ventrad (figs. 72, 73, 76). A part of the fibers, however,
originate from cells of the nueleus intermedius and nucleus par-
vocellularis anterior (figs. 69, 72), while a few arise in the nucleus
parvocellularis posterior (fig. 76). At first, the tract lies near
the median line .(figs. 69, 72, 73) but it gradually turns ventro-
laterad (fig. 74) to lie ventral to the lateral forebrain bundle
(figs. 76, 77, 79). As it is unmedullated and, therefore, of the
same color as the tractus strio-thalamicus fibers, it is easily mis-
taken for a part of that tract and was undoubtedly so considered
by the earlier authors. Immediately caudal to the postoptie
commissures it bends ventro-mesad, entering the nuecleus lateralis
tuberis (fig. 80), where undoubtedly some of its fibers terminate,
and where it probably also receives accessions. Goldstein de-
scribes and figures this tract but apparently considers it a part of
the tractus strio-thalamieus, as he traces the latter tract, but not
the former, into the nucleus lateralis tuberis. From this nueleus
the tract extends ventrad into the nucleus ventralis tuberis (fig.
80) where it doubtless undergoes the same change as in the nueleus
lateralis tuberis, thence passing on into the hypophysis, of which
it forms the chief innervation, to terminate particularly in the
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pars glandularis (figs. 80, 82). Kappers traces this traet, as was
previously noted, only as far as the region of the nucleus lateralis
tuberis, which he fails to identify.

The “ Lingsbiindel des grosszelligen Kerns des zentralen Hohl-
engraues’’ of Goldstein could not be identified with certainty. In
sagittal sections a few medullated fibers arising from the dorso-lat-
eral cells of the nueleus magnoeellularis could be observed to pass
caudad, closely associated ventrally with the medial forebrainbun-
dle as was noted earlier, apparently ending in the nueleus posterior
tuberis and the nucleus posthabenularis (figs. 136, 140, fr. preopt.
tub.). Medullated fibers extending latero-caudad as Goldstein
describes were not found. It is possible, however, that the un-
medullated fibers of the tractus preoptico-posthabenularis, pars
anterior may correspond to Goldstein's tract.

In addition to its longitudinal and habenular econnections, the
nucleus preopticus possesses a number of important short trans-
verse, or dorso-ventral connections, all of which are composed of
unmedullated fibers. Rostrally there are short connections,
running in both directions between the nueleus parvocellularis
anterior, and both the nueleus intermedius and nucleus eommis-
suralis lateralis, the tractus preoptico-intermedius, pars anterior;
intermedio-preopticus, pars anterior; preopticus lateralis; later-
alis preoptieus (figs. 68, 69, 140).  Further eaudally are found con-
nections between the nucleus magnocellularis and the nuclei inter-
medius and entopeduncularis. The nucleus intermedius eonnee-
tions include a double tract medially (figs. 72, 137, 140, &r. preopt.
intermed., pars med. and tr. intermed. preopt., pars med.) and an
ascending tract passing dorsad, lateral to the lateral forebrain
bundle, the tractus preoptico-intermedius, pars lateralis (figs.
69, 72, 137, 140). The short entopeduncular connections are
shown in figs. 69, 72, 140, &r. preopt. entoped. and tr. entoped. pre-
opt. Caudally the nueleus parvocellularis posterior and the nu-
cleus magnocellularis are related to the nucleus posthabenularis
through ascending fibers to the nucleus posthabenularis from both
these nuelei, and deseending fibers from it to the nucleus parvo-
cellularis posterior (fig. 140, &r. preopt. posthab., pars ant. and pars
post. and {r. posthab. preopi., pars ant.).
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There are also ascending and desecending unmedullated fibers
running between the nueleus posthabenularis and the nucleus
intermedius (tr. intermed. posthab. and ir. posthab. infermed.).
Connections between the nucleus entopeduncularis and the
nueleus intermedius may likewise be found (fr. inlermed. entoped.
and entoped. tntermed.).

All of these latter short connections eontain few fibers and in
many cases form little more than a reticular network between
different parts of closely related regions; they ean not be demon-
strated by means of Weigert preparations, but come out only
in the silver methods, particularly the Ramén v Cajal. They are
chiefly important in emphasizing the intimate relation between
all parts of the brain, and particularly, closely related morpholog-
ical areas, through the formatio reticularis.

This covers all of the direct olfactory eonnections which eould
be identified, but does not include the further conneetions of the
different tertiary thalamic centers with other points in the dien-
cephalon, mesencephalon, cerebellum, medulla and spinal ecord.
Some of these are shown, however, in the Weigert transections.
It is expected that an article will appear later in which the mor-
phological relations and functions of the different diencephalic
centers will be taken up in detail, in which these further connec-
tions will be brought out. Until that time, it is not deemed wise
to discuss in detail the morphological bearing of the thalamic
olfactory connections, although some points will be taken up
later in the interpretation of results.

5. THE CONDUCTION PATHWAYS

At this point it may be well to point out the different pathways
which an impulse of a given character may follow. Of the vari-
ous possible, anatomically demonstrated paths open to a given
impulse, the one chosen under given conditions can be unques-
tionably accepted only when physiological evidenee can be offered
in support. Nevertheless, impulses must follow conduetion paths,
and we may, therefore, plot out anatomiecally extensive impulse
pathways with an exceptional degree of aceuracy, as is shown in
the cases where a physiological check has been used.
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Descending pathways

Nervus terminalis. In this ease an impulse may travel from
the periphery to ganglion cells situated among the olfactory nerve
fibers and thence to a decussation among the rostral cells of the
bed of the anterior commissure. Its further course is not known.

The olfactory neurones of the first order end throughout the
lateral, rostral and rostro-medial face of the bulb. Fibers from
all three areas form the tractus olfactorii lateralis, and medialis,
pars lateralis, for the nuecleus olfactorius lateralis and nucleus
pyriformis of the basal lobes (fig. 137). From the lobus pyri-
formis originate the tractus teniae for the habenula of the opposite
side, and the tractus olfacto-hypothalamicus lateralis for the
nuecleus eerebellaris hypothalami and the nueleus diffusus lobi
lateralis of the same side (fig. 137).

The corpus precommissurale stands in relation, chiefly, with
the more medial portion of the bulb, through the tractus olfacto-
rius, pars medialis and pars lateralis, which terminate largely in
the nueleus medianus of the same and opposite side, in the com-
missure bed, and in the pars supracommissuralis of the same side.
The pars lateralis, after decussation, sends also a few fibers to the
nuecleus intermedius (fig. 137).

i'rom the corpus precommissurale there are, likewise, two great
pathways open. In one case cells with short neurites, forming
the fibrae precommissurales striatiei, transfer the impulse to
the palaeostriatum, whence it is carried by the tractus strio-
thalamicus to the nuclei anterior tuberis, prerotundus, rotundus,
subrotundus, posterior thalami, cercbellaris hypothalami and dif-
fusus lobi lateralis of the same side; and the nuelei rotundus,
subrotundus, and diffusus lobi lateralis of the opposite side (fig.
139). The other connection is through the median forebrain
bundle, which places the nucleus supracommissuralis chiefly,
but other parts of the corpus precommissurale as well, in relation
with the nuelei rotundus, subrotundus and posterior thalami.
A third conneetion, less prominent but of considerable morpho-
logical importanee, is with the nueleus preopticus. This receives
twaosmall bundlesfrom the nucleus medianus, the tractus mediano-
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preoptiei and also secondary olfactory fibers from the tractus
olfactorius medialis, pars lateralis, before its decussation (fig. 136).
It thus receives both secondary and tertiary olfactory fibers.

Very similar to the precominissural, and of great morphologieal
significance, are the descending connections of the primordium
hippoeampi. The latter receives secondary olfactory fibers from
the tractus olfactorius medialis, pars medialis, and gives rise to
fibers for the tractus olfacto-thalamicus, pars dorsalis, for the
diencephalon.

The important descending pathway from the nucleus preopti-
cus is the traetus praethalamo-cinereus from the nueleus magno-
cellularis to the hypophysis, together with the nuclei lateralis and
ventralis tuberis. Besides this there is the tractus preoptico-
tuberis from the same nuecleus to the region of the nucleus pos-
terior tuberis and the nucleus posthabenularis. Both of these
are probably neurones of the fourth order.

Important neurones, chiefly of the third order, connect the
nucleus preopticus with the habenulae, originating from all parts
of the nueleus (figs. 141, 142).

Neurones of the fourth order originate in the habenular ganglia
and pass caudo-ventrad, the faseieulus retroflexus for the eorpus
interpedunculare, and the tractus habenulo-diencephalicus for the
formatio reticularis in the region of the nucleus posterior tuberis
(figs. 141, 142).

It will be noted, then, that the olfactory neurones of the first
order, or olfactory nerve, carries impulses to all parts of the lateral,
rostral and mesal aspects of the bulb. From the lateral part of the
bulb, chiefly, but also from the mesal, impulses are carried by
neurones of the second order to the lateral area of the basal lobes.
Thence neurones of the third order earry the impulse either to the
habenula, or else to the nueleus posterior thalami, or the diffuse
cellular area of the caudal part of the inferior lobes. From the
mesal portion of the bulb impulses are carried to all parts of the
mesal olfactory area, or corpus precommissurale and primordium
hippocampi, by neurones of the second order, which also reach the
nucleus preopticus, further caudally. From the mesal area im-
pulses may travel by neurones of the third order to the palacostria-
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tum, and thenee by quaternary fibers of the traetus strio-thalami-
cus to practically all the nuelei of the thalamus and hypothalamus.

Or impulses will more usually take a tract of the third order,
the median forebrain bundle, for the region of the nueclei rotundus,
subrotundus, posterior thalami. Other impulses may continue
imto the nucleus preopticus with fibers of the third order, the
tractus mediano-preoptici, or may reach the more rostral parts of
the nucleus by means of fibers of the second order. Neurones of
the third order, largely, carry impulses from all parts of the
nucleus preopticus to the habenular ganglia. It is, therefore,
probable that the nuecleus preopticus stands in much the samerela-
tion to the habenulae as does the nueleus pyriformis. From the
nucleus preopticus fibers of the fourth order reach the nucleus pos-
terior tuberis and hypophysis, while from the habenulae such fibers
pass to the corpus interpedunculare and the medial thalamus.

Motor correlation probably takes place through two conneetions:
one of these isbymeans of the corpus interpedunculare, which sends
fibers, aceording fo Ramén y Cajal and Edinger, to the nuecleus
dorsalis tegmenti in higher forms, from which fibers undoubtedly
pass into the great bulbar and spinal descending tracts for the
transmission of somatic motor impulses. Other connections may
also develop when this nueleus and its relations are more thor-
oughly worked out. Another eonneetion 1z by way of the traetus
thalamo-bulbares et spinales from the thalamus to the medulla
and cord (Johnston, '06). In teleosts the more usual motor
pathway for the simple direct olfactory impulses is probably by
way of the corpus interpedunculare. This pathway is the more
definitely laid down and involves the more direct connections.
An impulse may pass to any part of the bulb, practically, from
the olfactory mucous membrane, thence to the lateral olfactory
area, thence by the definite, medullated traetus teniae to the
habenular ganglia, thenece by the powerful faseiculus retroflexus
to the corpus interpedunculare and thenee to the tegmental region
of the mesencephalon, whenee it may come into relation with the
motor areas of the midbrain, medulla and spinal cord.

The olfactory conneetion with the thalamus is not so simple
and direet. An impulse must pass from the corpus precommis-
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surale by way of the comparatively few fibrae precommissurales
striatici to the palaeostriatum and thence through the tractus
strio-thalamicus, or else from the corpus precommissurale by
way of the descending fibers of the medial forebrain bundle. In
neither of these cases do we find so definite and eompact a path-
way as that first outlined, wherefore we may conelude that the
first is the more usual path for the direct olfacto-motor reflexes.
Another possible motor connection is through the preoptico-
habenularis fibers to the habenular region, and thenee through the
faseiculus retroflexus, as above indicated. This is probably a
very unusual pathway as the connections just mentioned are
very diffuse and are undoubtedly simply the vestiges of a once
powerful pathway, now of less funetional importance (ef. Acipen-
ser). The funetions of these latter pathways will be considered
later.

It is quite probable that there exist also somatic fibers connect-
ing the epithalamie with the visual centers, although such were not
demonstrated (Herrick, '10b, pp. 468-469). The relation between
the ventral hypothalamic region and the wviseeral (gustatory)
pathways in teleostean fishes will be brought out later (see also
the discussion in the above mentioned paper of Herrick).

Aseending pathways

There is no evidence for the existence of centrifugal fibers in
the olfactory merve bundles. Ascending fibers from the dien-
cephalon inelude fibers from the lateral and ventral portions of the
inferior lobes to the nucleus pyriformis (tractus hypothalamo-
olfactorius lateralis); fibers from the ventro-lateral part of the
inferior lobes, the nuecleus prerotundus and nueleus anterior
tuberis especially, and possibly the nucleus rotundus to the palaeo-
striatum and nucleus olfactorius lateralis by way of the tractus
thalamo-striaticus; and the fibers from the nueleus posterior
tuberis to the corpus precommissurale. Irom the eorpus pre-
commissurale, nucleus medianus, fibers pass to the nueleus olfae-
torius anterior in the tractus olfactorius ascendens (figs. 136, 137).
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(. Judson Herrick traces the gustatory fibers of the fourth
order into the caudal portion of the inferior lobes; it is likewise
probable that tactile and other general sensory fibers reach the
dorsal thalamie region through the medial lemniseus fibers. It
18, therefore, probable, as Johnston and Herrick have already
pointed out, that the ascending fibers from the pars dorsalis of
the thalamus and from the hypothalamus are in the nature of
general somatie and viseeral sensory forebrain connections, respee-
tively. The relations of the nucleus posterior tuberis need to be
better understood, however, before the function of this ascending
tract can be stated positively. It may be a connection for the
transmission of viseeral and somatic sensory impulses to the olfac-
tory bulbs through the tractus olfactorius aseendens.

Associalion connections

(Cajal and Golgi preparations show that practically all parts-of
the brain are permeated by a closely meshed reticulum of fine
fibers, the ‘Punktsubstanz’ or formatio reticularis. In ecertain
preparations it is almost impossible to identify individual eells,
so close is the fibrous mesh. All parts of closely related regions,
such as the different nuelei of the corpus precommissurale, are
also placed in relation by means of large numbers of short con-
nections. The same holds true with respect to regions derived
from the same morphological structure. This explains the con-
nections between the nucleus intermedius and the nucleus post-
habenularis, both of which are probably parts of the same dorsal
olfactory column. It was noted earlier how the nucleus medianus
separatesinto dorsal and ventral columns; how the dorsal eontinues
caudo-laterad as the nucleus supracommissuralis, nucleus inter-
medius, nucleus posthabenularis and habenulae; and how the-
ventral continues as the pars eommissuraliz, nuecleus medianus
and the nueleus preopticus. It is, therefore, to be expected, after
what has been said regarding the close connection of associated
regions that these two dorsal and ventral columns would possess
short association connections. Such is the ease and, while these
fibers have been given the name of traets, they are really all a



OLFACTORY CENTERS IN TELEOSTS 23T

part of the same set of association fibers. The connections include
all the nucleus preopticus-nucleus intermediug, posthabenularis,
ganglia habenularum, nuecleus commissuralis, nucleus entopedun-
cularis connections (fig. 140). Such conneetions also exist between
the corpus precommissurale and the primordium hippocampi.

(ommaissural conneclions

These inelude the commissura interbulbaris between the two
olfactory bulbs (?); the commissura hippocampi, pars anterior
connecting the two primordia hippocampi or nueclet dorsales;
the commissura hippocampi, pars posterior, joining the lobi pyri-
formes; the eommissura corporium precommissuralium, between
the partes supracommissurales; and the commissurae nueleorum
preopticorum, all present in the anterior commissure. The pyri-
form lobes may also be connected through the superior or haben-
ular eommissure forming a commissura aberrans.

The formatio relicularis

In any discussion of the different pathways it must never be
forgotten that the fine, reticular network of the formatio reticu-
laris type is of great functional importance. In the past the
tendency has been to consider only the tracts laid down in definite
bundles. It is probable that in the phylogeny of a fiber tract the
heavily myelinated bundle is the latest stage. In early stages,
different areas are connected by a diffuse network of unmedul-
lated fibers, through which impulses may take many courses. As
phylogenetic development proceeds, impulses tend to take more
and more definite paths through the maze of the reticulum;
thus the diffuse unmedullated fiber connection is formed. Next
this diffuse connection becomes more compact and usually myelin-
ated. It should not be implied that the myelinated traet is more
efficient for all connections, as it probably comes into existence
chiefly when there is necessity for a stereotyped reflex; to prevent,
possibly, ‘loss of current’ through diffusion, to use an electrical
analogy. In spite of this, there is no question but that the more
diffuse connections are of the utmost importance in putting into
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relation different parts of the nervous system, and in causing it to
react as one correlated, organic whole.

6. THE MORPHOLOGICAL AREAS OF THE FOREBRAIN

On the basis of the facts brought forward in the previous
discussion, the forebrain of teleosts may be divided into morpho-
logically distinet centers, according to the following table:

Telencephalon.
Bulbus elfactorius
Nueleus olfactorius anterior
Pars lateralis hemisphaerii (pars dorso-lateralis, Herrick)
MNuclenz olfactoriuz lateralis
Tuberculum anteriuz
Tuberculum laterale
Lobus pyriformis
Nucleus teniae
Pars medialis hemisphaerii (pars ventro-medialis, Herrick)
Corpus precommissurale
Nueclens medianus
Pars commissuralis
Pars supracommissuralis
{Nueleus intermedius, in part, at least)
Primordium hippocampi, or nucleus olfactorius dorsalis (pars dorso-medi-
aliz, Herrick)
Palaeostriatum (pars ventro-lateralis, Herrick)
Nucleus commissuralis lateralis
Nugleus entopeduncularis
Nucleus preopticus
Pars parvocellularis
Pars magnocellularis

Johnston ('11) has made an important c{_mt.ributinn to the mor-
phology of the forebrain of fishes in his analysis of the ‘somatic
area’ of selachians. This paper came into my hands after the
present contribution was ready for the press, and 1 have not had
an opportunity to make a thorough inquiry into the teleostean
homologies of this selachian area. Pending further study of
this question, I may =ay that it now seems probable that some
or all of the following regions of the earp brain correspond with
the selachian somatic area of Johnston: palaeostriatum, nucleus
teniae; nucleus intermedius of the precommissural body, nueleus
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ecommissuralis lateralis and nucleus entopeduncularis. The fiber
connections of several of these nuclei are still very imperfectly
known and their morphological interpretation should therefore
be considered purely provisional until this knowledge is extended.!

III. DISCUSSION

The structural plan of the teleostean diencephalon and telen-
cephalon is very different from that of any other vertebrate type
excepting the higher ganoids (notably Amia); but as we follow
down the phylogenetic series through the lower ganoids to the
generalized fishes, we approach progressively nearer to the com-
mon vertebrate type. When the development of the teleostean
brain is more fully known it will probably prove easy to follow
here also the sequence of form changes from a generalized type.

It is generally accepted that the primitive form of the verte-
brate central nervous system was a simple epithelial tube and that
from its rostral end two pairs of lateral vesicles were evaginated.
One of these comes from the diencephalon to form the optic ves-
icles: the other comes from the telencephalon to form the cere-
bral hemispheres. The telencephalon must be defined, as taught
by His and Johnston, as the rostral segment of the neural tube,
ineluding the hemispheres evaginated from it, and not as the hemi-
speres alone, as in the BNA tables.

There is the greatest diversity in different vertebrate types
in the relative amounts of the telencephalie segment which are
evaginatéd into the hemispheres, but in no ease is the whole of
this segment represented in the hemispheres. Aeccordingly,
we subdivide the telencephalon into telencephalon medium and

! Johnston'z still more recent paper on the telencephalon of ganoids and tele-
osts (Jour. Comp. Neur., vol. 21, no. 6, December, 1911}, appeared while this con-
tribution was in press. His results differ in some matters of faect and in several
matters of interpretation from my own. So far as these concern the somatic or
non-olfactory connections, they do not fall within the scope of this article. Some
of his morphologieal conclusionz 1 think rest upon an incomplete knowledge of
the anatomical facts; but since the homologies of the telencephalic and dien-
cephalic eenters in the carp and other lower vertebrates will be fully discussed in a
forthcoming paper, Johnston’s conclusions will not he further considered at this
time.
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cerebral hemispheres, and recognize that in general the hemis-
pheres inerease at the expense of the telencephalon medium as we
ascend the phylogenetic series. For further discussion of this
question, see Johnston ('09) and Herrick ('10 b). The latter
author, on the basis of the examination of a series of embryonie
and adult brains of different vertebrates, has studied the method
of evagination of the cerebral hemispheres in relation with the
functional connections of the different parts of the neural tube
involved in this process and has devised a schematie picture of
the probable relations of the funectional subdivisions of the neural
tube in a primordial vertebrate whose optic and cerebral vesicles
. were still in the unevaginated condition ("10 b, fiz. 72). See
also Johnston (’11), fig. 82.

In such an ancestral type the suleus limitans, terminating in the
preoptic recess, separates the ventral lamina of the neural tube
(Bodenplatte or hypencephalic region of His) from the dorsal
lamina (Fliigelplatte or epencephalic region). The ventral lamina
therefore, ends in the chiasma ridge and all of the diencephalon
and telencephalon dorsal and rostral to the suleus limitans be-
longs in the primary dorsal lamina, i.e., to the sensory or recep-
tive region. The chief sensory function of this region was, in the
telencephalon, primitively, olfaction. The tissue in the ventral
part of this region, which lies in eontact with the ventral (effer-
ent) lamina behind, secondarily assumed the funetion of motor
correlation tissue, this part being usually above fishes separated
from the dorsal part by a suleus, the suleus medius (suleus Mon-
roi of authors), which in higher forms extends caudad from the
interventricular foramen. By a process of further differentia-
tion the part above the suleus medius becomes divided into epi-
thalamus and pars dorsalis thalami, and the part below the suleus
medius into pars ventralis thalami and hypothalamus, the latter
extending forward beyond the chiasma ridge into direet continu-
ity with the preoptic nucleus.

The relations just described are preserved in the diencephalon °
of adult brains of many of the Ichthyopsida and are wvisible
in embryos of many higher vertebrates. A transection taken
through the rostral end of the diencephalon, accordingly, in these
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lower vertebrates shows, in addition to the membranous median
plates in the roof and floor, four longitudinal columns or laminae
on each side, viz., the epithalamus, pars dorsalis thalami, pars
ventralis thalami and hypothalamus (fig. 128). The last two
contain motor ecorrelation tissue, with somatic and visceral ele-
ments, respectively, predominating.

In the primordial vertebrate these four columns probably
extended forward into the telencephalon without fundamental
change. In all existing vertebrate types variable amounts of this
telencephalic tissue are evaginated to form the cerebral hemi-
spheres. The olfactory bulb clearly formed the initial center of
evagination. In cyclostomes the hemisphere is composed of
olfactory bulb, with part of the secondary olfactory nueleus (these
coming from the telencephalic extension of the pars dorsalis
thalami), and a very small corpus striatum, this being an extension
of the pars ventralis thalami. In the lower elasmobranchs the
olfactory bulb is fully evaginated and the telencephalon medium
greatly elongated, with great thickening and a very slight evagina-
tion of its rostral end. In the higher sharks the telencephalon
medium is shortened in correlation with an inerease in the thicken-
ing of the tissue about the lamina terminalis and the further eva-
gination in this region of the secondary olfactory centers.

The Dipnoi show a very different line of specialization. The
olfactory bulbs are in all cases fully evaginated. The telen-
cephalon is not greatly elongated (except in adult Ceratodus) and
its lateral walls are uniformly thickened and more or less com-
pletely evaginated to form the cerebral hemispheres, whose form
and strueture, especially in the case of Lepidosiren, are very close
to those of Amphibia.

The morphology of the amphibian eerebral hemisphere has
been fully discussed in the paper cited (Herrick, 10 b), the author
showing thaf it is naturally divided into four parts (exelusive of
the olfactory bulb), viz., (1) pars dorso-medialis (primordium
“hippocampi), (2) pars dorso-lateralis (primordium of the pyri-
form lobe), (3) pars ventro-lateralis (primordium of the eorpus
striatum) and (4) pars ventro-medialis (precommissural body and
septum). He shows further that these four parts are the telen-
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eephalie extensions respectively of (1) the epithalamus, (2) the pars
dorsalis thalami, (3) the pars ventralis thalami and (4) the hypo-
thalamus and tissues surrounding the preoptic recess. The cere-
bral hemispheres of amniote vertebrates are modifications of this
fundamental pattern.

The teleostean forebrain conforms neither to the selachian nor
to the dipnoan and amphibian type. Further analysis of the series
of ganoidean types and of the ontogeny of the teleosts will doubt-
less shed light upon the steps by which the teleostean pecularities
have been acquired. The study of the form and fiber connections
of the adult brain, together with the available data bearing on
its phylogeny and ontogeny, suggests the following interpretation.

It is evident that the teleostean olfactory bulbs are completely
evaginated and that they have ecarried out with them a small
amount of seecondary olfactory tissue, the nucleus olfactorius ante-
rior. The remainder of the telencephalon remains unevaginated
as the telencephalon medium, which is, moreover, considerably
elongated. The failure of any considerable part of the telen-
cephalon, except the olfactory bulbs, to evaginate laterally is the
basis of its difference from that of the Dipnoi and Amphibia.
The fact that the increase in its tissue takes place uniformly
throughout its length or somewhat more at its caudal end instead
of at its rostral end is the basis of its difference from the elasmo-
branchs.

The increase in the mass of the telencephalon oceurs under
the influence of two chief factora: (1) olfactory impulses coming
in by way of the olfactory bulbs, (2) non-olfactory sensory im-
pulses coming in for correlation purposes from the thalamus and
hypothalamus. The correlation sought in the lower forms was
exclusively with the olfactory apparatus; olfacto-somatic in the
case of the thalamie tracts, and olfacto-visceral in the case of the
hypothalamie tracts. In higher vertebrates the non-olfactory
systems effect correlations infer-se thus giving rise to the neopal-
lium ; but little, if any of this sort of correlation oecurs in fishes.

In the teleostean brain, as has been pointed out earlier, the
arrangement of the telo-diencephalic centers in the form of
longitudinal columns, is plainly evident. At the rostral end of
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the basal lobe the ventro-medial column appears in its primitive
relations, forming here the nuecleus medianus of the precommis-
sural body. Passing caudad the nucleus medianus bifurcates
at the anterior commissure into the dorsal pars supracommis-
suralis and the ventral pars commissuralis or commissure bed.
The latter is directly continuous with the nucleus preopticus,
which in turn grades almost insensibly into the hypothalamic
nuclei. The pars supracommissuralis becomes continuous eau-
dally with the nucleus intermedius.  The cells of the latter nueleus
likewise grade over into those of the nucleus posthabenularis and
habenula, but this connection is probably secondary, as will be
brought out later.

The other diencephalie columns are interrupted at the level
of the velum transversum save for the fiber tracts of the basal
forebrain bundles. Dorsal to the ventro-medial column lies the
primordium hippocampi rostrally, immediately above the corpus
precommissurale. This, the dorso-medial column of Herrick, is
probably the telencephalic extension of the epithalamic habenula
and nueleus posthabenularis of the diencephalon.

The nycleus entopeduncularis probably belongs to the same
column as the pars ventralis thalami, the pars ventro-lateralis
of Herrick, which expands rostrally to form the palaeostriatum.
In the evaginated hemispheres of the Dipnoi and Amphibia the
striatal complex is carried outward into the ventro-lateral wall
of the hemisphere vesicle. In teleosts the wall as a whole does
not evaginate in this way; but the striatum ecomplex, with the
associated lateral forebrain tract, moves outward within the
solid basal lobe away from the ventricular surface and toward the
lateral surface of the brain, a movement which has been carried
to a greater extreme in the ‘somatic area’ of elasmobranchs
(Johnston, '11). The precommissural body and the palacostria-
tum are tobe regarded as extensions of the hypothalamus and ven-
tral part of the thalamus respectively and, therefore, as equiva-
lent to the pars basalis, or pars subpallialis, of the amphibian
hemisphere. The remainder of the basal lobe is the extension
of the epithalamus and dorsal part of the thalamus and, there-
fore, is the equivalent of the pars pallialis of the amphibian brain.



244 RALPH EDWARD SHELDON

The olfactory erus is attached to the rostral end of the basal
lobe by two systems of tracts, a medial and a lateral. The former,
as in Amphibia, connects chiefly with the precommissural body
(tractus olfactorius medialis) and in smaller measure with
the dorso-medial part of the basal lobes termed primordium
hippoeampi in this paper, this relation being in prineiple similar
to that of Amphibia and higher forms. The closely associated
nervus terminalis and tractus olfactorius ascendens have been
discussed In another connection. The tractus olfactorius lateralis
connects chiefly with the lateral part of the basal lobe, the
nucleus olfactorius lateralis and the nucleus pyriformis. These
nuclei correspond in a general way with the dorso-lateral partof the
_amphibian hemisphere, or primordium of the lobus pyriformis.
Like the palaeostriatum, they tend to move laterad away from the
ventricular and toward the lateral surface of the basal lobe.

In vertebrates with evaginated hemipheres the two dorsal
parts (pars pallialis) lie on opposite sides of the lateral ventricle
and in later phylogenetic stages become respectively the hippo-
campus and the pyriform lobe. In the teleosts these parts are
very imperfectly separated, especially at the rostral end of the
basal lobe; here both are parts of a common secondary olfactory
nucleus. Ineident to the progressive enlargement of the telen-
cephalon without the evagination of its walls, the thickened second-
ary olfactory nucleus moves laterad, carrying with it the taenia,
or line of attachment of the membranous roof, which accord-
ingly becomes dilated laterally. (See figs. 126 to 134 illustrating
the arrangement of these parts and the process of eversion.)

It will be observed that the teleostean form has not been
reached by a simple process of eversion of the whole wall such as
that suggested by Mrs. Gage (’92; see fig. 135); for that would
bring the primordium hippocampi, which borders the taenia in
Amphibia, far ventro-laterally in the teleosts. This appears not
to be the case, but a portion of the dorsal secondary olfactory
nueleus retains its dorso-medial position with reference to the
other massive structures, in spite of the lateral movement of the
taenia. The movement in question is not, in fact, a simple lateral
bending of the whole wall at the suleus limitans telencephali,
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but rather a gradual plastic movement of the material, such that,
while the precommissural body and the medial part of the dorsal
olfactory nuclei remain in the original position, the intervening
portions of the lateral wall move toward the lateral part, thus
bringing the dorsal olfactory nucleus and the precommissural
body into contact at the suleus limitans. The palaeostriatum
moves laterad only a short distance, coming to oceupy the middle
of the basal lobe. But a portion of the dorsal olfactory nucleus
and the whole of the lateral nueleus move to the extreme ventro-
lateral margin, carrying the taenia with them, thus forming at the
rostral end of the basal lobe the tubereulum laterale, and at the
caudal end the nucleus pyriformis.

The tubereulum anterius, tuberculum laterale, and nueleus
dorsalis are parts of the undifferentiated secondary olfactory
nueleus. The precommissural body and pyriform nucleus are
more highly differentiated parts of the secondary olfactory nu-
cleus which have developed under the influence of aseending fibers
of the medial and lateral forebrain tracts respectively. The
palaeostriatum has become an efferent correlation center rela-
tively free from direct olfactory connections. It i1s interesting
to note that the termination of the lateral hypothalamie traet
caudally in the teleosts has brought about the development of the
nueleus pyriformis at that point, while in the selachians the more
rostral ending of this connection (tractus pallii) has induced the
formation of the nucleus olfactorius lateralis and primordium
hippoeampi in a correspondingly different position.

The-selachians exhibit a considerably more highly differentiated
condition of all of the forebrain eenters than is found in the tele-
osts (ef. Johnston, '11). The selachian ascending tract from the
hypothalamus to the primordium hippoeampi (tractus pallii),
in teleosts is probably represented in the tractus hypothalamo-
olfactorius lateralis, a condition which resembles that of amphi- -
bians (Herriek, '10, p. 444).

The nucleus olfactorius dorsalis or primordium hippocampi
receives some fibers from the tractus olfactorius medialis, and this
connection is probably the reason why this portion of the undiffer-
entiated secondary olfactory nucleus retains its dorso-medial
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position during the lateral eversion of the remainder of this
nueleus. The adult configuration is such as to suggest that the
nucleus dorsalis is homologous with the amphibian primordium
hippocampi and the suleus limitans telencephali with the fissura
limitans hippocampi of Herrick (fissura arcuata of Gaupp).
The latter homology is however, manifestly incomplete, for the
fissura limitans hippoeampi is a total fissure involving the whole
wall of an evaginated hemisphere, while the teleostean suleus
limitans is an ependymal groove within the ventricle of the telen-
cephalon medium. The two sulei in question separate homol-
ogous parts of the brain and are as nearly homologous as the
topographic relations of these two types of telencephalon permit.

Some justification may be found for the homology of the
nucleus olfactorius dorsalis with the primordium hippocampi of
Amphibia, although the apparent resemblance in position is an
argument rather against it than for it. It must not be for-
gotten that the nueleus dorsalis occupies a dorso-median position
below the telencephalic ventricle, not above it, as in Amphibia.
In the process of eversion, to which reference was made above, the
whole of the dorsal nucleus might be expected to follow the taenia
in its lateral movement. The faet that a part of this nucleus
retains its position at the dorso-medial border of the basal lobe
has been already explained as due to its connection with the trae-
tus olfactorius dorso-medialis. This is a primary conneetion of
the primordium hippocampi; cf. fig. 125 with C. J. Herrick (°10 b),
figs. 72, 73, 83 and 84, the nucleus olfactorius dorsalis or primor-
dium hippocampi of the teleost being the funectional equivalent
of Herriek's dorso-medial ridge in spite of its position far removed
from the taenia. Nevertheless, the nucleus dorsalis shows few
other resemblances with the primordium hippoeampi. - It has
not been shown to receive large numbers of olfactory fibers of the
third or higher orders; it sends very few fibers to the anterior
commissure complex to form a commissura hippocampi and no
clearly defined columna fornieis fibers appear to arise from it,
though possibly the medial forebrain bundle may contain fibers
of this type.
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It is concluded, therefore, that the materials found in the am-
phibian primordium hippocampi are not completely separated in
the teleosts from the other elements of the secondary olfactory
nucleus, being represented chiefly in the nueleus olfactorius dor-
salis or primordium hippocampi and to a less degree perhaps in
the nucleus olfactorius lateralis and nucleus pyriformis.

The term ‘epistriatum’ has not been used in this artiele in the
deseription of the telencephalic nuclei, owing to the fact that it
has been applied by different authors, with resulting confusion,
to morphologically different structures. It was originally used
by Edinger (’96), to designate a structure found dorsal to the stria-
- tum in the lateral wall of the reptilian forebrain. Its connections
here show clearly that it 13 morphologically a lateral structure,
corresponding to the nucleus sphaericus of students of reptiles.
The epistriatum of birds, as deseribed by Edinger, is likewise a
lateral structure. Turning to the so-called epistriatum of the
anamniotes, a different condition is immediately noted. Edinger
(’06a) and Kappers (’06) deseribes as epistriatum in teleosts a
medial area reached by the tractus olfactorius medialis which
seems to include a part of our precommissural body, but in their
later works this name is applied to our nucleus olfactorius dor-
salis. Catois uses the term for the dorsdl portion of the
palaeostriatum. Johnston ("06) places the epistriatum of teleosts
on both the medial and lateral parts of each basal lobe, although
these two areas belong to morphologically different structures. It
is difficult to see how the term can continue in use without con-
stantly increasing eonfusion. KEwven if all workers had clearly in
mind the morphological characteristics of the different varieties
of epistriatum, 1t would seem unwise to use the same name, even
with a modifying adjective, as does Kappers in his later work,
for such morphologically different structures.

From the preceding discussion it is elear that the loealization of
funetion in the telencephalon of teleosts has not advanced so far
as in Amphibia and Dipnoi with more fully evaginated hemi-
spheres. This is probably the explanation of the fact that the
diencephalic regions are also far less elearly analyzed than in Am-
phibia, and that nearly all parts of the basal lobes seem to be
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connected with both hypothalamic and thalamie centers. But
the discussion of these relations can be taken up more profitably
after the connections of the diencephalic nuelei are more fully
analyzed and particularly, after their embryologieal development
has been studied.

Some comment should be made on the bearing which the data
given in this article make with respect to the morphology of the
forebrain tela. It is clear from the facts presented that the fore-
brain of the teleostean fishes contains primordial pallium and
also the primordium of all important morphological struetures
found in the forebrain of higher vertebrates. The pallium of
Rabl-Riickhard, then, is not the morphological equivalent of any
portion of the wall of the forebrain of higher vertebrates but is
simply a tela, derived from the Deckplatte of His. In fact there
is no evidence anywhere in the phylogeny of the vertebrate brain
that the Deckplatte gives rise to a nervous structure. The evi-
dence which has been offered, then, gives additional support to
the views of Studnicka, already accepted by Kappers, Johnston,
Edinger and Herrick.

Anatomleal Laboratories,
The School of Medicine,
University of P‘lllahur_i:]l.
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EXPLANATION OF FIGURES'

All drawings are made from the brain of the earp, Cyprinus carpio L. The
individual specimens from which these are made range from 15 to 30 cm. in length
for the Golgi preparations; 25 to 40 em. for those prepared with toluidin blue and
the method of Ramén v Cajal, and 35 to 60 cm. for the Weigert preparations.
Figs. 1 to 4 were drawn with the use of a dissecting microscope; for all others there
were used a camera luecida and Zeiss mieroscope with the following objective and
ocular combinations: compensating ocular 4%, objective A*; compensating ocular
8, objective A*; ocular 2, objective AA; ocular 4, objective AA; ocular 6, objec-
tive AA; eompensating ocular 6, objective AA: compensating ocular 4, apochro-
matic objective 16 mm. ; compensating ocular 4*, apochromatic objective 8 mm. ;
compensating ocular 18, apochromatic objective 4 mm.

On all figures from longitudinal sections an arrow {(—) is placed always pointing
rostrad. Where a double pointed arrow («——) appears after the name of a tract
itsignifies that the tract in question contains both aseending and deseending fibers;
the name used on the figures is, however, always that of the descending tract.
All figures from the Weigert or toluidin blue method are from transections; in
the case of the latter every cell appearing in the section is drawn in with a camera
lucida in order to obtain the proper grouping.

The eight diagrams, figs. 125, and 136 to 142, consist in each case of a basal dia-
gram, the same in figs. 125 and 141, and in figs. 136to 140, 142; to which is added in
one or more different colors, the fiber conneetions. The two different basal dia-
grams are made from series of adjacent sections by the Weigert method, sagittal
in the case of figs. 125 and 141, frontal in figs. 136 to 140, 142. Theze are drawn
with the aid of a camera lucida, a Zeiss comp. oc. 4*, and objective A*, and are
superimposed in such a way as to bring as many as possible of the structures to be
considered into one figure. The relations are not, of course, aceurate for any one
given plane. The fiber tracts are represented by simple lines showing the course
of each tract and its connections. The tracts so represented, are not, of course,
equal in respect to number of fibers; some, such as the lateral forebrain bundle,
are composed of an enormous number, while others, such as the tr. preoptico-
habenularis, pars posterior, contain only a few.
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PLATE 2
EXPLANATION OF FIGURES

2 Daorzal aspeet of the rostral end of the brain. % 4. The optic lobes sre
removed and the tela of the cerebral hemispheres, the so-called pallium, is torn
from the dorsal surface, exposing the basal ganglia.

3 Left lateral aspect of the rostral end of the brain. 4. Oobtic lobes and
tela asin fig, 2.

crus off.. erus olfactorium; hyp., pars gl., hypophysis, pars glandularis; hyp.,
pars. nerv., hypophysis, pars nervosa; lob. inf.. lobus inferior or hypoarium; N.
T, nervus oeulomotorius; w. opl., nervus opticus; n. cbl., protuberance eaused by
the development of the nucleus cerebellaris hypothalami of Goldstein; n. prerof.
+ n. rol., protuberance cansed by the development of the nucleus prerotundus
and nucleus rotundus centrally; s. ypsil., sulens ypsiliformis of Goldstein,
the rostral prolongation of which corresponds morphologically to the fovea
endorhinalis interna of Kappers and Theunissen ("08) ; fela, this indieates the torn
edge of the tela or pallium which covers the basal ganglia, extending rostrally
over the olfactory traets to the olfactory bulbs, and eaudally between the two
halves of the tectum, over the valvula: ir. m’.r’. Lot tractus olfactorius lateraliz, the
radix olfactoria lateralis of Kappers; {r. off. med., tractus olfactorius medialis,
including also the tractus olfactorius ascendens and nervus terminalis; the eor-
regponding tracts, according to Kappers are, tractus olfacto-lobariz medialis and
radix olfactoria medializ propria: he failed to note the nervug terminalis ; fub. anf.,
tubercnlum antering; due chiefly, to the presenee underneath, of the rostral end of
the nueleus olfactorius lateralis ; fuh, does., tuberculum dorsale, enlargement due
to the development of the nuclens olfactorius dorsalis; tub. lai.. tuberculum lat-
erale, caused by the development of the nucleus olfactorius latervalis; fub. post.,
tuberculum posterius, due to the development of the nueleus pyriformis.
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PLATE 3
EXPLANATION OF FIGURES

4 Ventral aspect of the roztral end of the brain. < 4.

5 Transection through the median ridge of the olfactory mucosa to show its
innervation by trigeminal nerve fibers. Weigert method. % 64, In adjacent
sections the medullated fibers may be seen reaching the membrana propria. Note
that the epithelium of the median ridge differs from that of the remainder of the
Sehneiderian membrane, particularly in the large number of gnh]nl cells proesent.
This is also a characteristic of the respiratory epithelium of mammals as distin-
gl.li.*:h-.‘.d from the ulf:u'lur}' t*pi!h[‘liurn, which lacks almost m‘nlil'!r]}.‘ the mucus
seereting cells.

chigs., optic chiasma; ¢. mam., corpus mammillare of Goldstein; fib. {rig.,
fibrae trigemini; f. end., fissura endorhinalis, the suleus rhinalis of Kappers ("06},
the fovea endorhinaliz externa of Kapperz and Theunizsen ('08), the fovea
limbica of Goldstein, the fissura ectorhinalis of Owen; go. cellz., goblet cells;
feyp., pars gi., hyvpophysis, pars glandularis; kyp., pars nere., hypophysis, pars
nervosa: fom., lamella; fob, inf., lobus inferior; lof, laf,, lobus lateralis hvpa-
thalami; leb. med.. lobus medius hypothalami, of which the rostral part is the
tuber or tuber cinereum and the candal the pars infundibularis; memb. olf., mem-
brana olfactoria, or elfactory portion of the Schoeiderian membrane ; memb. resp.,
membrana regpitatoria, the respiratory part of the Schneiderian membrane;
m. opl., nervas options:; sae. rase., saceus vaseulosus; s. mam., sulens mammillaris
of Goldstein, separating the region of the corpus mammillare from the remainder
of the lobus lateralis; tub. pesi., tubereulum posterius.
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PLATE 4
EXPLANATION OF FIGURES

6 Transection through the middle of the right olfactory bulb. Weigert method.
# a3l. Most of the stippled periphery is filled with the unmedullated fibers of the
olfactory nerve which are ending in glomeruli in this region.  An espeeially prom-
inent mass of such fibers appears dorso-laterally, forming the protuberance o’
a5 shown in fig. 1.

7 Ganglion cell of the nervus terminalis, Golgi method. 3 93, See fig, 124
for the ]:Ii'lh'i!il]l] of thiz cell.

Bt 12 Mitral cells of the olfactory bulb, Golgi method. % 93, In the cells
from transverse sections an arrow points foward the center of the bull; in sagittal
or horizontal sections the arrow points diametrieally awav from the olfactory
erus and toward the center of the bulb,  Figs. 8 and 9 are from transverse sections,
figs. 10 and 12 from longitudinal section of the bulb.

132 Fusiform  cell from nueleus olfactoring anterior. Longiindingl seetion.
Golgi method. > 93, Arrow as in figs. 8 to 12. This neurone extends diagon-
ally aeross the bulb, one end entering a glomerulus.

14 Siellate ecll from nueleus olfactorins anterior.  Transverse section. Golgi
method, =93, Arrowasinfigs, 8 to 12, Large numbers of these cellz are found,
mo=t of which are connected with glomeruli; some of these glomeruli contain mitral
cell dendrites, while many are small and are, apparently, formed only by stellate
cell and olfactory nerve processes,

15 to 17 Neurones from the nucleus olfactorius anterior, [iﬂlgi method,
w03 Arrow plm'm] asin figs. B to 12,

15 Stellate cell, connecting with a mitral cell glomerulus.  From longitudinal
section.

16 SHtellate cell from longitudinal section. Shows one dendrite in connection
with a glomerulus, while the neurite extends toward the center of the bulb.

17 Fusiform cell from longitudinal section.

dene,, dendrite; n, ferm., nervus terminalis; mewr., neurite; olf. neree, olfactory
nerve, fibers of which are seattered abont the periphery at the points noted; ir.
olf. lat., pars tiatermed. | tractus olfactorins latervalis, pars intermediag te. off. lal.
pars. med. | tractus clfactorius lateralis, pars medialis; i ol weed. | parslal., tractus
olfactoriug medializ, pars lateralis; e, olf. med., pars. med., tractus olfactoriug
medialis, pars medialis.
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PLATE 5
EXPLANATION OF FIGURES

18 to 200 Neurones from the nuelews olfactorius anterior.  Golgi method.
® 93, Arrow placed as in figs. 8 to 12.

18 Goblet shaped cell from longitudinal seetion.

19 Fusiform granule cell from longitudinal seetion,

20 Htellate granule eell from longitudinal section.

21 Fusziform eell from sagittal section of the olfactory bulb, showing neurite
entering the crus. Golgi method., = 93,

22 Tranzection through the middle of the right olfactory erus. Weigert
method, % 33, This section was drawn to show, particularly, the nervus term-
inalis; the remaining fiber pathways do not eome out so clearly as in other series.

23 Transection through the candal part of the right olfactory crus, immediately
rostral to the cerebral hemispheres. Weigert method. 3 33

24 Transection through the rostral portion of the cerebral hemispheres. Wei-
gert method. = 17, This zection shows the relation to the hemizpheres, of the
tracts of the erura,

buth, off., bulbuz alfactoriug; erus olf., crus olfactorium; f. endork., fissura
endorhinaliz; n. ferm., nervus terminalis; newr., nearite; fr. olf. osc., tractus
alfactorius ascendens, the radix olfactoria medialis propria of Kappers; fr. olf.
mac., pars lol., tractus olfactorius ascendens, pars lateralis; fr. olf. asc., pars.
med ., tractus olfactorius aseendens, pars medialis; tr. olf. lat., pars intermed.,
tractus olfactorius lateralis, pars intermedia; te. off. faf., pars lal., tractus
olfactorius lateralis, pars lateralis; fe. off. lal., pars. aeed_, tractus olfactoring
lateralis, pars mediali=z; e, m‘j’. el JHITE fal . tractus olfactorius medialis,
pars lateralis; fr. off. med., pars wmed., tractus olfactorius medializ, pars medialis.
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FLATE 6
EXPLANATION OF FIGURES

25 Transection through the rostral portion of the left cerebral hemisphere,
slightly eaudal to fig. 24. Toluidin blue method. > 46.

26 Cells of the nucleus medianus. Toluidin blue method. »* 375. From
transection. This nucleus is characterized by the srrangement of the eells in
small, elozely packed groups az shown in the fgure. Compare fig. 25.

27 Ohbligue l{]!!glillltllllltll seclhion tEaruug]l the ]u'.m:i:-,aplu;‘rr.:-'. ::]um"mg the origin
of the centrifugal fibers of the tractus olfactorius ascendens. Golgi methed.
# 0. The section iz much nearer the frontal than the sagittal plane, az iz shown
by the inelusion of both olfactory crura, o EJL:IH:inII of both nplir nerves and much
of the anterior commizzsure.

con, anl., commissura anterior: corp. preconi., n. med., COPpUs precomimis-
surale, nucleus medianus, this latter is the rostral end of the group of cells called
‘lobuz olfactoring posterior, pars medializ® by Goldstein; fareaolfactoria posterior
medializ’ and ‘epistriantum’ by Kappers ('06); ‘area praccommissuralis septi’
by Kappers and Theunissen ('08); ‘ganglion mediale septi’ by Gaupp ('99) and
‘paraterminal hody' by Elliot Smith ("03); crura off., crura olfactoria; f. endork.,
fissura endorhinalis; fyp., hypophysis: w. epl., nervus opticus; s, off. dors.,
nuclens olfactorius dorvsalis; el olf, fat., nucleus olfactorius lateralis; palaeosir.,
palacostriatum; s. lime, Lol suleus limitans telencephali; . ypsill, fur, and., suleus
}'p.-iiliiu:l'l:n:i:-i, furea anterior, the fovea endorlinalis interna of Kappers; ir. -n-f_.l".
ase., tractus olfactorius ascendens; fe. olf. med.. tractus olfactorins medialis.
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PLATE 7
EXPLANATION OF FIGURES

25-30 Cells of origin of the fibers of the tractus olfactorins ascendens. Golgi
method. x93, These cells lie in the rostral portion of the precommissural body,
in the nueleus medianus (see fig. 27, They are taken from a sagittal series and
show the branching of the dendrvites among the eells of the nuelens. The neurites
terminate in the nucleus olfactorius anterior of the olfactory bulb.

31 A=z=ociation cell of the nuelen: medianns.  Golgi method., = 93, From
sagittal section.

32-33 Cells of the rostral part of the nuclens olfactorius lateralis. Golgi
method, % 93, The neurite of fig. 32 enters the tractus strio-thalamicus, while
that of fig. 33 apparently ends in the ventro-lateral portion of the hemisphere.
The cells are taken foom a :::lgillui serwes and OUCLPY i |m5it 1on about miflwn}'
between the dorsal and ventral surfaces of the hemisphere.

34 Transection through the cerebral hemispheres immediately rogtral to the
anterior commizsure. Welgert method. = 17, The nervus terminaliz= i=, at this
level, separated from the tractus olfactorius medialis, preparvatory to its decussa-
tion; the two components of the tractus olfactorius medialis likewise appear dis-
tinctly.

cocn, inferbulb,, commissura interbulbaviz; f. end., fissura endorhinalis; n.
ferm., nervus terminalis: s, ypeil., and, limb, sulens vpsiliformis, anterior limb;
dr. olf. tal,, tractus olfactorius lateralis spreading in the form of a creseent to end
in the nucleus olfactorins lateralis, ir. olf. med., pars laf., tractus olfactoring med-
ialis, pars lateralis; tr. olf. med., pors med., tractus olfactoriug medializ, pars med-
ialis: tr. sirio-thal_, tractus strio-thalamicus: bundles appearving here are made up,
mainly, of fiberz which do not decussate.
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PLATE 3
EXFLANATION OF FIGURES

35 Transeetion through the hemizpheres at the rostral margin of the antericr
commissure.  Weigert method. 3 17.  This section shows particulaly the de-
cussation of the nervus terminaliz (see also Sheldon "09, figs. 6 and 7); also the
commissura dorsalis, partly made up of fibers connecting the two partes supra-
commissurales of the precommissural body, partly of fibers connecting the two
nuclel olfactorii dorsales {commissura hippocampi, pars anterior). The relaticn
of the corpus precommissurale to the anterior commissure is brought out cleaily,
the pars commissuralis or commissure bed of Elliot Smith appearing ventrally
and the pars supracommissuralis dorsally.

A6 Transeetion through the middle of the anterior commissure., Welgert
method, = 17, Shows especially the decussation of the tractus strio-thalamicues
erueiatus and of the tractus olfactorins medialis, pars lateralis; also the commiz-
sura hippoeampi, pars posterior, presenting points of similarity, morphologically,
with the commissnra dorsaliz of Elliot Smith in amphibians, reptiles and mammals,
the commizsura pallii of Kappers and Theunissen in amphibians, the commissura
pallii posterior of Edinger in reptiles, the commissura olfaetorii internuclearis of
Croldstein, and connecting the nuelei pyriformes of the two sides.  This section
alzo brings out several of the components of the medial forebrain bundle, the trac-
tus olfacto-lobaris medialis of Kappers ('06). Dorsally, mingled with the fibers
of the commissura dorsalis are the fibers of the tractus hypothalameo-olfactorins
medializs, These are ascending fibers, part of which deeussate in the anterior
commissure and part in the region of the nueleus posterior tuberis (see figs. 102,
104, 105). This is the tractus olfacto-hypothalamicus medializs of Goldstein.

cor, and,, commissura anterior; com. dors., commissura dorsaliz; eom. dors, ==
dee, te. hyp. olf. med., commissura dorsalis plus decussatio tractorum hypo-
thalamo-olfactoriorum medialinm; com. hipp., pars post., commizsura hippocampi,
pars poztervior; cow. dnlerbullb, (e olf. med., pors, med. ), commissura interbulbariz
(tractus olfactorius medialis, pars medializ, the fibers of the tract forming the com-
missura interbulbaris (ant ) corp. precom., pars com,, corpus precommissurale, pars
supracommizsuralis; dee. {r. olf. med., pars laf., decussation of the tractus olfae-
torii mediales, partes laterales; dec. tr. strio-thal. erue., decussation of the tractus

strio-thalamici ernciati; n. eoff. faf., nucleus olfactorius lateralis; . opi., nervus

opticus; n, pyr., nucleus pyriformis—this, together with a part of the nucleus olfac-
torins lateralis, corresponds to the lobus olfactorius posterior or area olfactoria
posterior lateralis of Kappers (706}, the lobus olfactorius posterior, pars lateraliz
of Goldstein, the lobus olfactorins of Edinger ('08), the area olfactoria lateralis
of Kappers and Theunissen; n. ferm., nervus terminalis; pelaeostr., palaeostria-
tum; #. fim, el suleus limitans telencephali; s, ypsil., fur. ant., suleus ypsiliformis,
furea anterior: ir. hyp. olf. med., tractus hypothalamo-olfactorius medialis; tr.
-"-‘!Ii-. lat. . tractus olfactorius lateralis: (e, m'r.". med., para. lal,, tractus olfactoriuz
medializ, pars lateralis; fr. olf. thal. med., pars vent., tractus olfacto-thalamicus
medializ, pars ventralis—this latter eomponent of the medial forebrain bundle is
deseending and made up of unerossed fbers (see fig. 136), which, with the pars
intermedia, and pars dorsalis, form the tractuz olfacto-lobariz medialis or tractus
olfacto-hypothalamicns medializ of Kappers; . strio=thel., tractus strio-thal-
amicus,

250




OLFACTORY CENTERS IN TELEOSTS PLATE &
BALPH EBWARD SHELIMIN

el s S.lim.te]

S

i |-l.-:--1 1-

Caa e sypall. fur ant,

— palacosty
- " tr strio-thal.

© Gorp. precom.,
o ParS Supracom.

I.-":'\._-:.,l '"tr.olf. lat.
ST cor. dors,

iy
T trolf.med pars.
® lag, Ty
: n.term.
| COFp. precom,pars.
COm

com.interbulb, [tr olf,
- - med_pars. med)

Ry S e com,ant.

Conolf lat
o palaeosty
| COrp. precom,
.\l pa¥rs Supracom.
s T Py
Yk hyp. olf. med.
. com. dors. + dec.
o W hyp. off med
7+ com. hipp, pars paost
-tz olf. thal med,
=i para wvent
dec. tr olf med.
pars lat.
dec. tr: atrio-thal
CELLE:
Corp precom.,
pars com
com. ant.
n.opt



PLATE 9
EXPLANATION OF FIGURES

37 Transection through the anterior commizsure.  Ramdn v Cajal method.
= 46, Bhows particularly the decussation of the tractus strio-thalamicus erueia-
tus.

3%  Transection through the anterior commissure. Toluidin blue method.
# A6, SBhows with great elearness the limits of the pars supracommissuralis of
the corpus precommissurale, the suleus limitans telencephali, the nucleus olfac-
toriug dorsaliz and the bed of the anterior commis=sure, the prars commissuralis of
the precommissural body.

cOrp. precop., pars com., corpus precommissurale, pars commissuralis; eorp.
precom., pars suprocom., corpus precommissurale, pars supracommissuralis; dee.
ir. fiyn, off. med. + com. kipp., pars posi., decusgatio tractus hypothalamo-olfac-
torit medialis plus commissura hippocampi, pars posterior; dec, ir. sirio-thal.
eruc., decussatio tractus strio-thalamici erueiati; sneel. com. lal., nucleus com-
missuraliz lateralis: mucl. olf, dors., nuclens olfactoring dorsalis: ruel. olf. lal.,
nucleus olfactoriug lateralis: rucl. pyr., nuecleus pyriformis; aucl. leniae, nuelens
teniae, the nuclens taeniae of Edinger, Kappers and Goldstein: palacostr., pal-
acostriatum; rec. preopl., recessus preoptiens; s Wm. fel., suleus limitans tel-
encephali; fr. hyp. off. med., tractus hypothalamo-olfactoriug medialis; fr. off.
med,, pars. lal,, tractuz olfactoring medialis, pars lateraliz; (v, off. med., pars
lat, 4 com. kipp., pars pest., tractuz olfactoriug medialis, pars lateralis plus com-
missura hippocampi, pars posterior; ir. off. thal, med., pars, venl., tractus olfacto-
thalamicus medialis, pars ventralis; {r. med. preopl., pars, ani., tractus mediano-
preopticus, pars anterior; fe. sleio-thal., tractus strio-thalamicus; fr. sirio-thal.
tnerue., tractus sirio-thalamicus incroeiatns.
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PLATE 10
EXPLANATION OF FIGURES

30 Sagittal section through the hemisphere, Golgi method. > 9 Shows
cells of the corpus precommizsurale sending axones, the fibrae precommissurales
striaticae, into the palaeostriatum. Both ascending and descending fibers of the
tractus strio-thalamicus are shown; note especially the dichotomons branching
of the ascending neurites to form tangential fibers.

40 Cell of origin of the tractus olfacto-thalamicnz medialis from the nueleus
medianus, Golgi method, * 94 From sagittal section.

41-42  Asgociation cellz of the nuelens medianus.  Golgimethod. 93, From
gagittal section.

43 One of the neurones of the nueleuz medianuz, the neurite of which forms one
of the fibrae precommissurales striaticae. Golgi method. % 93, (See fig. 30.)
From sagitial section.

44 Cellz of the palacostriatum. Toluidin blue method. % 575, From trans-
verse section,

45 Neurone from cercbral hemisphere. Golgi method. 2 93, From sagitial
:-_il,‘!f_'li“ll.. Hl’ll.l'il[’ :|in.‘:'1m| I:_‘:IIJEI.HIEE.jlﬂ"']'.‘“‘i L= :"ifl';lir-f I'I:IIILTI'IIiI"II:i. —II]Ii.'.'i NEUrones can

hardly be assigned to a definite region, az it lies about midway between the typical
cells of the palacostriatum and those of the area olfactoria lateralis. Ti will be
noted that itz perikaryon is larger than that of typical eellz of the area olfactoria
lateralis but that its dendrites do not show the 1'4‘Jt!e='|:|'h'l.ln-llr= thornz of the t}'l]i[‘:ll
palacostriatal neurones.

46 Cells of the dorsal portion of the corpuz precommizsurale, pars supracoms-
mizsuraliz.  Toluidin blue method.  From transeetion. > 575.

a7 Cellzs of the nucleas pyriformis.  Toluidin blue method. From transection.
575,

48 Neurone from the nuecleus olfactorius lateralis. l',lulgi method, > 093,
From sagittal section.  This cell is found in the dorsal portion of the hemizphere,
adjacent to the nueleuz olfactorins dorsalis, but in the region called epizstriatum by
Johnston: its neurite enters the tractus strio-thalamicus.

49 Neurone from the nuelens olfactorius lateralis. Golgi method. 3¢ 093,
Fromsagittal seetion. Thiz iz found in the rosiro=lateral portion of the hemi-
sphere; it comes into association with the ascending fibers of the tractus thalamo-
striaticus az shown alzo in figs. M0 and 51,

fib. precow. =ir., fibrae precommissurales striatici; hab., habenula; fe. slrio-
thal., tractus strio-thalamiens: (e, fhal, strial., tractus thalamo-striatiens.
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PLATE 11
EXPLANATION OF FIGURES

50-51  Neuwronesof the palacostriatum.  Golgi method. > 1835, From sagittal
sections.  About the perikarvon of each nearone iz a network formed by the
terminal arborization of the nearites of the ascending fibers of the tractus strio-
thalamicus.  The larger portion of the eclls of the palacostriatum are very thorny,
as shown in the cells drawn; a number of the nearones, however, partienlarly
thoze giving rise to descending fibers of the tractuz strio-thalamieuz. resemhble
more clozely fig. 45, with lezs conspicuous thornz and a larger perikarvon. The
eells shown in figs. 30 and 51 are evident]y association cells; their processes extend
over a very large area, bringing different parts of the hemispheres into relation
with one another, with the thalamus and hypothalamus, and with the olfactory
apparatus through the precommissural body,

fr. thal, zivial., tracins thalamo-striaticns,
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PLATE 12
EXPLANATION OF FIGURES

52  Neurone from the nucleuz olfactorius lateralis, Golgi method. 3 93, From
sagittal seetion.  This eell is found in the dorso-lateral portion of the hemisphere,
its neurite enters the tractus strio-thalamicus.

33 Neurone of the nueleus pyriformis. Golgi method. X 93, From sagittal
section., Most of the neurites from cells of this character and location enter the
tractus olfacto-hypothalamicus Iateralis.

34 Transection through the region of the recessus preopticus,  Ramdn v Cajal
method, 46,

35 Transeciion through the candal part of the anterior commissure, “’u[ggﬁ.rl
method, = 17,

COFp. Précom., pars sepracom., corpug precomimissurale, pars supracomimis-
suralis; w. opl., nervus opticus; nuel. com. lal., nueleus commissuralis lateralis;
ree. preapl., recessus preopticus; e, hyp. ol med. | tractus hypothalamo-olfactoring
medializ; {r. med. preopd., pors ant., tractus mediano-preopticus, pars anterior,
conzisting of fibers originating in the anterior part of nuclens mediaouz and
terminating about the recessus preopticus; (v, meed, preopl., pars posi., tractus
mediano-preopticus, pars posterior, consisting largely of fibers originating in
the commissure bed and ending about the third ventricle in the region of the
nucleus preopticus; (e, ol med., pars lal, e, hipp,, porz post,, tractus olfactorius
medialis, pars lateralis plus commizsura hippocampi, pa s posterior; e, olf. thal.
med,, pars dors Aractus olfacto-thalamicus medialis, pars dorsali=; this component
of the medial forebrain bundle appears in thiz section for the first time in the draw-
iug:s; ir. u.l'j'. thel. med. pars vent., tractus olfacto=thalamicus medialis, pars ven-
tralis; fr. sfrio=thal, crue,, tractus strio-thalamicus eruciatng; e, sfirio=thal. incruc.,
tractus strio=thalamicus ineruciatus; fe. fen,, tractus teniae, the tractus alfacto-
habenularis of IKappers, Goldstein, ete,
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PLATE 13
EXPLANATION OF FIGURES

a6 Transection through the caudal part of the anterior commissure.  Toluidin
blue method,  x 46.

a7 Cells of the nueleus teniae. Toluidin blue method., From transverse
section, = o570,

55-60 Neurones of the nueleuz teniae. Golgi method. = 93, From oblique
gections, about midway between =agittal and transverse.

COrp. precom., pars com., corpus precommissurale, pars commissuralis; eorp.
PrEcom., NIFS  Supracont., corpus precommissurale, pars supracommissuralis,
nucl. com, fal., nueleus commissuralis lateralis; nucl, off, dors., nueleus olfactorius
dorsalis; nucl. pyr., nuclens pyriformis; nuel. len., nucleus tenine; palacosir.,
palaeostriatum; & fim. fel., suleus limitans telencephali.
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PLATE 14
EXPLANATION OF FIGURES

61 Transeetion through the candal part of the anterior commissure. Weigert
method, 17,

2 Sagittal seetion slightly to one side of the median line, showing the tractus
preopticus superior.  Golgi method. > 46, The location of the different parts
of the nucleus preopticus is indicated by broken lines,

63 Neurone of the tractus preopticus superior.  Golgl method. % 93, From
sagittal section. (See fig. 62).

64 Cells of the nneleus preopticus, pars parvocellularis anterior. Toluidin
blue method, = 575,

63 Cells of the nueleuz entopeduncularis. Toluidin blue method. = 575.

COT . Precoit., s cont., cOTpus precommissurale, pars commissuralis; corp. pre-
com,, pars supracont., corpus precommissurale pars supracommizsuralis; fase. ned.
fem. . Fazeiculuz medialis hemisphaerii; v, opl., nervus opticus; nucl, preopl.. pars
pareocell. nueleus preopticus, pars parvocellularis; opl., optic chiasma; pars mag-
wocell., pars magnocellularis of the nueleus preopticus; pors pareecell. posi., pars
parvocellularis posterior of the nucleus preopticus; rec. preopl., recessus preopti-
cus. br. hyp. off. med., tractus hypothalamo-olfactorius medialis; fe.olf. thal, med.,
pars dors., tractus olfacto-thalamicus medialis, pars dorsalis; ir. alf. thal. med.,
pars vend., tractus olfacto-thalamicus medialis, pars ventralis; fr. med. preopl.,
pars ant., tractuz mediano-preopticus, pars anterior; fr. preopl. sup., tractus
preop THIE ﬂlp-['l':iul'; the connections of thiz tract are fully shown in the Eiglll'lr;
it is apparently, Goldstein's tract = (Taf. 11, fig. 7); {r. strio-thal. inerue., tractus
strio-thalamicus incruciatus; {r. fen., tractus teniae.
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PLATE 15
EXPLANATION OF FIGURES

i  Transection through the cerebral hemispheres caudal to the anterior com-
missure.  Toluidin blue method. % 46,

67 Transection through the cerebral hemispheres slightly caudal to the level
shown in fig. 66. Toluidin blue method, = 46, Shows particularly the rostral
portion of the pars magnocellularis of the nucleus preopticus and its relation to the
pars parvocellularis,

I"i.lr'j.l. ;H'f'l"l'H‘H.. _pl'”"h' ;IJ!P'P'J‘HF'PI.. I‘HII'EHJ.F |l]'l“""l'[ll]li.ﬁ.‘::lIl'i_l.ll". ['I-[I.!'ﬁ i]l:h'!rl'lll-!{“:l: l]'li.b'.
the caudal |i|'1_i]q1ng:lli|::|l1 of the prars Hl.i]:r:eru:ui.‘-a:am'u]is_ meets the nueleus |||_1.‘ri-
formis at the posterior pole of the hemisphere, it likewize comes in elose contact
with the extension of the pars commiszuralis eandally and ventrally, the pars par-
vocellulariz of the nueleus preapticus; fase. laf. fem., fazeienlus lateralis hemi-
sphaerii, the lateral forebrain bundle; consisting of the tractus strio-thalami-
cus, tractus thalamo-striatieus, tractuz olfacto-hyvpothalamicus lateralis and
tractus hypothalamo-olfactorius lateraliz; fose. wed. fem., fascicnloz medialis
hemisphaerii, the medial forebrain bundle; nuel. enloped., nucleus entopeduncu-
laris; wucl., preapt. pars magnocell., nueleus preopticus, pars magnocellularis;
nuel. preopt., pars parvecell., nucleus preopticus, pars parvocellularis anterior;
nuel. pyr., nueleus pyriformis; nucl, ten., nueleus teniae; 5. lim. tel., sulcus limitans
teleneephli; s. ypsil., fur. ani., suleus yvpsiliformis, furea anterior.
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PLATE 16
EXPLANATION OF FIGURES

68 Transection, at the level of the chiasma. Weigert method. = 17,

69 Trapsection at approximately the same level as shown in fig. 63. Hamdn y
Cajal method, 3 46,

corf precom., parg intermed., corpus precommizsurale, pars intermediag fose.
tat, hewm, ——_ fascicalus lateralis hl"rl'li:-iilll:lt"l'ii; Jasge. med, hem, +—=—+ fazeiculus
medializ thI'.-aph:u rii: ruel, erfoped., nucleus l"IH-ﬂlhl‘!(lll]’l{'tllttri}i; nuet, preopt.
pars magnoeell,, nucleus preopticus, pars magnocellularis: wwel. preopl., pars
parescell,, nueleus preopticus, pars parvocellularis; wuel. pyr.. nueleus pyriformis;
sae. dorvs,, saccus dorsalis; &0 wpsill, fur. pest., suleus ypsiliformis, furea poste-
rior; fr. hyp. olf. med., tractus hy pothalamo-olfactoriug medialis; ir. olf. hyp. lat.
==, tractus olfacto-hypothalamicus lateralis; tr. olf. thal. med., pars dors..
tractus olfacto-thalamicus medialis, pars dorsalis; fr. olf. thal. med., pars vent.,
tractus olfacto-thalamicus medialis, pars ventraliz; fr. opl., tractus opticus;
fr. praeth, cin., tractus praethalamo-cinereus of Kappers; fr. preapl. entoped.
= tractus preoptico-entopeduncularis; fr. preopl. inlermed., pars anf, &——,
tractus preoptico-intermeding, parz anterior; fe. preopl. infermed., pars lal.,
tractus preoptico-intermediuz, pars lateralis; fr. strio-thal. erue. +——, tractus
strio-thalamicus eruciatus; tr. strio=thal. trerue, +——, tractus strio-thalamicns
ineruciatus; fr. fen., tractus teniae.
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PLATE 17
EXPLANATION OF FIGURES

70 Transection through the posterior pole of the hemigphere and the nocleus
magnocellularis. Toluidin blue method, 3 46,
il A group of cells of the nucleus magnoeellularis.  Toluidin blue method.

XKoo,

72 Transection slightly caudal to the level shown in fig. 69. Ramén y Cajal
method, < 46,

Jase. med. hem. +——, faseiculus medialis hemisphaerii; nuel. endoped., nuelens
entopeduncularis; nuel. infermed., nucleus intermedius; nwel. preopt., pars
magnocell., nueleus preopticns, pars magnocellularis; nuel. preopl., pars parvocell.
lat., nucleus preapticis, pars |mr1|.rt_|l:ullul;n"lza lateraliz; fr. En!'r.l;pl.*rf. hab., tractus
entopedunculo-habenularis; ir. alf, hyp. laf. =, tractus olfacto-hypothala-
micus lateralis; &r. practh, ein., tractus practhalamo-cinereus; fr. preopi.
entoped. +—— iractuz preoptico-entopeduncularis; fr. preopl. inlermed., pars
fal., traetus preoplico-intermedius, pars lateralis: fr. preopl. inlermed., pars med.
«—— tractus preoptico-intermedius, pars medialis; {r. strio-thal. erue. «——>,
tractus strio-thalamicus crueciatug; ir. sirio=thal. incruc. +——, tractus strio-tha-
lamicus ineruciatus; fe. len., tractus teniae,
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PLATE 18
EXPLANATION OF FIGURES

73 Transection at the level of the commissura transversa, Weigert method.,
e AT

74 Transection through the same region as is shown in fig. 73, Ramdn v Caj..
method, 46, Shows particularly the tractus preoptico-habenularis, pars
lateralis. In Pet POV ZOT, :w{'uﬂiing toJohnston (02, alarge pnrﬂnn of the fibers
of his tractus olfacto-habenularis (my fractus |n'|‘-ujmlit-n—h:nl}trnulnrisﬁ take this
course; as is alzo the ease, but to a lesser extent, in amphibians and veptiles (Her-
rick, "10b).

75 Cellz of origin of the fazeiculuz retroflexus, or Mevnert's bundle. Golm
method, <93, One of the cells possesses a long neurite which may be traced into
the fasciculus retroflexus.

cowt. lrans., commissura transversa; fase. laf. hem, +——, [asciculus lateralis
hemisphaerii; fazse. med. hewe. +——>, fascienlus medialis hemisphaerii; fose. med.
n, opt., fasciculus medialis nervi optici; hab., habenula; rucl, preopl., pars
magnecell., nuclens preopticus, pars magnocellularis; pel. post. hem., polus
|m?-tf:riur }uzr|1:i=:i|}h:|,[~r[i,; tr. hyp. off. med. . tractus |1"|.‘|ml_.h:|,|:‘n:ni_l—ﬂifaml.r;}ri_lm
medializs; &, olf. hab., tractus olfacto-habenularis; (e, olf. thal, med., pars dors.,
tractus olfacto-thalamicus medialis, pars dovsalis; fr. olf. thal. med., pars
vntermed, «——, tractus olfacto-thalamicus medialis, pars intermedia; fr. alf.
thal, med., pars venl., tractus olfacto-thalamicus medializ, pars ventralis; ir. opl.,
tractus opticus; . praeth. cin., tractus practhalamo-cinereus; fr. preopl. hab.,
partes anf. ef med., tractus preoptico-habenulariz, partes anterior et medialis;
tr, preapl, hab., pars [af., tractuz preoptico-habenularis, pars lateralis; fr. preapi.
hali,, pars post., tractuz preoptico-habenularis, pars posterior;fr, preopt. infermed.,
pars. lal., tractus preoptico-intermediuz, pars lateralis,
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PLATE 19
EXPLANATION OF FIGURES

76 Transection through the ganglia habenularum. Weigert methad. = 17,

77 Transection at the level of the commissura horizontalis, Weigert method.
> 17.

i, fibers, originating largely in the nucleus posthabenularis and apparently
entering the optic tract (deseribed as an optic connection by Bela Haller); com.
feak,, commissura habenularis, containing alzo decussating fibers of the two tractus
olfacto=habenulares; com. Herrick, commissura Hervieki; com. horiz., commissura
horizontalis of Fritsch; con. frans., commissura transversa: corp. gen. lal., corpus
geniculatum laterale; fase, lal, hem, +——, fasciculus lateralis hemisphaerii; faze.
med, n, opd., fascieulus medialis nervi optiei; fase. refr., faseiculus retroflexus;
fib. teci. n. opt., fibrae tectales nervi optici (centrifugal); hab., habenula; lob. inf.,
lobus inferior: nucl. preapt., pars parvocell, post., nucleus preopticus. pars parvo-
eellularizs posterior; nucl. prevot., nuecleus prevotundus; nucl. vent. fub., nucleus
ventralis tuberis; te. hab. dien . «—— tractus habenulo-diencephalieus; this is the
“tractus habenula ad diencephalon” of Goldstein; ir. hyp. off. med., tractus hypo-
thalamo-olfactoriuz medialis; tr. olf. hab., traciuz olfacto-habenularis; fr. off.
thal, med,, pars dors,, tractus olfacto-thalamicus medialis, pars dorsalis; ir. olf.
thal, med., pars intermed. «——, tractuz olfacto-thalamicus medialis, pars inter-
media; b, olf. thal, med., pars vend., tractus olfacto-thalamicus medialis, pars ven-
tralis: dr. opi., tractus oplicus; fr, praeth, cin,, tractus praegthalamo-cinereus.
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PLATE 20

EXPLANATION OF FIGURES

78 Transection through the ganglia habenularmm. Toluidin blue method.
46,

com. horiz., commissura horizontalis; corp. gen. (al., corpus geniculatum
laterale; fib. ans,, fibrae ansulatae; fab., habenula, showing characteristic arrange-
ment of cells; hyp., hypophysiz; lob. inf., lobus inferior; nucl. ant. thal., nucleus
anterior thalami of Goldstein; nuwel. posthab., nueleus posthabenularis, *Das
posthabenulare Zwischenhirngebiet’ of Goldstein, “Die posthabenulare Zwischen-
hirngegend® of Bela Haller; nucl. preopl.. pers parvocell. post., nuelens preopticus.
parz parvocellularis posterior; nuel. prevel., nueleus prerotundus: nuel. veni. tub.,
nuecleus ventralis tuberis,
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PLATE 21
EXPLANATION OF FIGURES

79 Transection slightly eandal to the level shown in fig. 77. Weigert method.
gl I

80 Transection through the nucleus anterior tuberis.  Weigert method, 3 17,

w, see fig, 76; com. Herriek., commissura Herrieki; com. foriz. commissura hori-
gontalis; com. post., commissura posterior; com. (rans., commissura transversa;
corp. gen, Lol corpus geniculatum laterale; fase. fal, fem <—— faseciculus later-
alis hemisphaerii: fase. med. n. opl., fasciculus medializs nervi optiei; fase. relr.,
fasciculus retroflexus; fib. ans., fibrae ansulatae: fh. fect. n. opl., fibrae tectales
nervi optici; kab., habenula; hyp., hypophysis; lob. inf., lobus inferior; nucl. ant.
thatl., nucleus anterior thalami; wucl, ant, ful,, nuclens anterior tuberis; nuel. lat.
fub., nuelens lateralis tuberis; nucl. prerol., nueleus prerotundus; nuel. vent. fub.,
nuelens ventralis tuberis; fectum, tectum opticum ; lor long., torus longitudinalis;
tr. hab. dien.s——, tractus habenulo-diencephalicus; fe. hyp. olf. med., tractus
hypothalamo-olfactorius medialis; ir. olf. thal. med., pars dors., traetus olfacto-
thalamicus medialis, pars dorsalis; e olf. (hal. med., pars infermed +——, tractus
olfacto-thalamieus medialis, pars intermedia; (e olf. thal. med., pars vent_ | tractus
olfacto-thalamicus medialis, pars ventralis; fe. opl. tractus opticus: e, praeth. cin.,
tractus practhalamo-cinerens; (v, sfrio=thal. inerue &——, tractuz strio-thalami-
enus inerueintus; fe. tub. dors., tractus tubero-dorsalis; valeula, valvula cerebelli.
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PLATE 21
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t+x hyp olf med
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¥ olf thal. med, para veni
Ly opt.
tasc, lat. hem.«—s
com, Herrick.
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PLATE 22

EXPLANATION OF FIGURES

81 Transection through the nuelens anterior tuberis.  Toluidin blue method.
A,

com, froenz,, commissura transversa; corp. gen. lal., corpus geniculatum lat-
erale; finh., habenula; hyp., hypophysis; lob. inf., lobus inferior; nucl, and. thal.,
nuclens anterior thalami; nucl. ant. tub., nucleus anterior tuberis; nucl. posthab.,
nuclens posthabenularis: nuel. prevol., nuclens prevotundus; nwel, vend. tub.,
nuelens ventralis tuberis; te. opl., tractus opticus.
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PLATE 33
EXPLANATION OF FIGURES

52 Transection slightly caudal to the level shown in fig. 80. Weigert method.
il [

81 Transection through the rostral end of the nuclens rotundus. Weigert
method. ¥ 17. Showsparticularly the connections between the fasciculuslater-
alis hemisphaerii and the nuelei prerotundus, rotundus and diffusus lobi lateralis,

i, (see fig. T6); corp. gen. lol. corpus geniculatumlaterale; com. horiz. commissura
hovizontalis; com. posl., commissura pogterior; con. lrans., commissura transversa;
fase. rety., fascienlus retroflexus; fib. ans., ibrae ansulatae; fib. lecl. n. apl., fibrae
tectales mervi opticl; Ayp. hypophysis; lob. inf., lobuz inferior; nuel. ant. thal.,
nuclens anterior thalami; sucl, ant. fub., nuclens anterior tuberis; mecl, fal. (ub.,
nueleus lateralis tuberis; nuel. prevol., nuecleus prerotundus; nuel. rol., nuecleus
rotundus; wuel, rerf. (ub,, nucleus ventralis tuberiz; fr. ebl. fecf. + com. horiz.,
tractus cerecbello-tectalis plus the commissura horizontalis; fr. hab. dien.s——,
tractus habenulo-diencephalicus; fr. hyp. off. med., tractus hypothalamo-olfac-
torius medialis; fr. olf. kyp. fal, 4 tr, strio-thal, erue., tractus olfacto-hypothalami-
cus lateralis plus the tractus strio-thalamicus cruciatus; tr. off. thal. med., pors
dors,, tractus olfacto-thalamicus medialis, pars dorsalis; fr. olf, thal, med., pors
trdermed, —— tractus olfacto-thalamicus medialis, pars intermedia; fr. alf. thal,
med., pars rend.. tractus olfacto-thalamicus medialis, pars vent.r:_;lis; ir. opi.,
tractus opticus; fr. praeth. cin., tractus praethalamo-cinereus; (r. vol, lent., trae-
tus rotundo-lentiformis (Kappers); fr. strio-thal. incrue, «—— tractus strio-
thalamicus inerueiatus; shows partienlarly the fibers inpervating the nueleuns
diffusuz lobi lateralis; fr. thal. mam., tractuz thalamoe-mammillaris (Goldstein);
tr. thal. gp., tractuz thalamo-spinalis (Kappers); ir. tub. dors. tractus tubero-dor-
salis.
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PLATE 24
EXPLANATION OF FIGURES

84 Transection through the rostral end of the nucleus rotundus. Toluidin
blue method. = 6.

853 Cells of the nucleus prerotundus.  Toluidin blue method. 575, From
the right nuelens.  Shows the seattered arrangement of the cells and their differ-
Ence 10 S1Ze,

586 Neurones of the nuelens prevotundus.  Golgi method. x93, From sagit-
tal section.

b, eells adjacent to the reeeszus lateralis hyvpothalami (see fig. 87); com.
trans., commissura transversa; fase, refr., fasciculus retroflexus; nuel. ant. fub.,
nucleus anterior tuberis; nwcl. ddf. lob, o, nuclens diffusus lobi lateralis;
mucl. laf. fub., nueleas lateralis tuberis: nuel. posthab., nucleus posthabenularis;
nuel. prevot., nucleus prerotundus; nuel. rof., nuecleus rotundus ; nuel. vent. tub.,
nueclens ventralis tuberis,
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PLATE 25

EXFLANATION OF FIGURES

87-85% Neurones of the nucleus prerotundus, Golgi method. % 93, From sag-
ittal sections. g

89 Transection immediately eaudal to the level of the commissura posterior.
Toluidin blue method. = 46,

90 Cells of the nucleus rotundus.  Toluidin blue method. % 375, Shows the
typical arrangement of the cells in seattered groups.

com, pozl,, commissura posterior; fase, refr., fasciculus retroflexus; nucl, ant.
fuf,, nueleus anterior tuberis; nued, el dyp., nueleus cerebellaris hypothalami;
nuct, dif lob, laf,, nueleus diffusus lobilateralis ; nuel, prevot,, nucleus prerotundus;
aecl, rof,, nuelens rotundus; ree, fal, hyp., recessus lateralis hypothalami.
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PLATE 26

EXPLANATION OF FIGURES

919 Neurones of the nueleus rotundus.  Golgi method, % 93. From sagit-
tal sections.

95-99 Neurones from different parts of the lobi laterales. Golgi method. X
3. From sagittal 2ections. Fig. 95 iz taken from the caudal angle of the lobe,
fig. 96 from the ventro-medial area, fig. 97 from the latero-medial, figs. 98 and 99
from the ventral area proper.

100 Transection at approximately the same level as that shown in fig. 89,
Weigert method, = 17,

com, horiz,, commissura horizontalis; com, poest,, commissura posterior; com.,
frans., commissura transversa; fasc. reir., fasciculus retroflexus: nucl, ant. fub.,
nueleus anterior tuberis; mucl, dif, fob, {af., nuclens diffusus lobi lateralis; nuel,
preval., nucleus prevotundus: sucl, rof., nueleus rotundus; te. ebll lect. 4+ comi.
horiz., tractus eerchello-tectalis plus commissura horizontalis; fr. hab. dien.
«——, tractuz habenulo-diencephalicus; e, hyp. olf. med., tractus hypothalamao-
olfactorius medializ; ér. olf. thal. med., pars dors., tractuz olfacto-thalamicus
medializ, pars dorsalis; tr. olf. thal. med., pars venl., tractus olfacto-thalamiens
medialis, pars ventralis; {r. roi. leni.. tractus rotundo-lentiformis; fr. sirio=thal.
crue. 4 (r. off. kyp. lal., tractus strio-thalamicus cruciatus plus tractus olfacto-
hypothalamicus lateralis; fr. thal. mam., tractus thalamo-mammillaris: fr. thel
spr., tractus thalamo-spinalis.

3006




OLFACTORY CENTERS 1IN TELEGSETS
RALPH EDWARD SHELDON

PLATE 24

100

L]

b vot: lent.

tr_chbl. tect. + com, horiz.
com. post.

fasc. retr

bt thal. mam.

/. thal sp.

com. trans,
ity hab, dien.«

ity hyp. olf.med

nucl. preyot.

1y styio-thal cruc. +ty olf.

hywp. 1akt.
i olf. thal. med., pars dors.
ty. oll_thal. med. patrs’ went.

_ nucl pot.

coam. hoviz,
nucﬂ.ﬂﬁt_ tub.
Puel. dif. lob. Jat,



PLATE 27
EXPLANATION OF FIGURES

101 Transection slightly caudal to the level shown in fig. 100, Weigert
method. > 17,

102 Transection through the decussation of the tractus hypothalamo-olfactorii
mediales. Ramdn v Cajal method. x 46.

cane, horiz., comimigsura horizontalis; eom. poszl., commissura posterior; com.
trans., commissura transversa; dec. {r, hyp. olf. med., decussatio tractorum olfac-
toriorum medialinm; fase. refr. faseieulus retroflexus: lob. laf. hyp., lobus lateralis
hypothalami; leh. med. hyp., lobus medialis hypothalami; nuel. dif. lob. laf.,
nuclens diffu=znsz labin ]:lt(‘!!’:’tliﬁ-] nuek, prerol., nueleis rin‘:rntundu:‘i: nect. rol.
miclens rotundus; wucl. subrol., nucleus subrotundus: rec. lal. fiyp., recessus
lateralis hypothalami; fr. bl fect, + fr. rof. lent. 4+ com. horiz., tractus cerebello-
tectalis plus tractus rotundo-lentiformis plus commissura horizontalis; tr. hab.
dien.«——>, tractus habenulo-diencephalicus; ir. kyp. off. med., tracius hypo-
thalamo-olfactorius medialis; &, olf. thal., med., pars dors., tractus olfacto-tha-
lamicus medialis, pars dorsalis; fr. elf. thal. wmed., pars vent., tractus olfacto-
thalamicus medialis, pars ventralis; tr. ref. lob., tractus rotundo-lobaris; fr. strio-
thal. crue. + fr. olf. kyp. lat,, tractus strio-thalamicus eruciatus plus tractus
olfacto-hypothalamicus lateralis; tr. thel. mam_, tractus thalamo-mammillaris; fr.
thal. sp., tractus thalamo-spinalis {(Kappers).

R T




OLFACTORY CENTERS IN TELEQOSTS PLATE 27
RALPH EDWARD SHELDON

com. poat
tr.cbl. lect +ir. rot. lent. +
com. hoviz,
fasc, yelsy.
it thal, ap.
tr. thal mam,
com. trans
nucl. prevot.
t+ hyp olf med
tyv. strio-thal cruc .+
tr. olf. hyp. lat.
: : t+. hab. dien. ¢«
| = . ! nucl. yot,

SERGEL tr. olf. thal. med, payrs dors.
| B b olf, thal. med., pars vent.
| \d com. horiz,

1 tr ret. 1ob.

: : “rec. lat.hvyp

N i lob. iat. hyp.
: . lob.med. hyp.
o mEl. dif. lob. lat

yety

; : nucl. prerot.
@M-% L e W SRR __nucl. rot.
ucl. subrot.

#>dec. tr hyp. olf. med.

S0



PLATE 28
EXPLANATION OF FIGURES

103 Transection through the nueleus posterior tuberis.  Toluidin blue method.
> A6,

104 Oblique longitudinal section showing the origin of the tractus hypothal-
amo=-olfactorius medialis, {'|n|gi method, = 9,

105 Newrone of originof the tractus h:.'pnl:|1:|I.m|m-u|l'm~rf:n1'im-c|m=-1|i;|.|j.:i. Crolgi
method.  » 03, Taken from same seciion as fig. 104

chitasera, u|:|li|:' chinsma; COFp. precom., cOrpus |ia'1'1'm1‘|1|1:i.ﬂsur;a]v; Crs m’_.l',, Cris
olfactorivm; n. opl., nervus opticus; auel. ebl. hyp., nuelens cerebellariz hypo-
thalami; muel. Jif, lob, laf., nueleus diffusus lobi lateralis ; nuel. post. thal., nucleus
posterior thalami; nuecl. post. tub., nueleus posterior tuberis ; nucl. prevol., nucleus
prevotundus; nuecl. rol., nueleuz rotundus; ree. lal. hyp., recezsus lateraliz hypo-
thalami; sac. pase., saccus vasculosuz; fefo, membranous roof of forebrain; fr.
ebl. hyp., tractus cerebello-hyvpothalamicus; te, figp. off. med., tractus hypothal-
amo=olfactorius medialis; tr. opil., tractus opticus; ir. strio-thal., tractus strio-
thalamicus; ir. thal. str,, tractus thalamo-striaticus; safvula, valvula cerebelli.
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PLATE 20
EXPLANATION OF FIGURES

106 Transection through the Haubenwulsi. Toluidin blue method, 3¢ 46,

107 Transection through the nueleus subrotundus. Toluidin blue method.
4T Detanl eells, = 375, Shows the characteristic gl'uupillgnf the cellsin the
center of the nucleus (see fig. 106). From right side.

108 Cells of the nuelens cerebellaris hypothalami. Toluidin blue method.
# 375. Shows tvpical scattered arrangement of the cells (see figs. 103 and 106).

nuct, chl. hyp., nucleus cerebellaris hypothalami; nuel. dif. lobh. laf., nucleus
diffusus lobi lateralis; nwcl. fose. fong. med., nucleus fascicull longitudinali=
medialis; nwel. pesf, thal,, nuclens posterior thalami; wuel. prerof., nucleus
prerotundus; nucl. rol., nucleus rotundus; nuel. subrol. nucleus =zubrotundus;
rec. fal. hyp., recessus lateralis hypothalami.
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PLATE 30
EXPLANATION OF FIGURES

108 Cells of the nuclens posterior thalami. Tolumdin blue method, = 575,

110-113 Neurones of the nucleus posterior thalami. Golgi method. x93,
From sagittal sections. As will be noted, the cells of this nucleus are very large.
They appear larger in sagittal than in transverse sections, both in toluidin blue
and Golgi material,

114 Transection at approximately the same level as that shown in fig. 106.
Weigert method, % 17.

cam, horiz,, commissura horizontalis; com. posl., commissura posterior; com.
frans., commissura transversa; fase. rele., fazeicnlus retroflexus: nucl. dif. lob. lal_,
nucleus diffusus lobi lateralis; nuel. post. tub., nucleus posterior tuberis; nucl.
prevel., nucleus prevotundus; nuel. rol., nueleus rotundus; nwuel. subrol., nueleus
subrotundus; see. vasc., =accus vasculosus; fr. ebl. toci. 4 ir. rol. lent. + com.
horiz., tractus cerebello-tectalis plus tractus rotundo-lentiformis plus commissura
horizontalis; tr. ebl. hyp., tractus cerebello-hypothalamicus; tr. olf. thal. med.,
pars dors., tractus olfacto-thalamicus medialis, pars dorsalis; tr. olf. thal. med.,
pars vent., tractus olfacto-thalamicus medialis, pars ventralis; fr. rof. lob., tractus
rotundo-lobaris ; fr. thal, mam., tractus thalamo-mammillaris; {r. thal. sp., tractus
thalamo=-spinalis (Kappers).
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PLATE 31
EXPLANATION OF FIGURES

115 Transectionslightly candal to the level shown in fig. 114, Weigert method.
» A7,

116 Tranzection zlightly caudal to the level shown infig. 115. Welgert method.
» 17,

com. horiz. 4 fr. rol. lenil., commissura horizontaliz plus tractus rotundo-
lentiformis: com. frans., commissura transversa; corp. mam. (7)), corpus mammil-
lare. the ganglion mammillare of Goldstein; fase. refr., fasciculus retroflexus;
nucl. dif. lob. laf., nuclens diffusus lobi lateralis; nucl, post. thal., nucleus posterior
thalami; ruel. posi. fuh,, nuecleus posterior tuberis; nuel. prerol., nucleus prero-
tundus; nuel. rof., nucleus rotundus; nuel. subrot., nuclens subrotundus; sac, vasc.,
sacens vasculosus; fr. obl, fecl., tractus cerebello-tectalis; ir. cbl. lecl. + Ir. rol.
lent, 4+ com, horiz., tractus cerebello-tectalis plus tractus rotundo-lentiformis |111.IS
commissura horizontalis; fr. ebl. hyp., tractus cerebello-hypothalamicus; ir. olf.
thal, med,, pars, dors., tractus olfacto-thalamicus medialis, pars {1:‘:!'5;:1]53;]'[5 COn=
nection with the nuclens subrotundus comes out with great elearness in thesze
fgures; fr. olf. thal. med., pars. venl, tractus olfacto-thalamieuz medialis, pars
ventralis: in fig. 116, immediately lateral to the nueleus rotunduz, 15 shown the
termination of this tract; fr. rof. leb,, tractuz rotundo-lobaris; fr. thal. mam.,
tractus thalamo-mammillaviz; fr. dhal. sp., tractus thalamo-gpinalis (Kappers.)
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PLATE 32
EXPLANATION OF FIGURES

117 Transection through the corpus mammillare, the ganglion mammillare of
Goldstein.  Toluidin blue method. 3 46,

118 Cellz of the corpus mammillare. Toluidin blue method. < 575,

119-121 Neurones of the corpus mammillare. Golgi method. X 93. From
sagittal sections. It will be noted from figs. 117 to 121 that the cells of the corpus
mammillare are very small and closely packed.

corp. mam. (), corpus mammillare, the ganglion mammillare of Goldstein;
nucl. ehl. hyp., nuclens cerebellaris hyvpothalami; smucl, dif. [ob. laf., nnecleus
diffusus lobi lateralis; rucl. fasc, long., nucleus fasciculus longitudinalis medialis;
nucl. post. thal., nuecleus posterior thalami; nucl, prevot,, nueleus prerotundus;
nucl. rel., nuclens rotundus; nuel. rub, (), nucleus ruber of Goldstein; nuel.
guhrof,, nuecleuz subrotundus: &, mawe., sulens mammillaris of Goldstein; fr. ebi.
lect,, tractus cerebello-tectalis.
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PLATE 33
EXPLANATION OF FIGURES

122 Transection through the corpuz mammillare. Weigert method. = 17.

123 Diagram showing the two parts of the right olfactory nerve, and the rela-
tions of their fibers to the cellz of the bulb and to the fibers of the olfactory tract.

124 Diagram of a horizontal projection of the right olfactory bulb showing the
connections, in the bulb, of the different tracts of the erura.

corp. man. ((7), corpus mammillare (of Goldstein); fose. refr., fascienlus
retroflexus; il olf., ilaolfactoria; g.n. ferm.. ganglion cell of the nervus terminalis ;
gran. cell, pranule cell of the nucleus olfactoriug anterior; mifr. cell, mitral cell;
wuel, ebl. kyp., nucleus cerebellaris hypothalami; sucl. dif. lob. laf., nucleus dif-
fusus lobi lateralis; a. olf. ant., nucleus olfactorius anterior; n. olf. lai., nervus ol-
factorius lateralis, consisting largely of fibers from the lamellae of the caudal and
lateral portion of the olfactory capsule; n. off. med., nervus olfactorius medialis,
formed largely from fibers originating chiefly in the rostral and medial portion of
the capsule;n. term., nervusterminalis; Wucl. prevot., nueleus prerotundus ; nuel. rot.,
nueleus rotundus ; reuel. subretl,, nuelens subrotundus: 2. smam., sulens mammillaris;
tr. el teel., tracius cerebello-tectalis; fr. off, asc., tractus olfactorius ascendens,
composed of centrifugal fibers from the corpus precommissurale, pars medianus;
tr. olf. osc., pars lal., tractus olfactorius ascendens pars lateralis; Ir. olj.
ase., pars med. tractus olfactoring ascendens, pars medialis: tr. olf. lof., trac-
tug olfactorius lateralis, composed of the following three traets, all centri-
petal, and practically all terminating, in the earp, in the nuecleus olfactorius
dorsalis and nucleus pyriformis of the same side; fr. olf. lal., pars. intermed., trac-
tus olfactoring lateralis, pars intermedia; te. off. lal. pars lal., tractus olfactorius
lateralis, pars lateralis; ir. olf. fal., pars med., tractus olfactorius lateralis, pars
medialis; fr. off, wed., tractus olfactorius medialis, the mesal part of the medial
olfactory radix of authors, divided into the following; fr. olf. med., pars lai.,
tractus olfactorius medialis, pars lateralis, terminating, after decussation in the
anterior commizsure, in the nucleus pyriformis of the opposite side; tr. olf. med.,
pars med., tractus olfactoring medialis, pars medialis, forming the commissura
interbulbaris of most authors which, as indicated in figs. 136 and 138, is largely
a decussation and not a commissure; tr. thal. sp., tractus thalamo-spinalis
(IKappers).
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PLATE 34
EXPLANATION OF FIGURES

125 Ihapram of @ E}I'Hjl'i'[ii:lti of the nlf:u'tﬂr}' centers on a parasagittal plane,
near the meson, showing the levels ot which figs, 127 and 128 are taken and the
relation of the different centers to the four primitive columns. % 11.

I, pars dorzo-medialis hemisphaerii and epithalamus; 2, pars dorso-lateralis
hemizphaerii and parz dorzaliz thalami; 3, pars ventro-lateralis hemizphaerii ancd
pars ventralis thalami; §. pars ventro-medializ hemisphaerii and hypothalamus;
ir. olf. fal., tractus olfactoriuzg lateralis; fe. off. med., troctus olfactorins medialis,
(For other abbreviations see explanation of fig. 141.)
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PLATE 35
EXPLANATION OF FIGUHRES

126 Diagram of a transection through the hemispheres of an embryonic teleast,
showing the relations of the four primitive columns,

127 Diagram of a transection through the ]'H:tnjﬁplwru's of an adult teleost,
showing the changes which have taken plaee through rearrangement of these
columns. For approximate level see fig. 1235,

128 Diagram of a transection through the diencephalon of an embryonie tele-
ost, showing the relations of the same columns.  Practically the same conditions
hold in the adult. (For level see fig. 125.)

120-134 Diagrams of transections through the cerebral hemispheres of Ameiu-
rug, at the level of the anterior commissure, showing the shifting which takes place
with the gradual eversion of the tenia.  Figs. 120 to 133 are camera lueida drawings
obiained lhrm]gll the kindness of Dr. James M. Wilson, of l“I:lﬁ]i]'.[IHI::JH.. ) B 3
Fig. 129, 5 mm. stage; fig. 130, 6 mm. stage; fig. 131, 9 mm. stage; fig. 132, 10 mm.
stape; fig. 133, 12-13 mm. =tage; fig. 134, adult.

135 Transection through the cerebral hemispheres of Amia ealva in the region
of the anterior commissure, to illustrate the eversion of the hemisphere wall,
after Mrs., Susanna Phelps Gage ("03).

!, pars dorso-medialis hemisphaerii and epithalamus; 2, pars dorso-lateralis
hemizsphaerii and pars dorsalis thalami; 3, pars ventro-lateralis hemisphaerii
and pars ventralis thalami; §, pars ventro-medialis hemisphaerii and hypo-
thalamus; epithal., tr]JEIIL:ul:Luum; Ir!”m.mrif., |1I'|.'Ill:]|-]l:ll:l,tlll.lzi: pars dors. thal., pars

dorsalis thalami; pars ven!. thal., pars wventralis thalami; s, lim. fel., suleus
lirmitans ll.‘l{_!‘!'ll‘l_'.pll:lllli sule, dien. dors. suleus Lii!"'l"l{'ﬂp]l.;l”l"llzi dorsalis; sule, dien.
meed., suleus diencephalicus medialis; sule. dien. pend., suleus diencephalicus
ventralis.
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PLATE 36
EXPLANATION OF FIGURES

136 Diagram of a horizontal projection of the olfactory centers showing in
blue the connections of the corpus precommi=surale, together with the fiber com-
ponents of the fasciculus medialis hemisphaerii and associated tracts, > 12

balh. off., bulbus olfactorius; ¢, mow., corpus mammillare, ganglion mammil-
lare of Goldstein: corp. precom,, corpus precommissurale, consisting of the pars
medianus, pars commissuralis, and pars supracommissuralis; crus off., erus
olfactorium; end., nucleus entopeduncularis; G, precow. str., fibrae precommis-
surales striatici, running from the precommissural body to the palacostriatum;
fiali., panglion habenulae; kyp., hyvpophyvzis; w., pars magnocellulariz of the nu-
cleus preopticus; . ant. tub., nucleus antertor tuberis; w. ekl hyp., nuelens cere-
hellariz hypothalami of Goldstein; noel., nucleus commiszuralis lateralis ; n.
dif. lob. Tat., nueleus diffusus lobi lateralis; o, {el., nueleus intermedius; n. lal. fub.,
nueleus lateralis tuberis; n, off. laf., nucleus olfactorius lateralis; n. posthab.,
nueleus posthabenularis; n, post. thal,, nueleus posterior thalami of Goldstein;
. post. tub., nueleus posterior tubheris; o, preopl., nuelens preopticus: n. prerof.,
muonnesl e Ei|'t_~.1'u|!|1m|u5: . Pyr., nueleus |i:a.'|'ih|n|':||:|i.-;'_ i, ol nueleus rotundus: w1,
guhr,, nueleus subrotundus; e, fen,, nucleus teniae; n, ferw., nervus terminalis;
P, pars ||:|:|'1.'{11'|'.| lularis apnterior of the nueleus preop 1eus: parlenstr.,, ||:||:u!n$l_riu—
tum, the striatum of most authors; pars. com., pars commizsuraliz of the corpus
precommissurale; pars. med. | pars medianuz or the nuelens medianus of the corpus
precommissurale; pop., pars parvocellularis posterior of the nuclens preopticus; p.
sup. conr., pars supracommizsuralis of the corpus precommissurale ) sae. vase. | =ae-
eus vaseulozus; lela, the so-called pallium; iv. hiyp. off. med. | tractus hypothalamo-
olfactorius medialis; te. weed. preopl., pars ant., tractus mediano-preopticus, pars
antervior; fr, med, preopt., pars post,, tractus mediane-preopticus, pars posterior;
tr. alf, ase., tractus olfactorius ascendens s iv, alf, ase., pars lal., tractusolfactorius
ascendens. pars lateralis; I, off. ase., pars med., tractus olfactorius ascendens,
pars medialis; i, olf., med., pars laf.. tractus olfactoring medialis, pars lateralis;
tr. olf . med., pars, med., tractus olfactorius medialis, pars medialis  tr. elf. thal. med.
pars dors., tracius olfacto-thalamicus medialis, pars dorsalis; (e, olf, thel. med.,
pors alermed. | tractus olfacto-thalamicus medialis, pars intermedia (short des-
l'-l'l]lili.tlf_, aszociation ﬁlurl'ﬁ,‘l Jobr. m’_.l’. thal . weed. frarrs vent . tractus olfacto-thalamicus
medinliz, pars ventralis; ir. apl., tractuz opticus: ir. preopl. fub,, tractus preoptico-
tuberig; e, thal. olf. med., pars inlermed., tractus thalamo-olfactorius medialis,
pars intermedia (short ascending association fibers).
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PLATE 37
EXPLANATION OF FIGURES

137 Diagram of a horizontal projection of the olfactory centers showing the
connections of the nucleus pyriformis, nucleus teniae, nucleus olfactorius later-
aliz, and nueleus intermedius,  On the right side are shown the tracts terminat-
ing in these nuclei, on the left side the tracts oviginating in them. x 12.

eam. hab, (red), com. habenularum; br. entoped. intermed. (red), tractus ento-
pu(1un::.ulu—inl:urlm'di|Iz—:; tr. .Ff_u'p. u.l'r.l'. Lot []'}Lu:*}, tractus ]'|_1.'|||ut halamo-olfactorius
lateralis; fr. inlermed. enloped. (red), tractus intermedio-entopeduncularis; ir.
iretermed, hah, s and. (red), tractus intermedio-habenularns, pars anterior: ir.
intermed. hab. parz post. (red), tractus intermedio-habenularis, pars posterior;
br. indermed. posthab. (blue), tractus intermedio-posthabenularis; (r. infermed.
preppl. pars and. {red ), tractus inltr!'m{rtlil||—|n'{'t'n'pii:'llH, pars anterior; fr. infer-
med. preopl., pars med. (red), tractus intermedio-preopticus, parz medialis; e
off. hyp. lai. (blue), tractus olfacto-hypothalamicus lateralis; fr. olf. lal. (blue],
tractus olfactorius lateraliz; ir. olf. laf., pars infermed. (blue), tractus olfactorius
Iateraliz, pars intermedia; fr. off, lai., pars med. (blue), tractuz olfactoriuz later-
alis, pars medialis; tr. olf. med., pors laf. (bhlue), tractus olfactorius medialis, pars
lateralis; ir. posthalb, indermed. (blue), tractus posthabenulo-intermedius; fr.
practh. ein, (blue), tractus practhalamo-cinerens; tr. preopl. intermed., pars anl.
(red), tractus preoptico-intermedius, pars anterior; (r. preopl. infermed., pars
fat. (red), tractus preoptico-intermediuz, pars lateraliz; (r. preopt. intermed.,
pars med, (red), tractus preoptico-intermedius, pars medialis; fr. fen. (red), trac-
tus teniae, the tractus olfacto-habenularis of Iappers, Goldstein, ete, {For
other abbreviations see explanation of fig, 136.)
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PLATIE 38
EXPLANATION OF FIGURES

135 Diangram of a horizontal projection of the :rlf.'u'hn':.' cenlers, ::]'mwiug the
fibers entering into the composition of the anterior commissure, together with
their connections. 12,

o, cOFp. precom. (Ereen), commissura corporinm precommizsuraliom ;o com,
dors. (green), commizsura dorsaliz; com. hipp., pars anf. (green), commizsura
hippocampi, pars anterior; connecting the two nuclei olfactorii dorsales or
primordia hippocampi; com. hipp., pars post. (green), commissura hippocampi,
parz posterior, the commissura internucleariz of Goldstein; com. dnterbulb., (dee.
tr. olf. med., pars wmed.) (blue), commissura interbulbaris (decussation of the
tractus olfactorii mediales, partes mediales) ; com, nuel, preopl. (green), commiz-
sura nucleorum preopticorum; dee, n. lerem, (blue), decussatio nervorum termina-
lium; dee. v, off. med., pors {af. (blue), decussation of the tractus olfactorii
mediales, partes laterales: gang. n. term. (blue), ganglion eell of the nervus
terminalis; n. lerm. (blue), nervas terminalis; e, fyp. olf. med. (red), tractus
h:,.'[:—ul halamo-olf aetorivs medialis: e uf_f. el [11“1[‘}, tractus olfactorins medialis:
tr. olf. med., pars lal. (blue), tractus olfactorins medialis, pars lateralizs; fr. olf.
med. parg meed. (blue), tractus olfactorius medialis, pars medialis; t¢. strio-thal.
erwe. (red), tractus strio-thalamiens erueiatus (shown only on one side); fr.
thal. st cruc. (red), tractus thalamo=striaticuz cruciatus, (shown only onone zide ).
{For other abbreviations see explanation of fig. 136.)

B30



OLFACTORY CENTERS IN TELEORTS FLATE 38

KALFH EIFWARD SHELDON

gang. n. term.

el 1 I=em
, tr. olf. med, pars med,

H lr. olf. med,, pats lak.
8]
e | __——~—-"—_"'t?' olf. med.
.j / el
/
|'II.-".I AT t
s g | ‘ €om . corp. pracom.
' : ' dec. n. term.

f’/ com. hipp., pars ant.
~__com. interbulb, [dec. tr: olf med.,
pare med)
com. dots.
Vi ——-‘h\‘ah‘ hyp. olf. med.
; com. hipp, pars post.
“"-n.dec t# olf. med, pars lat.
b T1r striothal. cruc,
I thal. str: cruc.
om. nucl. preopt.

{_ 138

44l



PLATE 39
EXPLANATION OF FIGURES

139 Diagram of a horizontal projection of the olfactory centers showing
in blue the pathways of the fibers entering into the eomposition of the fas-
eieulus lateralis hemisphacrii.  The aseending fibers are shown on the right, the
descending on the left, 12,

fib. precom. str., fibrae precommizsurales striatici; fr. olf. hyp. lal., tractus
olfacto-hypothalamicus lateraliz; fre. sirefo-thal. eruc.. tractus strio-thalamicus
crieintus; br. slrio=thal. incrue., tractus strio-thalamicus incruciatus; fr. thal. str.
erue., tractuz thalamo-striaticus cruciatus; ir, thal. str. dnerue., tractus-thalamo-
striaticus incruciatus.  (For other abbreviations see explanation of fig. 136.)
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PLATE 40
EXFLANATION OF FIGURES

140 Diagram of a horizental projection of the olfactory centers showing the
connectionz of the postecommissural olfactory nuelel, with the exception of the
habenular fibers shown on fig. 142, Fiberzs which terminate in these centers are
shown on the right, while those which originate from them appear on the lefi.
12

comt. mucl, preopl. (red), commissura nucleorum preopticorum; fr. enfoped.
preapt. (red), tractus entopedunculo-preopticus; tr. inlermed. preapl., pars ani.
{red), troctus i,:l'lfL'fl!!l'[ii"—llrl‘:ﬂl)t 115, pars anterior: v, tnlermed. preopl., pars e,
(red), tracins intermedio-prespticus, pars medialis; te. lal. preopt. (red), tractus
lateralis preopticus; tr. med. preopl., pars and. (blue), tractus mediano-preopticus,
pars anterior; tr. med. preopl., pars post. (blue), tractus mediano-preopticus, pars
posterior; ir. olf. med., pars lal. (blue), tractus olfactorius medializ, pars lateralis
Izee fig. 136); tr. pesthab. preopl. (red), tractus posthabenulo-preopticus; fr.
practh. ein. (blue), tractus praethalamo-cinereus: fr. preopt. entoped. (red),
tractus preoptico-entopedunculariz; fr. preopt. inlermed., pars and, {red), tractus
preoptico-intermediugz, pars anterior; fr. preopd. indermed., pars faf. (red), tractus
preoptico-intermedins, pars lateralis; fr, preopd, tntermed., pars med, (red), tractus
preoptico-intermedius, pars medialis; fr. preopt. laf. (red), tractus preoptico-
lateralis: fr, preopt. j.lfm”mh. pars ani, {r[*ri} tractus preopt [rr_:—p:].-:t habenularis,
pars anterior; br. preopl. posthal., pars pest. (red), tractus preoptico-posthab-
enularis, pars posterior; fr. preopt. tub. (blue), tractus preoptico-tuberis.  (For
other abbreviations see explanation of fiz. 136.)
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PLATE 41
EXPLANATION OF FIGURES

141 Diagram of a projection of the olfactory centers on a para-sagittal plane
near the meson, showing the components of the tractus olfacto-habenularis, and
their connections, in black (cf, Goldsiein, Taf, 11, fig. 7). x 12,

chins., optic chinsma; com. corp. precom. 4+ com. hipp. pars arl.. commissura
l"llrl'l[}ri““] ll]'l'l‘"]I]I]Ii&‘ﬂll’.‘llil]l]l ]']II:]:‘i r'f]]’l'lllli.'-'\-ﬁllr:l hillj!lll":”llpi. I}[lr.‘i- .U_[Ill"]'.i.l_l]‘: [l
hal., commiszura habenularum; eom. Heericl, commissura Herricki; com. foriz.,
commissura horizontalis; com. tnterbull. (dec tr. olf. wmed., pers med. ) commissura
interbulbaris (decussation of the tractus olfactorii mediales, partes mediales) ; com.
nuel. preapd., commissura nueleorum preopticorum; com. frans., commissura frans-
versa; corp. mam., corpus mammillare; corp. pin., corpus pineale: corp. precom.,
corpus precommissurale; ceus off., crus olfactorium; deec. n. fermi.. decussatio
nervorum terminalium; dee. fe. hyp. olf. med. 4 dee. e, olf. med., pars lal, 4+ com.
dars, - com. kipp., pars post., decussation of the tractus hypothalamo-olfactorii
mediales, plus decussation of the tractus olfactorii mediales, partes laterales, plus
commissura dorsalis, plus commissura hippocampi, pars posterior; fasc. relr., fas-
ciculus retroflexus; fib, ans., Abraeansulatae; hab., ganglion habenulae: n. ond. tub.,
muieleus anterior tuberis; o, opf., nervus opticus; w, post. e, nueleus posterior
tuberis; nuel. dif. lob, lal., nueleus diffusus lobi lateralis; nucl. posthab., nueleus
posthabenulariz; nuel, preopt., nueleus preopiicus; rnuwel. rol., nueleus rotundus;
pars gland., pars glandularis of the hyvpophysis; pars med., pars medialis of the
corpus precommissurale; pars nery., pars nervosa of the hypophysis; pars p.e.
pasl., pars parvocellulariz pozterior of the nuelens preopticus; pom., pars magno-
cellulariz of the nueleuz preopticusz; p. p. ¢. ant., pars parvocellulariz anterior of
the nueleus preopticus; p. supracom., pars supracommissuralis of the corpus pre-
commissurale ; fecfum, tectum mesencephali; fele, so-called pallivm; ir. dien. hab.,
tractus diencephalo-habenularis; tv. enfoped. kab.,, tractus entopedunculo-haben-
ularis; fr. hab. dicn., tractus habhenulo-diencephalicus; tr. intermed. hab., parsani.,
tractus intermedio-habenularis, [rirs anterior: {r, inlermed, hab, parg pozi., trac-
tus intermedio-habenularis, pars posterior; fr. olf. hab., tractus olfacto-habenu-
I:I.l':i!-}; fr. posthal, hab., tractus F][JH']I.'!I!ll'l!]Il]ll—l]:LlZH"ILlll.:ll'iE: Ir. preapl. bl TS
anf,, tractus preoptico-habenularis, pars anterior; te. preopl. hab., pars lal.
tractus preoptico-habenularis, pars lateraliz; ir. preopt hab., pars med., tractus
preoptico-habenulariz, pars medialis; te. preopt. hab., pars post., tractus preoptico-
habenularis, pars posterior; fr. strio-thal. erue., decussation of the tractus strio-
inbl; fr. femdae, tractus temiae; valewla, valvula cerebelli. (See

I-i!.‘li:ll]lil'i erucel
nlzo fig. 125.)
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PLATE 42

EXPLANATION OF FIGURES

142 Iliugr:uu 0 1 horizontal projeciion of the Eltf:it'ltJr}‘ centers showing, in
red, the components of the tractuz olfacto-habenularis and their connections.
e o8 [+

com. hab., commissura habenularum, or commissura zuperior; fase. refr.,
fazciculus retroflexus, Meynert’s bundle, tractus habenulo-peduneularis; fr.
dien. hab_, tractus diencephalo-habenularis (a poertion of the tractus habenulo-
diencephalicus of Goldstein); ir. enfoped. hab., tractus entopedunculo-habenularis;
tr. hab. dien., tractus habenulo-diencephalicus; fr. intermed. hab., pars, ant.,
tractus intermedio-habenularis, pars anterior; tr. intermed. hab., pars post.,
tractus intermedio-habenularis, pars posterior; ir. off. hab., tractus olfacto-
habenularis (under this name are included all the fiber systems which aseend
into the habenula of either sidel: (r. posthab. hab., tractus posthabenulo-
habenularis; fr. preopt, hab., pars ant., tractus preoptico-habenularis, pars
anterior; ir, preopt, hab., pars lat., tractus preoptico-habenularis, pars lateralis;
ir. preapt, hali., pars med., tractus ]1|:'|;-u|ﬂicu-h;ulmnnluriz;, par medialis; ir, preopl.
fiab,, pars posi., tractus preoptico-habenularis, pars posterior; fr. len., tractus
teniae (the tractus olfacto-habenularis of Kappers, Goldstein, ete.).  (For other
abbreviations see explanation of fig. 136.)
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