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INTRODUCTION

The cerebral cortex and the thalamus are, in their develop-
ment, very closely interrelated within the vertebrate series.
Similarly the development and differentiation of the thalamic
nuclei are dependent to a great degree upon their connections
with the lower centers. So intimate are these relationships
that any attempt at an understanding of the factors concerned
in the evolution of the forebrain must be based on a proper
conception of the structure and the functions of thalamie,
tectal and bulbar centers.

Several vears ago a paper on the forebrain of Alligator
mississippiensis was published by one of the authors of this
communication (Crosby, ’17). At that time it was realized
that for a thorough understanding of the significance of the
various fiber paths it was necessary to have a more complete
knowledge of those lower centers with which the telencephalon
is interrelated. Consequently plans were made for a rela-
tively detailed study of the thalamus and midbrain in the
alligator. The work has met with many interruptions and
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the results attained have not been wholly satisfactory. How-
ever, quite a number of rather suggestive fiber paths have
been traced out; paths whose courses and connections, it is
felt, give further insight into the underlying factors operat-
ing in forebrain and thalamic development. Some of these
fiber tracts have not been previously described for reptiles,
so far as the authors have been able to ascertain; many more
of them have been only partially deseribed and are here given
a much more detailed accounting. For the sake of complete-
ness and clearness in the discussion brief summaries have
been given of certain tracts which have already been figured
and described for various reptiles. Accounts of nuclear ar-
rangement are presented to the extent necessary to enable
a clear understanding of the origin, termination and signifi-
cance of the fiber paths. The aim of the present paper, then,
is to show somewhat in detail for Reptilia, the interrelation
of forebrain and thalamus and of thalamus and midbrain,
with a view of obtaining a better understanding of their func-
tional significance and the factors underlying their evolution.
This investigation was begun by Miss Crosby at the Uni-
versity of Chicago during the summer of 1919. It was under-
taken at the suggestion of Professor C. Judson Herrick, to
whom she desires to express her deep obligation for helpful
suggestions and kindly eriticisms throughout the entire prog-
ress of the work. She also wishes to take this opportunity
of thanking Professor Robert R. Bensley, Director of the
Anatomical Laboratories at the University of Chicago, for
his kindness in granting her the privileges of the Iaboratories
for several summers. The major portion of the work has been
done at the Anatomical Laboratory of the University of
Michigan where Dr. Huber has become associated with the
work and in this contribution assumes joint responsibility for
the descriptions and interpretations of the tracts and nuclei.
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MATERIALS AND METHODS

For the most part, Alligator mississippiensis was employed
in the present study. The animals used were young and
small, varying in length from 9 inches to 1 foot. A number
of series of adult turtle, chiefly Chrysemys marginata, were
also available and these proved extremely useful both as a
basis for the comparison of the two reptilian types and for
supplementing and checking the findings obtained from the
alligator material.

Much of the work on fiber paths was done on material
prepared, with some slight modifications, after the silver
methods of Cajal. Alligator brains so prepared were cut
serially in several planes. A transverse series, from which
part of the drawings were made, was very kindly loaned by
Dr. Paul S. MeKibben. Several series of sections of alli-
gator brains, stained after Weigert’s method, the property of
Professor Herrick, were at our disposal and were serviceable
in checking certain medullated fiber paths. A transversely
cut series of the alligator brain stained in carmine, originally
the property of Professor C. L. Herrick but now belonging
to his brother, was available.

There were especially prepared for this study of forebrain,
thalamus and tectum, series of sections of six alligator brains
stained in toluidin blue; three of which are transversely cut,
two cut in sagittal plane and one in frontal plane. Certain
of the toluidin blue series were counterstained in erythrosin.
There were prepared series of sections of two alligator brains,
stained for myelin, after embedding in paraffin and fixing the
paraffin sections to the slides. Omne of these series is cut
transversely, the other in the sagittal plane. There are avail-
able five series of sections of alligator brains stained after
modified Cajal silver methods, including two sagittal, one
transverse and one frontal series. There are at hand three
series of sections of alligator brains incompletely stained
after the Cox chrome-mercury method and two incomplete
series, one transversely cut, the other cut in sagittal plane;
both are well stained after the Golgi method.
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Of turtle material (Chrysemys marginata) the following
series of brain sections are at hand:—two series stained in
toluidin blue, one cut transversely and the other cut in sagit-
tal plane and two series stained after a modified Ranson
pyridine-silver method, cut in sagittal plane and exceptionally
well differentiated. ‘

The silver preparations permitted a study of the non-
medullated as well as certain medullated fibers. The series
stained for medullated fibers were useful in checking certain
medullated fiber paths. The toluidin blue material was used
more particularly for nuclear study and orientation, though
certain of the fiber paths stand out by contrast in staining.

The outlines for the drawings and the position of the nuclei
and of the larger tracts were obtained by use of the Edinger
projection apparatus. The finer details were added and the
drawings completed by use of the higher powers of the micro-
scope. The cell drawings from the Golgi material were made
by the use of a camera lucida.

LITERATURE

The reptilian brain has received quite extensive considera-
tion from various observers and it is beyond the scope of the
present paper to attempt anything like a complete review of
this literature. Under the account of each fiber tract and
nucleus, references have been given both to text and figures
in the literature, which seemed pertinent to the description
or interpretation of the material at hand. There are certain
works, however, dealing with various phases of the subject
which deserve more special attention and are here given brief
mention.

In 1877 Rabl-Riickhard figured the gross structure of the
brain of adult Alligator mississippiensis. About thirteen
vears later similar figures of the gross relations in the brain
of the young alligator, together with some brief notes on the
microscopic structure were published by C. L. Herrick (’90).
A few years later Mrs. Susanna Phelps Gage (’95) gave a
most excellent deseription with figures of the turtle brain,
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comparing it with that of the Knglish sparrow. Various
figures and desecriptions of the gross relations are to be found
scattered throughout the literature. Photographs of the
brain of Alligator sclerops as well as those of other reptiles
may be found in de Lange’s paper (’11) and two drawings
of the brain of Alligator mississippiensis made by Mr. Stree-
dain are shown in the paper by Crosby (’17). Dissections
and models of the turtle brain, particularly of its more an-
terior portion, are to be found in Johnston’s contribu-
tions (’15).

Many observers have contributed to the knowledge of the
more minute structure of the reptilian brain. Edinger, be-
tween 1888 and 1899, published a series of studies on the
reptilian forebrain, thalamus and midbrain which did much
to lay the foundation for an understanding of their miero-
scopic structure. In Spain, Ramén y Cajal (’11), his brother
Pedro (796, ’97 and earlier dates), and associated students
have contributed a considerable body of work on reptilian
brains, particularly, though not exclusively, in the field of
cell structure and cell arrangement. Kappers and de Lange
have added much to our present knowledge of the reptilian
central nervous system, while to Kappers and observers as-
sociated with him at the Amsterdam Institute belong the ma-
jor credit for our present knowledge of the positions and
relations of the nuclei of the eranial nerves in Reptilia. A
condensed account of their more important contributions
together with the references to the original papers is to be
found in Kappers’ ¢‘Vergleichende Anatomie des Nervensys-
tems’’ (’20-°21). This book has proved very useful and abun-
dant reference is made to it throughout the text of the present
paper. The invaluable contributions of Elliot Smith (’10
quoted in particular) to our knowledge of the central nervous
system are so generally known as to require no special men-
tion. They are concerned in reptiles mainly with forebrain
structure and evolution and counsequently do not apply so
directly to the subject matter considered here. Among Ameri-
can workers, Adolf Meyer’s (’92) most careful deseription
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of the forebrain in reptiles is important. Johnston (’15, ’16,
’23) has done a great amount of work on the reptilian nervous
system, particularly that of turtles; most of his attention
having thus far been given to the telencephalon. Ome of
Johnston’s latest papers (’23), which is a ‘‘Further study of
the evolution of the forebrain,”” summarizes much of his
work in this region and puts the reptilian structures into re-
lation with those found in other forms. In the same volume
of The Journal of Comparative Neurology is a very inter-
esting paper by Dr. Marion Hines (’23) which is concerned
primarily with the development of the telencephalon in the
hitherto little known brain of Sphenodon punctatum. Albert
Reese (’08, 10, ’15) has made a special study of the Ameri-
can alligator. His articles are concerned both with its adult
anatomy and its embryological development, including the
development of the nervous system. His book (’15) also con-
tains data regarding the feeding habits and manner of life of
this reptile.

The contributions here briefly listed may serve to demon-
strate the wide interest manifested in the structure of the
reptilian brain and the various laboratories which have con-
tributed. The papers here listed contain references to many
others, special mention of which would unduly and unneces-
sarily extend these pages. A considerable number of the
above mentioned papers we have not had occasion to quote
directly in the text of the present contribution and yet the
material in them has undoubtedly colored, to an appreciable
degree, the interpretation of our material.

NUCLEAR MASSES

In this communication the account given of the nueclei is
presented primarily as a background for the description and
interpretation of the fiber tracts. Consequently while certain
cellular groups are quite completely described, others are only
briefly discussed or simply given a label in the figures. The
nuclei most fully described are of necessity, considering the
character of the paper, those of the diencephalic areas, par-
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ticularly those of the thalamus proper. The tectal centers,
out of consideration for space, are only briefly discussed.
The majority of the subthalamic and tegmental areas have
not been considered under the account of the nuclear material,
although certain ones of them have been labelled in the figures.
Furthermore these centers have been briefly described in
connection with their associated fiber tracts wherever these
tracts have been included in the paper. Reference is here
made to the papers of de Lange (’12) and the recent work
of Beceari (’23) pertaining to these regions.

Even an attempt at partial plotting of the diencephalic nu-
clear masses in reptiles presents many difficulties and invites
misinterpretations, since many of the nuclear masses are not
sharply circumsecribed but grade one into the other without
distinet demarcation. Thus the nuclear boundaries must be
determined, in part at least, on the basis of fiber connections,
as well as on differential cell characteristics. However, our
most serious obstacle in the presentation of our material has
proved to be that of a consistent nomenclature. A study of
the figures and descriptions in the literature and a comparison
of these with our alligator material convinces us that there is
unquestionably a considerable variation of pattern (particu-
larly in the dorsal thalamus) within the reptilian group. Un-
doubtedly this means the exaggeration of certain nuclear
masses in one form and their partial suppression in another.
With this variation in size there are associated more or less
distinet differences in position, so that position alone ecan not
be depended upon as a guide in determining homologies. Fur-
thermore, for certain of these nuclear masses, particularly in
the posterior part of the thalamus, complete fiber connections
have not been determined either by others or by ourselves.
Finally, when the same form is taken into consideration, in
the current nomenclature, not only has a single nuclear group
been called by a variety of names but totally different groups
have been designated by the same name. In certain instances,
consequently, to avoid misunderstandings and the mistakes of
doubtful homologies, we have adopted a new nomenclature.
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In attempting to compare the dorsal thalamus of the alligator
with that of birds or mammals even greater difficulties pre-
sented themselves. Kappers (’21) has discussed the evidence
for certain probable homologies. Our findings are explained
in part by his conclusions, in part they do not appear to
accord with them.

The names of Kolliker (’93), Edinger and Wallenberg
(’99), Malone (’10) and many others are associated with the
study of the thalamic areas in birds and mammals. Ingvar
(’23) has written a most suggestive paper on the homologies
existing between these latter forms. The difficulties encoun-
tered by us in establishing comparisons are not due, then,
to a lack of most excellent previous work on the thalamus
but are due, in large part, to confusion arising out of differ-
ences in terminology and in methods of study and in part to
the fact that anything approaching a complete statement of
the fiber connections is as yet unavailable. The research
plans of this laboratory involve a detailed study of the dien-
cephalon of birds and of certain mammals and when such a
program has been carried to completion we hope to be able
to contribute somewhat to the establishment of certain homol-
ogies with greater certainty than is now possible. The ho-
mologies found in the descriptions and discussion must, for
the present, be regarded in some measure as tentative.

Habenula

The habenula in reptiles consists of two main nuelear
masses: a medial or internal nucleus and a lateral or exter-
nal nucleus. De Lange (’13) described these briefly and fig-
ured them in Draco volans. The form relations in Alligator
mississippiensis appear somewhat different in details than
those described by de Lange. They show an interesting
resemblance to those figured for the albino rat by Gurdjian
(’25). A relatively complete aceount of these nuclei, as found
in the alligator, follows.

Anteriorly, the medial nucleus consists of two main por-
tions (fig. 1, a and b) :—1) a pars dorsolateralis and, 2) a pars
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ventromedialis, the two being separated from each other by
a lateral habenular nucleus. Then a group of cells appears
between the two divisions of the medial nucleus and gradually
unites them. The whole medial nucleus at this level sur-
rounds the lateral nucleus on all but the ventrolateral side,
forming a kind of cap over it (fig. 1, ¢ and d). As one ap-
proaches the habenular commissure, the ventromedial portion
swings further ventralward and becomes separated from the
remainder of the medial habenular nucleus by the fibers of the
habenular commissure (fig. 1, ¢ and d). This ventromedial
portion persists until near the end of the above mentioned
commissure (fig. 1,d). It is possible that the ventromedial
portion of the medial habenular nucleus is comparable to the
interstitial nucleus found associated with the habenular com-
missure in forms where that tract is smaller.

In general the cells of the medial nucleus are of medium
size and stain deeply, particularly those of the dorsolateral
and dorsomedial portions. They all appear to receive fibers
of stria medullaris. A separate slip, which, from its position
in the stria, i1s in all probability the medial cortico-habenular
tract, enters pars dorsolateralis of the same side.

The lateral habenular nucleus (fig. 1, a—e) consists of
smaller cells with an admixture of certain larger, triangular
shaped cells, all of which are scattered among the incoming
fibers of stria medullaris. It does not present as much nuclear
differentiation as.does the medial habenular nucleus. Nucleus
habenularis lateralis lies at first lateral to the medial habenu-
lar nucleus and then is capped by it. The lateral nucleus ex-
tends caudad to the region of the habenular commissure
(fig. 1, e).

Tt will be seen from the foregoing account that the habenula
(particularly its medial or internal nuecleus) is highly de-
veloped in the alligator. The lateral nucleus is less clearly
differentiated. It may or may not be the homologue of the
external nucleus of Mammalia. So far as the medial nucleus
is concerned, the arrangement of cell masses is in many re-
spects comparable to that found in the albino rat by Gurd-
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Fig. 1 A geries of transverse sections through the habenular nueclei at various
levels to show the relations of the nuelear groups. The dorsolateral and ventro-
medial portions of the medial habenular nucleus are seen separated from each
other cephalad by the lateral nucleus (a and b) but later become continuous,
forming a cap over that nucleus (¢ and d). The separation of a part (h) of
the vemtromedial portion from the main mass by the habenular commissure is
seen in ¢ and d. The posterior portion of the habenula is evident in e. Toluidin
blue preparations. X 45. com.hab., commissura habenularum; h, that part of
the ventromedial portion of the medial habenular nueleus which is separated from
the main mass by the habenular commissure; n.lat.hab., nucleus lateralis habenu-
lae; n.med.hab., nucleus medialis habenulae; n.med.hab.pars dors.lat., nucleus me-
dialis habenulae pars dorsolateralis; n.med.hab.pars vent.med., nucleus medialis
habenulae pars ventromedialis; st.med., striau medullaris.
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jian (’25). There is found in the alligator a larger habenular
commissure than in the rat and with the larger commissure the
exaggeration of its interstitial nucleus, represented by the
posterior part of the ventromedial division of nucleus me-
dialis. The nuclear differentiation in the habenula is founded
quite probably on a difference in distribution of the incoming
fibers but we have not as yet all the details with reference
to this (see account of stria medullaris, p. 145).

Formerly Crosby (’17) identified three cell groups in the
habenula of the alligator, which groups she termed the dor-
sal, ventral and medial nuclei of that center. These are
simply other and quite as suitable names for the major por-
tions of the medial habenular nucleus of the present account;
thus, pars dorsolateralis corresponds to the dorsal, pars ven-
tromedialis to the medial and pars ventromedialis b to the
ventral group. The present nomenclature was adopted to
facilitate comparison with mammalian forms.

The habenula with its fiber tract, the stria medullaris, makes
up the major portion of the epithalamus in the alligator.
Reese (’10) has shown that there is no pineal body or epiphy-
sis in the American alligator. He claims that the structure
so termed by some observers is really a paraphysis. He
bases his conclusions on embryological data. We have at
present no material for determining the question.

Preoptic region

The anterior extension of the third ventricle known as re-
cessus preopticus has been described for reptiles by various
observers, for example by KEdinger (’99, as recessus opticus)
and by Rothig (’11), and is present in Alligator mississippi-
ensis. Caudad to the tuberculum olfactorium and cephalad
to the typical hypothalamic centers, the major portion of the
region on either side of the recessus preopticus is termed the
preoptic area (fig. 2). Its main nuclear mass consists of
deeply stained cells which form the nucleus periventricularis
preopticus of our terminology. Internal to these are certain
more scattered, smaller and less deeply stained cells. An-



THALAMUS AND MIDBRAIN OF THE ALLIGATOR 109

teriorly around the ventricle and continued posteriorly along
its ventral side for some distance are the densely packed and
deeply staining cells (fig. 2, gr.a) which Rothig has labeled
‘a’ in his figures of Emys. He regards these as continuous
with his pars magnocellularis of the nucleus preopticus, the
homologue probably of our pars periventricularis of that
nucleus. There is no sharp boundary between the hypothal-
amic and preoptic centers in our material other than that
furnished by the characteristic linear arrangement of cells in
the nucleus periventricularis hypothalami (compare figures
2 and 3).

Area ventralis anterior

The region dorsomedial to nucleus periventricularis preop-
ticus and posterior to the hippocampal commissure is oc-
cupied by a scattered mass of cells which lies in part among
the fibers of pars preoptica of the stria terminalis and is
apparently in synaptic relation with it (figs. 2 and 3). The
bed nucleus of the hippocampal commissure becomes more or
less fused with this area. This bed nucleus in this region is
really a continuation of the main nuclear mass posteriorward
along the fibers of tractus cortico-habenularis medialis. In
the cell preparations it can be differentiated clearly from it
by the smaller type of the commissural cells. As the nucleus
dorsomedialis anterior thalami appears the area ventralis
anterior lies ventral to it and below the sulcus medius of the
diencephalon. Nucleus ovalis is dorsolateral to the area.
Farther caudad the area ventralis anterior gradually merges
into a more definite, deeper staining band of cells which lies
dorsal to the nucleus of the olfactory projection tract and
which disappears in front of the tractus thalamo-striatalis
anterior. This band of cells, desighated from its shape, the
area triangularis (fig. 4) lies in intimate relation with the
lateral geniculate body. The functional significance of area
triangularis it is impossible to determine from the prepara-
tions at present available, since they are not favorable for
an understanding of its fiber connections.
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Interstitial nucleus of the olfactory projection tract

A ventromedial nuclens (fig. 3) at the ventromedial angle
of the hemisphere has been described previously for alligator
(Crosby, ’17). It may be an especially differentiated portion
of the nucleus of the lateral olfactory tract. Among other
fiber connections it gives rise to the olfactory projection tract
(figs. 19-25) a bundle of fibers which forms a connection be-
tween the posteromedial wall of the hemisphere and preoptie,
hypothalamic and probably tegmental centers. This olfactory
projection tract is accompanied by a well defined interstitial
nucleus (figs. 3-5) which can be seen as a band of cells fusing
with the ventromedial nucleus laterally. This band of cells
then accompanies the fibers of the projection tract medial-
ward and somewhat caudad, lying above the forebrain bundles
and below the area triangularis.

Fig. 2 Section through the posterior part of nucleus preopticus. The plane is
transverse but the ventral portion is somewhat further caudad than the dorsal
portion. Toluidin blue preparation. X 15. a.went.ant., area ventralis anterior;
gr.a., group a, of Rothig; bed n.vip.com., bed nneleus of hippoeampal eommissure;
ch.op., chiasma opticum; F.B., forebrain bundle; n.perivent.preop., nucleus peri-
ventricularis preopticus; n.perivent.hyp., nucleus periventrieularis hypothalami;
rec.preop., recessus preopticus; str., striatum.

Fig. 3 Transverse section through the extreme anterior end of nuecleus dorso-
medialis anterior. Nuecleus ventromedialis of the hemisphere is given and its
relation to olfactory projection tract and its interstitial nueleus is clearly indi-
cated. Toluidin blue preparation. X 15. a.vent.ant., area ventralis anterior;
bed n.hip.com., bed nucleus of hippoeampal commissure; F.B., forebrain bundle;
n.ant.hyp., nucleus anterior hypothalami; n.dors.med.ant., nuecleus dorsomedialis
anterior; mn.perivent.hyp., nucleus periventricularis hypothalami; n.vent.med.,
nucleus ventromedialis of the hemisphere; olf.proj.tr. 4 inters.n., olfactory projee-
tion tract and interstitial nueleus; r, indication of linear cell arrangement mark-
ing the beginning of the nucleus periventricularis hypothalami; str., striatum;
tr.cort.hab.lat.post., tractus cortico-habenularis lateralis posterior; ¢r.op., tractus
optieus; V.III1, ventriculus tertius.

Fig. 4 Transverse section through the anterior end of nucleus dorsolateralis
anterior. Toluidin blue preparation. X 15. a.triang., area triangularis; F.B,,
forebrain bundle; n.ent.hyp., nuclens anterior hypothalami; n.dors.lat.ant., nu-
cleus dorsolateralis anterior; n.dors.med.ant., nucleus dorsomedialis anterior;
n.0v., nuecleus ovalis; n.perivent.hyp., nucleus periventricularis hypothalami; olf.,
proj.tr. 4 intersm., olfactory projection tract and interstitial nueleus; s.med.,
suleus medius; st.med., stria medullaris; tr.cort.hab.lat.post., tractus cortico-
habenularis lateralis posterior; tr.op., tractus opticus.
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In a former communication one of us (Crosby, ’17) ex-
pressed the opinion that the olfactory projection tract ter-
minated in the hypothalamie regions. It appears to us now
that it gives collaterals and probably stem fibers to both
preoptic and hypothalamic area, but better sagittal sections
than were previously available have convinced us that a large
part of the bundle reaches mesencephalic regions, though its
final termination it has not been possible to ascertain. John-
ston (’15) has figured a similar condition in turtle.

Nucleus dorsomedialis anterior

Near the beginning of the diencephalon (fig. 3) the nucleus
dorsomedialis anterior thalami consists of scattered cells
which soon become arranged into a definite nuclear mass
which occupies the more dorsomedial portion of the area, me-
dial and ventromedial to the stria medullaris. Farther cau-
dad this cell mass increases in size and occupies the major
portion of the dorsal thalamic field and in this region presents
a distinetly rounded form when viewed in cross section (fig.
4). The oval nucleus lies lateral to nucleus dorsomedialis
anterior but is soon separated from it by the nucleus dorso-
lateralis anterior which intervenes between the two nuclear
masses. Behind that level the anterior dorsomedial nucleus
becomes gradually narrower and more elongated (fig. 5) and
is there found to occupy, for a considerable distance, the whole
of the dorsomedial field below the stria medullaris and incom-
ing habenula and medial to nucleus dorsolateralis anterior.
In our preparations, in a plane near the beginning of the
habenula (fig. 6), the nucleus dorsomedialis anterior appears
very indistinctly separated from the nucleus medialis an-
terior thalami although behind that point it is relatively dis-
tinct again. After this separation, in cross sectional view,
the nucleus dorsomedialis anterior assumes a somewhat tri-
angular form and then decreases rapidly in size and, as one
approaches the region of the habenular commissure, gradu-
ally disappears (fig. 7). Tn this posterior region it is not
clearly separable from the nuclear masses of the subhabenu-
lar area.
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A cell mass designated as nucleus anterior has been de-
scribed for reptiles by a number of observers (Edinger, ’99;
de Lange, ’11; Kappers, '21; Beccari, '23, and others). Judg-
ing from these several descriptions the nucleus may not be
the same in different reptilian forms. However, the deserip-
tion and limits given to nucleus dorsomedialis anterior in
this communication include only a part of the so-called nucleus
anterior described by these observers for Crocodilia and
closely related forms where presumably the condition would
be much the same as in Alligator mississippiensis. Nucleus
dorsomedialis anterior is, however, the same nuclear mass as
that designated by Crosby (’17) as nucleus anterior. The
modified name is adopted here to avoid confusion with other
reptilian forms. Nucleus dorsomedialis anterior and, in part
at least, nucleus dorsolateralis anterior of our nomenclature
are regarded by Kappers in Crocodilus porosus (’21, p. 865,
fig. 464) as a single nuclear mass and termed by him nucleus
anterior. A more detailed discussion of this question is to
be found under our description of nucleus dorsolateralis an-
terior (p. 122).

The cells of the nucleus dorsomedialis anterior are of me-
dium size with an intermingling of some larger cells (fig. 8§,
b) and in the toluidin blue preparations appear oval in
outline. The nuclear mass is connected with the posterior
end of the striatum complex, that region which in turtle and
Mammalia, according to Johnston (’23), affords in part a bed
nucleus for the fibers of stria terminalis. However, this con-
nection between the striatum and the anterior dorsomedial
nucleus is by means of relatively few, short, scattered fibers;
at least our material shows no well defined tract. Kappers
and de Lange describe a definite strio-thalamic connection
between the striatal regions of the forebrain and their an-
terior thalamic nucleus through the lateral forebrain bundle,
and on the basis of this connection consider the anterior nu-
cleus a part of the neothalamus. It is evident that a few
fibers from both the anterior and the intermediate thalamo-
striatal tracts do reach the nucleus dorsomedialis anterior
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but they are certainly few in number and relatively inevident
in our material. It is nucleus dorsolateralis anterior of our
nomenclature (the lateral part of nucleus anterior accord-
ing to the terminology of Kappers and de Lange), which re-
ceives lateral forebrain fibers. Should there prove to be in
the alligator a distinct strio-thalamic or thalamo-striatal bun-
dle associated with the nuclear mass which we have designated
as nucleus dorsomedialis anterior, our material does not
show it. Nucleus dorsomedialis anterior has also connections
with the nucleus dorsolateralis anterior and probably with
the tectum by way of the diencephalic periventricular system
(p. 173). Scattered fibers from the preoptic area reach nu-
cleus dorsomedialis anterior but in our material we have not
been able to demonstrate a mamillo-thalamic tract. Kappers

Fig. 5 A typieal section through the anterior portion of the diencephalon at
the level of greatest development of nueleus dorso-lateralis anterior. The section
shows the differentiation between nucleus dorsomedialis anterior and nucleus
dorsolateralis anterior. Toluidin blue preparation. X 15. a.triang., area tri-
angularis; corp.gen.lat., corpus geniculatum laterale; F.B., forebrain bundle;
hab., habenula; n.dec.supraop.dors., nucleus decussationis supraoptici dorsalis;
n.dors.lat.ant., nucleus dorsolateralis anterior; n.dors.med.ant., nucleus dorso-
medialis anterior; n.lat.hyp., nucleus lateralis hypothalami; n.perivent.hyp., nu-
cleus periventricularis hypothalami; n.tr.tect.thal.cruc., nucleus tracti tecto-thal-
amicl erueciati; olf.proj.tr. + inters.n., olfactory projection traet and interstitial
nucleus; st.med., stria medullaris; tr.op., tractus opticus.

Fig. 6 Section in the transverse plane through the diencephalon just anterior
to nueleus rotundus. The section is slightly further caudad on the left side. The
deerease in size medialward of the nucleus dorsolateralis anterior, as the plane
of the nucleus rotundus is reached (which is just making its appearance on the
left side), is shown in the figure; also, the differentiation of lateral part of
the nucleus dorsolateralis anterior (b) is indicated. Toluidin blue preparation.
X 15. a.vent.lat., area ventrolateralis; a.vent.med., area ventromedialis; b, dif-
ferentiated lateral portion of nucleus dorsolateralis anterior; com.hyp., com-
missura hypothalami; corp.gen.lat., corpus geniculatum laterale; F.B., forebrain
bundle; hab., habenula; n.dec.supraop.dors., nuecleus decussationis supraoptici
dorsalis; n.dors.lat.ant., nucleus dorsolateralis anterior; n.dors.med.ant., nucleus
dorsomedialis anterior; n.lat.hyp., nucleus lateralis hypothalami; n.med.ant.thal.,
nucleus medialis anterior thalaumi; n.microcell., nucleus microcellularis; n.perivent.
Lyp., nucleus periventricularis hypothalami; mn.reuns.pars cent., nucleus reuniens
pars- centralis; n.reuns.pars dif., nucleus reuniens pars diffusa; m.rot., nuecleus
rotundus; n.tr.tect.thal.cruc., nucleus traeti tecto-thalamiei cruciati; stf.med., stria
medullaris; fr.op., tractus opticus; tr.fhalsirinterm., tractus thalamo-striatalis
intermedius; ¥.fif, ventrieulus tertius.
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has questioned the presence of this last mentioned tract in
reptiles, being apparently of the opinion that in these forms
the anterior thalamic nucleus is connected more particularly

n.subhab,

o I
M ;

— .. n.med.hab pars.dors.dat.

nlat hab.

n.microcell.

a.ventmed._ . . _ .
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Fig. 7 A section through the middle of nucleus rotundus showing the majority
of the larger nuclei of the dorsal thalamus and giving their relative positions
with regard to one another. More than any other figure of the present paper
this figure demonstrates the nuclear pattern of the dorsal thalamus of the
alligator. Toluidin blue preparation. X 15. a.vent.lat.,, area ventrolateralis;
a.vent.med., area ventromedialis; corp.gen.lat., corpus genienlatum laterale; dif.
ep., differentiated ependyma; F.B., forebrain bundle; n.diag., nuclens diagonalis;
n.dors.lat.ant., nucleus dorsolateralis anterior; n.dors.med.ant., nucleus dorsome-
dialis anterior; m.entoped., nucleus entopeduncularis; n.Jat.hab., nucleus lateralis
habenulae; n.lat.hyp., nucleus lateralis hypothalami; n.med.ant.thal., nucleus me-
dialis anterior thalami; n.med.hab.pars dors.lat., nucleus medialis habenulae pars
dorsolateralis; n.med.hab.pars vent.med., nucleus medialis habenulae pars ventro-
medialis; n.med.post.thal., nucleus medialis posterior thalami; n.microcell., nucleus
microecellularis; n.perivent.hyp., nucleus periventricularis hypothalami; n.post.dors.,
nucleus posterodorsalis; n.reuns.pars cent., nucleus reuniens pars centralis; n.reuns.
pars dif., nucleus reuniens pars diffusa; n.rof., nucleus rotundus; n.subhabd.,
nuecleus subhabenularis; n.vent.hyp., nucleus ventralis hypothalami; st.med., stria
medullaris; ir.op., tractus opticus; tr.op.pars marg., tractus opticus pars margi-
nalis; tr.thal.str.med., tractus thalamo-striatalis medialis; V.III, ventriculus ter-
tius.
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with somatic centers than with olfactory or other visceral
centers, although he states that there is an interconnection
with the hypothalamus. However, de Lange (’13) has fig-
ured, in Draco volans, a tract which he designates as the
tractus mamillo-thalamicus and which, so far as one may
judge from a figure, appears to present the required relations
for that tract; Edinger (’99) and Beccari (’23) have shown
a similar fiber bundle in Varanus. Since de Lange and Bec-
cari include both the nucleus dorsomedialis anterior and the
nucleus dorsolateralis anterior of our terminology under the
name of nucleus anterior one can not state positively with
which of the two former nuclear groups the mamillo-thalamiec
tract is connected, if present. From their illustrations it
appears to be related with nucleus dorsomedialis anterior.
So far as we know, the direction of conduction has not been
checked for reptilian forms. Nucleus dorsomedialis anterior
is related further by short, scattered fibers with the neigh-
boring thalamic nuclei, particularly with nucleus dorsolat-
eralis anterior and nucleus medialis.

Subhabenular region

In Draco volans and some other reptiles a small nucleus has
been described, lying between the habenula and the nucleus
dorsomedialis anterior. From the size of its cells this nucleus
was termed by de Lange (’13) nucleus magnocellularis. Kap-
pers (’21) has designated the area as regio subhabenularis.
In the alligator this region under the habenula is occupied by
more than one cell group; the anterior portion has a small,
deeply staining nuclear mass whose cells, in our material,
are of medium size, but which probably corresponds with
the nucleus magnocellularis described for other reptiles by
de Lange. We have termed it the nucleus subhabenularis
(fig. 7). It may represent only a differentiated portion of the
nucleus dorsomedialis anterior thalami, with which it lies in
intimate relation.

The posterior part of the region between the above de-
scribed nucleus and the beginning of the posterior commis-
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Fig. 8 Neurons drawn from material prepared according to the Golgi impreg-
nation method. The purpose of the illustration is to contrast the various neuron
types found in four main nueclear masses of the dorsal thalamus. X 120.

a. This figure indicates the cell character of nucleus dorsolateralis anterior.
All the neurones here shown were impregnated in one section of the nueleus and
were drawn under the camera lucida in their relative positions. The axone (az.)
indicated appears to become a part of the tractus thalamo-striatalis anterior.
The wide spread of the dendrites should be noted, some of these processes ex-
tending even into the region occupied by the cell bodies of nucleus dorsomedialis
anterior and there coming into synaptic relation with fibers of the diencephalic
periventricular system.

b. The neurons of nueleus dorsomedialis anterior are shown here. A compari-
son with (a) will show that there is a striking difference in shape and size of
the cells of nucleus dorsolateralis anterior and nucleus dorsomedialis anterior.
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sure is occupied by a mass of scattered cells which goes over
without break into the more definitely organized periven-
tricular gray of the mesencephalon. From its shape we have
termed it nucleus angularis subhabenularis (fig. 9). Nothing
at present is known of its functional significance.

Oval nucleus

Near the anterior end of the diencephalon is a distinet,
deeply staining but relatively small group of cells, the some-
what round or oval shape of which has suggested the name
we have applied to it. The oval nucleus (figs. 4 and 19) lies
between the tractus cortico-habenularis lateralis posterior
and the stria terminalis. Fibers from the preoptic regions
to the stria medullaris (tractus olfacto-habenularis medialis)
pass partly dorsal to it and in part appear to enter it and
intermingle with its cells. We do not have direct evidence
that actually synapses with its cells occur, although our ma-
terial certainly suggests it. Similarly, collaterals from
tractus cortico-habenularis lateralis posterior turn in toward
the cells of the oval nucleus.

Corpus geniculatum laterale

Just caudad to the oval nucleus and in somewhat the same
relative position is a mass of cells which constitutes the main
optic center in the reptilian thalamus. This is the lateral
geniculate body which has been identified by various students
of the reptilian brain, including Bellonei (’88), C. L. Herrick
(793), Edinger (’99 and ’08), de Lange (’13), Kappers (’21),

Note the relation of the dendritic processes to the fibers of the diencephalic
periventricular system (di.perivent.sy.).

¢. The cells of pars centralis of nucleus reuniens are shown in the drawing.
This nucleus was not richly impregnated in our preparations and it may well
have cell types additional to those illustrated here. The axone (az.) becomes a
part of the tractus thalamo-striatalis internus.

d. A comparison of this figure with that of (b) shows that in many ways the
cells of nucleus rotundus resemble those of nucleus dorsolateralis anterior. Our
preparations show a relatively shorter spread of dendrites, however, in the cells
of nucleus rotundus.
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Beccari (’23) and others. Anteriorly it begins just behind
the level of the oval nucleus (fig. 5) lying ventrolateral to
nucleus dorsolateralis anterior and dorsolateral to the olfac-
tory projection tract and the lateral forebrain bundle and
medial to the marginal optic tract. From this anterior region
it extends back to a cross sectional level through about the
middle of the habenula, occupying, throughout its course, ap-
proximately the same position. Its extent is indicated in part
in figure 16.

The optic tract fibers enter the lateral geniculate body
from both its medial and lateral borders (figs. 19-22), a
smaller bundle breaking off from the main tract to enter the
nuclear mass on the ventral and medial sides. From the
more dorsal portion of the nucleus extends the ventrolateral
tecto-thalamic tract (figs. 21-22). This tract, which extends
to the tectum and probably conducts in both directions, in
so far as it is related to the lateral geniculate body, may be
regarded as functionally homologous with the mammalian
brachium of the corpus quadrigeminum anterius or the pedun-
cle of the- superior colliculus, but the tract carries with it
fibers related to other thalamic centers as well (see account
of tract on p. 180).

The lateral geniculate body consists of a dense, deeply
staining, perpendicular band of cells (figs. 5-7, 16) sur-
rounded on either side by more scattered cell masses of which
the outer portion is the stratum moleculare of Beccari (’23).
The cells of the nucleus are of medium size; those of the
central band staining very deeply in toluidin blue prepara-
tions. This is the band of cells concerning which Beceari
speaks as counsisting of ‘cellule a dippio pennacchio.” The
extension of the dendritic processes of this layer in the two
directions had previously been noted by Edinger (’08) and
Cajal (’11) and is apparent in our Cox preparation for Alli-
gator mississippiensis.

The preceding description indicates that the lateral genicu-
late body is very large in reptiles and that it extends through-
out the major portion of the thalamus. This relatively large
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size of the nucleus is undoubtedly to be associated with the
great number of incoming optic fibers and the high degree of
differentiation of the optic tectum in these forms. Two more
or less separate cell groups are associated with the main
nuclear mass of corpus geniculatum laterale.

{y
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tr.teck.reuns

Lo adathyp.

hypop

Fig. 9 Transverse section showing the positions of nucleus medialis posterior
and nucleus posterocentralis. On the right side may be seen two portions of the
nucleus diagonalis separated by the fibers of tractus tecto-reuniens. The two
portions of this nucleus are continuous with each other at a plane slightly in
front of the level of the present figure. Toluidin blue preparation. X 15.
a.ventlat., area ventrolateralis; a.vent.med., area ventromedialis; com.hab., com-
missura habenularum; F.B., forebrain bundle; gen.pretect., geniculato preteetale
of Beceari; hab., habenula; hypop., hypophysis; n.ang.subhab., nucleus angularis
subhabenularis; n.diag., nucleus diagonalis; n.lat.hyp., nucleus lateralis hypothal-
ami; n.med.post.thal., nucleus medialis posterior thalami; n.microcell., nucleus
microcellularis; n.perivent.hyp., nucleus periventricularis hypothalami; n.post.c.,
nucleus posterocentralis; n.post.dors., nucleus posterodorsalis; tect.f., tectal fibers,
including fibers of the supraoptic system; tr.op., tractus opticus; ir.tect.reuns.,
tractus tecto-reuniens; V.III, ventriculus tertius.
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The first of these, the area triangularis, lies in the region
just anterior to the separation of the anterior thalamo-
striatal path from the remainder of the forebrain bundle, and
bounds the lateral geniculate on its medial border. This area
(figs. 4 and 5) appears as a more differentiated mass of cells
intimately associated with area ventralis anterior on the one
hand and quite as indefinable from corpus geniculatum lat-
erale on the other. Both fiber and cell material, at present
at our disposal, are inadequate for deciding the function of
this cell group.

The second cell mass (figs. 5, 6, 22) associated with the
lateral geniculate body, possibly to be considered a differen-
tiated portion of that mass, is the nucleus of the crossed tecto-
thalamic path. This nuclear group consists of a round mass
of cells just ventral to the lateral geniculate body and inter-
mingled somewhat with the scattered cells of its stratum mo-
leculare but exhibiting none of the linear arrangement char-
acteristic of that nucleus. As the name implies, it is in
synaptic relation with the tractus tecto-thalamicus cruciatus;
it also is related to tractus tecto-thalamicus ventrolateralis.

Nucleus dorsolateralis anterior

In the figures of Alligator sclerops and Crocodilus porosus
Kappers (’21) evidently considers the main portion of the
dorsal region in the cephalic end of the thalamus (dorsome-
dial to the lateral geniculate body and back to about the level
of the nucleus rotundus and the nucleus medialis) as occu-
pied by the nucleus anterior. In the cell material which we
have for Alligator mississippiensis the region is occupied
medialward by the smaller-celled nucleus dorsomedialis an-
terior and lateralward by a pyramidal celled nucleus which
we had previously termed nucleus lateralis. The nucleus
lateralis of that account included, however, both nueleus dor-
solateralis anterior, and in part, nucleus rotundus of the
present nomenclature, and on that basis was regarded as
under the influence of somatic systems ascending from lower
centers, either directly by lemnmiscus systems or indirectly
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by way of the tectum. A more detailed analysis of the fiber
connections and some relatively slight nuclear differentiation
have led us to divide the group into a posterior nucleus rotun-
dus particularly closely associated with the tectum and pos-
sibly receiving directly trigeminal lemniscus fibers and an
anterior nucleus dorsolateralis anterior which has a much
less evident tectal connection and no direct lemniscal connec-
tion in our material. Both nucleus rotundus and nucleus dor-
solateralis anterior receive a tract from the forebrain bundle.
We have dropped the term nucleus lateralis since various
observers have used this name for different nuclear masses
within the reptilian thalamus. Moreover we are mnot pre-
pared at present to state that the nucleus dorsolateralis an-
terior of our terminology is the homologue of the mammalian
nucleus lateralis, though this is possible. That it may be the
equivalent of some avian nucleus or represent the somatic
part of nucleus anterior deserves more special consideration.
We are prepared, however, to maintain that it represents
in cell type and fiber connections as distinct an entity as
compared with the nucleus dorsomedialis anterior as does
any nuclear group within the reptilian thalamus. As a mat-
ter of fact, so far as similarity in connections and cell types
are taken as criteria, it bears much more resemblance to
nucleus rotundus and is much more intimately associated with
that nuclear mass than with nucleus dorsomedialis anterior.
The broad connection of nucleus dorsolateralis anterior with
the lateral areas of the forebrain leaves no doubt that it be-
longs to the somatic thalamus (see discussion, p. 220).
Nucleus dorsolateralis anterior begins near the anterior
end of the diencephalon (fig. 4) and has a position medial to
the lateral geniculate body from which latter cell mass it is
separated for a considerable distance by tecto-thalamic paths.
In its cephalic portion it is irregularly triangular in shape
as seen in cross sectional view. At first it is in close apposi-
tion with the nucleus dorsomedialis anterior thalami and dis-
tinctly lateral to it. The difference in cellular characteristics
of the two nuclei makes them easily distingunishable from
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cach other (compare fig. 8 a and b). The cells of the an-
terior dorsomedial nucleus in toluidin blue preparations, as
was previously stated, appear mainly round or oval in outline;
those of nucleus dorsolateralis anterior have in the same
preparations a triangular or pyramidal shape and are larger.
Gradually the nucleus dorsolateralis anterior begins to oc-
cupy a larger percentage of the dorsal portion of the thalamus
and there is an extension of it medialward so that it reaches
the ventromedial part of the dorsal thalamic region (fig. 5).
Nucleus dorsolateralis anterior also extends dorsolaterally
(figs. 5-6). This extension occurs as the optic tract, on its
way to the tectum, swings lateral to the nucleus. The cells
in the extension, while obviously of the same type and ap-
parently belonging to nucleus dorsolateralis anterior, exhibit
a certain massing which is suggestive of future nuclear dif-
ferentiation. Furthermore this region appears to receive
terminal fibers and collaterals from the optic tract. This diff-
erentiated portion of the nucleus dorsolateralis anterior may
be forecasting an optic thalamic center of higher forms.

Gradually the cells of the ventromedial portion of nucleus
dorsolateralis anterior become more scattered (fig. 6) and
ultimately disappear as the fibers from the lateral forebrain
bundle for nucleus rotundus reach the region (fig. 6). Lat-
erally the nucleus dorsolateralis anterior persists as far
caudad as the anterior portion of the nucleus rotundus
(fig. 7). In the character of the individual cells the two
nuclei greatly resemble each other, although the cells of
nucleus dorsolateralis anterior are the more closely packed
together. (Comparison of the two nuclei should be made in
figs. 7, 8, a and d, and 11).

Nucleus rotundus

Judging from the descriptions and figures in the literature
and from our own preparations of alligator and turtle, nu-
cleus rotundus forms a prominent mass of cells in the brains
of many reptiles. The first account of the reptilian nucleus
rotundus of which we are aware is that given by Stieda (’75)
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who figures such a nucleus in Varanus and describes it as
‘einen kugelrunden Complex.” He apparently recognized its
interrelation with the forebrain through what we now regard
as the lateral forebrain bundle, if one may judge from the
illustrations and the incomplete account which he gives.
Other early workers (C. L. Herrick, ’91, and Humphrey, ’94)
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Fig. 10 Transverse section stained with toluidin blue; designed particularly
to show nucleus dorsalis commissurae posterior and nucleus lentiformis mesen-
cephali. X 15. com.post., commissura posterior; corp.mam., corpus mamillaris;
f.lm., fasciculus longitudiralis medialis; gr.vent.med.com.post., ventromedial
group of interstitial nucleus of the commissura posterior; m.circ., nucleus circu-
laris; n.dors.com.post., nucleus dorsalis commissurae posterioris; mn.inters.com.post.,
nucleus interstitialis commissurae posterioris; n.inters.f.I.m., nucleus interstitialis
fasciculi longitudinalis medialis; n.lent.mes., nucleus lentiformis mesencephali;
¢, optic fibers intermingled with other tectal fibers turning medialward toward
the tectum; tect.op., tectum opticum; tr.op., tractus opticus; V.III, ventriculus
tertius.

evidently recognized its presence although they described
it under other names. KEdinger (’08), de Lange (’13) and
Kappers (°21) located this nucleus in Alligator lucius, Alli-
gator sclerops and Crocodilus porosus respectively, where
presumably the conditions are most nearly analogous with
those found in Alligator mississippiensis. In these forms the
nucleus is found near the middle of the diencephalon. Tt is re-
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garded by de Lange as the homologue of the whole and by
Kappers as probably a part (nucleus medialis b) of the nu-
cleus medialis of Mammalia (see discussion, p. 219).

Nucleus rotundus is clearly present in our material (figs.
7,11, 16, 17, 18, 22) as a very evident, spherical mass of cells
whatever the plane of the section. As in related reptilian
forms, it appears in the middle regions of the diencephalon.
Tt consists of large cells (fig. 8, d) similar in type to those of
nucleus dorsolateralis anterior, from which it is not clearly
separate at its anterior border. It receives a distinet com-
ponent from the lateral forebrain bundle, the fibers of which
surround as well as enter the cell mass and help to give it its
characteristic shape. Associated with it, probably to be con-
sidered a part of it, is nucleus medialis posterior (figs. 7
and 9).

Nucleus medialis

Nucleus rotundus is surrounded on all sides by nerve cells
intermingled with incoming fibers of the lateral forebrain
bundle (figs. 7, 11, 16, 17, 18 and 22). These outer cells group
into two main nuclear masses, a smaller-celled nucleus which
we have termed nucleus medialis anterior and a larger-celled
group designated as nucleus medialis posterior. Kappers
(’21) figured a nucleus medialis in Crocodilus.

Nucleus medialis anterior (figs. 6, 7, 11, 16). This nucleus
is first seen as a group of medium sized and deeply staining
cells overlapping nucleus rotundus anteriorly and then col-
lecting into a rather densely packed nuclear mass, dorsal
and dorsomedial to nucleus rotundus. In this portion it is
ventrolateral to nucleus dorsomedialis anterior thalami and
not sharply differentiable from that cell group. Gradually
it assumes a V-shape (fig. 7) with the point of the V extending
toward the ventricle and the nucleus rotundus lying between
the extended arms, the two arms of the V being connected
on the lateral side of nucleus by scattered cells. Further
caudad, at a plane somewhat in front of the habenular com-
missure, nucleus medialis posterior makes its appearance as
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a large-celled nuclear mass near the inner angle of the V
between the cells of nucleus medialis anterior and nucleus
rotundus (fig. 7). Tractus thalamo-striatalis intermedius
(p. 153) connects nucleus medialis anterior with the striatum.
It may also receive some fibers from tractus thalamo-
striatalis medialis.

Nucleus medialis posterior (figs. 7, 9, 11 and 16). Nucleus
medialis posterior replaces nucleus medialis anterior and
occupies the same relative position as did the latter farther
cephalad; that is, it too forms a V-shaped mass of cells in
the angle of which lies nucleus rotundus. Nucleus medialis
posterior and nucleus rotundus are thus in intimate associa-
tion with each other, consist of the same type of cells and
possibly could be considered divisions of the same nuclear
mass. Nucleus medialis posterior lies at first medial to the
main mass of nucleus rotundus (fig. 7) but when the pos-
terior end of that nuclear mass is reached, the former nu-
cleus swings immediately posterior to the latter and forms
a rather conspicuous, large celled group in this region of the
thalamus (figs. 9, 11). One might consider the nucleus me-
dialis posterior as forming a thickened capsule of nerve cells
posteromedially around the main mass of nucleus rotundus.
The striatum and the nucleus medialis posterior are connected
by the tractus thalamo-striatalis medialis (p. 153) ; the tectum
and the nucleus by the medial tecto-thalamic tract (p. 178).

Nucleus reuniens

The nucleus reuniens was described first for reptiles by
Rabl-Riickhard who in 1894 gave an account of it as observed
in the snake. A brief description of it in several reptiles,
including Alligator, was given by KEdinger (’99). He states
in regard to it: ‘‘Beim Alligator und Krokodil liegt nun
mitten in den relativ sparlichen Nervenzellen, welche sich
hier in der Bruche befinden ein michtiger wohl abgeschloss-
ener Kern, der Nucleus reuniens.”” He refers here evidently
to the pars centralis of our description. Our pars diffusa
we believe to be a part of KEdinger’s nucleus diffusus but a
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much more limited cell mass than the one so designated by
him. Many other workers on Reptilia have figured nucleus
reuniens, including Kappers (’21) and Beccari (’23). It is
particularly well developed in crocodiles and alligators but
appears to be absent in turtles. _

Nucleus reuniens (figs. 6, 7, 9 and 22) in the alligator con-
sists of a main, more dense cellular core surrounded more or
less completely by scattered cells which extend outward
toward nucleus medialis anterior and posterior and nucleus
diagonalis. The main core of cells we have termed pars cen-
tralis of nucleus reuniens while, for lack of a better name, we
have called the scattered cells the pars diffusa of that
nucleus.

Pars centralis appears cephalad in front of the level of the
habenular commissure. As followed in transverse series, it
is at first a rounded mass of cells in the midline between the
two dorsal thalami. It lies slightly ventromedial to the me-
dial nuclei of either side and is separated from those nuclei
in front by pars diffusa and tractus thalamo-striatalis medi-
alis (fig. 7). Behind the level of that tract, it is separated
from both the posterior medial thalamic nucleus and nucleus
diagonalis by the pars diffusa of the nucleus reuniens.
Gradually the pars centralis elongates, becomes oblong in
outline and occupies a considerably larger field. Farther

Fig. 11 This figure is from a sagittal series stained with toluidin blue. X 15.
The section is taken through the level of the foramen of Monro (F.M.) and
sufficiently far lateralward to show the relations of nucleus dorsolateralis anterior
and nucleus rotundus. In this and in a number of the following figures a part
(or in some cases all) of the layers of the optic tectum are numbered, following
the nomenelature of Cujul (’96) for chameleon (footnote, p. 143). aq., aque-
duct; ch.op., chiasma opticum; corp.post., corpus quadrigeminum posterius; dec.
supraop., decussatio supraoptica; F.B., forebrain bundle; F.M., foramen of
Monro; gran.l., granular layer; mol.l., molecular layer; n.dec.supraop.dors., nu-
cleus decussationis supraopticae dorsalis; n.dors.lat.ant., nuecleus dorsolateralis
anterior; n.isth., nuelens isthmi; n.lam., nucleus laminaris (of VIII); n.med.
ant.thal., nuclenus medialis anterior thalami; n.med.post.thal., nucleus medialis
posterior thalami; n.mot.F, nucleus motoris V; n.preop., nucleus preopticus;
n.pretect., nucleus pretectalis; n.rot., nucleus rotundus; N.JV, IVth nerve; P.cl.,
Purkinje cell layer; pl.ch..IV, plexus choroideus ventriculi guarti; st.med., stria
medullaris; str., striatum; tect.op., tectum opticum; V.IV, ventriculus quartus.

THE JOURNAL OF COMPARATIVE NEUROLOGY, VOL. 40, No. 1
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caudad the cells of the more ventral portion become scattered
and merge ultimately into pars diffusa. Shortly behind this
region the remainder of pars centralis disappears. The cells
of this portion are more closely packed and some of them
appear slightly angular in the toluidin blue preparations.

As stated before, pars diffusa consists of scattered cells
between the pars centralis of nucleus reuniens on the one
hand and the nuclei medialis anterior and posterior on the
other. The cells of that portion are slightly smaller and
probably more nearly round in cell outline. In general there
is little evidence of cellular arrangement, although one or
two small groups, the significance of which at present is not
known, may be seen.

Nucleus reuniens, particularly pars centralis, receives
thalamo-striatal fibers from the lateral forebrain bundle. It
also is related with the tectum by means of a relatively large
fiber tract, the.tecto-reuniens. Specific connections to the
pars diffusa have not been established. Probably it receives
the same type of incoming impulses and sends fibers to the
same tracts as does pars centralis.

Nucleus posterocentralis

In our preparations, nucleus posterocentralis (fig. 9) ap-
pears at first ventral to nucleus medialis posterior and in
close relation with that nuclear mass. The two are distin-
guishable from each other by a slight but evident difference
in cell character and cell staining. When the posterior limit
of the nucleus medialis posterior is reached, the nuclens pos-
terocentralis gradually swings dorsalward and occupies the
central portion of the dorsal field in this region.

Nucleus posterocentralis is probably the nucleus lenti-
formis of Kappers (’21) and the nucleus lentiformis thalami
of Beceari (’23). There is sufficient difference in the form
relations of Varanus and Alligator mississippiensis so that
one must have regard here for a possible mistake in homol-
ogy. Nucleus posterocentralis most certainly is not the nu-
cleus lentiformis described by kdinger (’99) and de Lange
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(’13) mnor the nucleus lentiformis mesencephali of Beccari
(’23). The nucleus lentiformis of Edinger and de Lange we
have deseribed under the same name (see p. 137). Conse-
quently we wish to avoid the use of the term for the present
nuclear mass. Nucleus posterocentralis appears to us to be
homologous with the nucleus posterior figured by Cajal (’11,
p. 400, fig. 261) for rabbit. However, the term nucleus pos-

n.inters.flan.

Fig. 12 Transverse section showing particularly nucleus dorsalis commissurae
posterioris. 'The positions of nucleus pretectalis and of nucleus spiriformis
(Edinger, ’08) should be noted. Toluidin blue preparation. X 13. com.post.,
commissura posterior; n.dors.com.post., nucleus dorsalis commissurae posterioris;
n.anters.f.l.m., nucleus interstitialis fasciculi longitudinalis medialis; n.pretect.,
nucleus pretectalis; n.spir., nucleus spiriformis; tect.op., tectum opticum; tr.op.,
tractus opticus.

terior has been applied to nucleus pretectalis by Bellonei (’88)
and other workers on reptilian brains. Therefore to avoid
confusion we have adopted a new name for the cell mass, that
of nucleus posterocentralis.

Area ventrolateralis

Kappers (’21) has figured in Crocodilia the region ventral
and ventrolateral to nucleus rotundus and medial to the lat-
eral geniculate body as oceupied by the nucleus ventrolateralis
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(figs. 7 and 9). On the basis of its position he regards this
cell mass as the homologue of the combined nucleus lateralis
and nucleus ventralis of Mammalia. The area in our prepa-
rations is occupied chiefly by fiber tracts with some inter-
mingled cells and in the alligator does not show any distinet
nuclear pattern. However, there is in the more ventral part
of the area, a rather loosely arranged group of cells which
forms a more or less definite nuclear mass; the cells being
in part in linear arrangement horizontally across the field,
suggesting accompanying fiber paths. From this relatively
more compact nuclear group scattered cells, intermingled with
many fibers (in part, tecto-thalamic paths), extend dorsal-
ward between nucleus rotundus and the lateral geniculate
body. The cells are of medium size and resemble somewhat,
in the toluidin blue preparations, the cell staining and outline
of the last mentioned nucleus. If this area is to be regarded
as the homologue of nucleus ventralis and particularly nu-
cleus lateralis as Kappers thought, these nuclei are certainly
not well differentiated in Alligator mississippiensis. It would
seem to us that such a homology was at least open to serious
question.

Area ventromedialis

The area ventromedialis (figs. 7 and 9) lies dorsal to the
medial forebrain bundle. 1t appears at first as a small round
mass of cells about the level of the anterior end of nucleus
reuniens. It increases in size caudalward and ultimately con-
sists of a mass of medium sized cells intermingled and bor-
dered on the medial side by very tiny cells. These small cells
(nucleus microcellularis, figs. 7 and 9) on the medial side in-
crease in number and ultimately connect the nucleus ventro-
medialis proper with the hypothalamic periventricular nu-
cleus. The ventromedial area disappears at a plane through
about the middle of the posterior commissure. It probably
includes, in part at least, the interstitial nucleus of the fas-
ciculus geniculatus descendens (Beccari, 23). Behind this
level the cells of nucleus microcellularis become scattered and
gradually disappear from the field.



THALAMUS AND MIDBRAIN OF THE ALLIGATOR 133

Nucleus diagonalis

Nucleus diagonalis (figs. 7 and 9) begins anteriorly in Alli-
gator mississippiensis as a small mass of cells just ventro-
lateral to the cephalic portion of nucleus reuniens. As one
follows the nuclens diagonalis caudad it becomes somewhat
elongated or comma shaped, with the thicker portion in the
original position and the curved part extending dorsolateral-
ward. The lateral portion then increases in size and becomes
round in outline with a more scattered cell arrangement due
to the intermingling of fibers and cells. As this lateral ex-
tension of the nucleus increases in size it lies at first ventro-
medial to the medial thalamo-striatal component of the lat-
eral forebrain bundle (fig. 7). Gradually it becomes
separated from the more medial portion of the nucleus, which
latter portion maintains its original position until ultimately
1t consists of two parts separated by the tractus tecto-
reuniens; after this the two portions diminish rapidly in
size, lose their characteristic deep staining qualities and
disappear.

There is evidence, not completely satisfactory, that the nu-
cleus diagonalis is related to pretectal or possibly tectal cen-
ters by a fiber tract which swings dorsolaterally, ventrolateral
to the nucleus rotundus, and joins the ventrolateral tecto-
thalamic path. The sweep of the fibers is best seen in the
cell preparations. The medial portion of the nucleus ap-
pears to receive or to give fibers to the tractus tecto-reuniens.
In general the cells of the nucleus diagonalis take a deep stain
in the toluidin blue preparations and are pyramidal or tri-
angular in outline.

Nucleus posterodorsalis

Just ventrolateral to the habenula, dorsal to the posterior
portion of nucleus dorsolateralis and dorsolateral to nucleus
medialis anterior is a small nuclear mass which is termed,
for the present, nucleus posterodorsalis (figs. 7 and 9). Ceph-
alad it begins slightly in front of the habenular commissure
and is present throughout most of the extent of that tract.
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It is a small nuclear mass of found form and consists of cells
which resemble those of nucleus medialis anterior with which
it lies in close relation. It is related with fibers of the tecto-
thalamic paths. Its significance is not understood at present.

The nucleus posterodorsalis in Alligator mississippiensis
appears to be intimately associated with tectal tracts, in par-
ticular with those of the ventrolateral tecto-thalamic bundle.
How many of the fibers actually synapse in the nucleus it has
not been possible for us to determine.

Geniculato pretectale of Beccari

The group of cells termed the geniculato pretectale by Bee-
cari (’23), presumably because the linear arrangement of the
cells suggests the lateral geniculate body, is not so evident
in our preparations as in those of Varanus deseribed by that
author. However it can be identified in our material (fig. 9),
its outer cells consisting of a narrow row of deeper staining
cells and its inner layer of lighter staining, more scattered
ones which are more or less continuous with the nuclear mass
of nucleus posterodorsalis. The nucleus appears to be in the
path of the tecto-thalamic bundles (fig. 9). It is apparently
associated with a path which extends toward the bulbar re-
gions (figs. 17-18). This has been described as the fasciculus
pretectalis descendens by Beccari. Our material is not fa-
vorable for a study of this fasciculus and we are uncertain
of its exaet origin or termination. Our material suggests
that the fibers of this fasciculus are associated with fibers
from the nucleus pretectalis which also run bulbward.

Fig. 13 Transverse section, stained with toluidin blue, through the optie
tectum and nucleus ruber. X 135. com.col.sup., commissura colliculi superioris;
f.lom., fasciculus longitudinalis medialis; mn.inters.f.l.m., nucleus interstitialis
fasciculi longitudinalis medialis; n.lat.mes., nucleus lateralis mesencephali; n.med.
mes.V., nucleus medialis of mesencephalic V; n.dors.lat.I11, nucleus dorsolateralis
of IITrd nerve; n.rub., nucleus ruber; n.vent.med.Ill, nucleus ventromedialis of
IIIrd nerve (just beginning); tect.op., tectum opticum; tr.tect.bulb.vent., tractus
tecto-bulbaris ventralis; tr.op., tractus opticus; 1-13, mostly alternate numbers,
these numbers indicate the tectal layers according to Cajal (footnote, p. 143).
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Nucleus lentiformis mesencephali

A nucleus lentiformis (fig. 10) has been described in various
reptiles by de Lange (’13). It lies just above the posterior
commissure and is bounded laterally by optic fibers. It is
associated with the fibers of the ventrolateral tecto-thalamic
tract and those of the dorsal supraoptic decussation, certain
bundles of these tracts passing anterior to it while others
appear to send collaterals and possibly stem fibers into it.
It is connected by short fibers with the tectum. As seen in
toluidin blue preparations, nucleus lentiformis consists of a
scattered group of cells, its nuclear boundary being ill-defined.
This loose arrangement is probably due to the numerous small
fiber bundles passing among the cells. The larger cells seen
in de Lange’s preparations (based on Varanus, judging from
the figures) are present and are more lightly stained in our
material.

Nucleus pretectalis

The pretectal nucleus (figs. 11, 12) was described by HEdin-
ger (99 and ’08) who regarded it as connected with the lateral
geniculate body and with nucleus rotundus. Such connec-
tions are evident in our preparations as a part of the tecto-
thalamic paths from these regions, which thus in part synapse
in nucleus pretectalis and in part pass directly to the tectum.
With these connections de Liange is also in agreement. Fibers
of the dorsal supraoptic commissure (transverse decussation

Fig. 14 Transverse section through the optie tectum and corpus quadrigemi-
num posterius. Attention is called to the relation of the inner cell layers of the
optic tectum with the cell mass of corpus quadrigeminum posterius. Toluidin blue
preparation. X 15. agq., aqueduct; com.col.sup., commissura colliculi superioris;
corp.post., corpus quadrigeminum posterius; dec.teg.dors., decussatio tegmentalis
dorsalis; f.l.m., faseiculus longitudinalis medialis; lem., lemniscus; n.dors.lat.Ill.,
nucleus dorsolateralis of I1Ird; n.em.lat., nucleus lemnisci lateralis; n.med.mes.V.,
nucleus medialis of mesencephalic V; n.vent.med.lll., nucleus ventromedialis of
IIIrd nerve; periwent.g., periventricular gray; rad.M., radiations of Meynert;
tect.bulb.f., tecto-bulbar fibers; tect.op., tectum opticum; tr.op., traectus opticus;
tr.tect.bulb.dors., tractus tecto-bulbaris dorsalis; tr.tect.bulb.vent., tractus tecto-
bulbaris ventralis; 1-13 (alternate numbers and 12), layers of tectum (footnote,
p. 143).
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of Edinger and de Lange) also reach this nucleus in Reptilia
according to Edinger. Our material appears to confirm this
statement. In our preparations there is a so-called strio-
tectal tract (see discussion of the lateral forebrain bundle,
p. 160) which may have an ending in this nucleus. We are
not so certain of this connection, but our silver preparations
certainly suggest this relation. Furthermore Schroeder’s
(’12) drawings of the brain of the hen and Edinger’s (’88,
96, '99) findings on reptiles suggest the connection.
Nucleus pretectalis consists of a mass of medium-sized or
possibly somewhat larger cells more readily recognized in the
silver preparations where the group is rather sharply de-
limited by the surrounding fiber tracts. Dorsomedial to the
nucleus pretectalis and not sharply separated from it in the
cell preparations is a small group of rather large-sized cells
which Edinger (’08, Band I, p. 158) has labeled nucleus
spiriformis, in Varanus griseus. This nucleus lies ventrally
in relation with the nucleus of the posterior commissure. It
is intimately related by short scattered fibers with the nucleus
pretectalis, of which it is sometimes regarded as a part.

Nucleus of the dorsal supraoptic decussation

The nucleus of the dorsal supraoptic decussation (figs. 3, 6,
17) lies in the anterior diencephalic region where the an-
terior thalamo-striatal path turns dorsalward to enter nu-
cleus dorsolateralis anterior. The nucleus of the dorsal supra-
optic decussation lies in the angle between the above men-
tioned tract and the remainder of the thalamo-striatal com-
ponents of the lateral forebrain bundle. It receives fibers
from the dorsal supraoptic commissure, although some of the
fibers of that complex do not appear to enter into synaptic
relation with it. Fibers run with the non-synapsing portions
to the pretectal and tectal regions. This nuclear mass is not
the nucleus described by Edinger as the nucleus of the trans-
verse decussation. The nucleus of the dorsal supraoptic com-
missure receives collaterals and possibly stem fibers from
the dorsal portion of the lateral forebrain bundle.
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Nucleus entopeduncularis

Nucleus entopeduncularis (figs. 7 and 17) described by
Edinger (’99) for Varanus griseus, and by de Lange
(’13) for Varanus salvator and Draco volans is situated

Fig. 15 Transverse section dorsally cut through the posterior end of the tectal
areas and ventrally through motor Vth nucleus. A glance at the sagittal section
(fig. 11) given on page 128 will enable a clear understanding of the plane of
section which is further caudad on the ventral than on the dorsal side. Toluidin
blue preparation. X 15. corp.post., corpus quadrigeminum posterius; f.l.m.,
fasciculus longitudinalis medialis; lem.lat., lemniscus lateralis (includes other
aseending sensory fibers here, in all probability); n.isth., nucleus isthmi 5 nmed.
mes.V., nucleus medialis of mesencephalic V; n.mot.V., nucleus motoris V;
n.8p.V tr., nucleus of spinal Vth tract; N.V, Vth nerve; ret.g., reticular gray;
s, indicates relation of optic tectum to corpus quadrigeminum posterius; sup.ol.,
superior olive; V.IV, ventriculus quartus; Y, medial cell group of nucleus isthmi;
1-13 (alternate numbers), layers of optic tectum (footnote, p. 143).
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at about the level of the anterior end of nucleus reuniens
in Alligator mississippiensis. It lies among the fibers of the
lateral forebrain bundle (fig. 17) and undoubtedly is in syn-
aptic relation with the ventral portion of that bundle as other
observers have stated. It is characterized in the alligator,
as in other reptiles, by its large multipolar cells. Just dorsal
to nuecleus entopeduncularis there is a similar cell mass en-
tirely disconnected but somewhat similar in cell type. This
latter nucleus (nucleus Z) is in synaptic relation with fibers
of the tecto-reuniens system (p. 178).

Nucleus periventricularis hypothalami

The nucleus periventricularis hypothalami (figs. 3-7, 9)
appears at the anterior end of the hypothalamus just dorsal
to the optic chiasma and in our series at first ventral to the
more scattered portion of the preoptic nucleus which it re-
places. Cells of the interstitial nucleus of the projection
tract of Cajal fuse with its anterior portion and fibers of
the tract end in part in this periventricular hypothalamic
region. Certain of the lateral and medial olfacto-habenular
fibers may arise from the anterior end of the region. At first
nucleus periventricularis hypothalami is round in outline as
seen in cross-section; gradually it assumes a triangular form
with the apex pointed dorsalward. Gradually this dorsal apex
fuses with a mass of cells following the ventricle in the ven-

Fig. 16 Drawing made from a horizontal section through the level of nucleus
dorsolateralis anterior and nucleus dorsomedialis anterior (i.e., dorsal thalamus)
cephalad and the level of the cochlear VIIIth nuclei caudad. The figure is in-
tended to show particularly the relations of nucleus dorsomedialis anterior and
nucleus dorsolateralis anterior. Toluidin blue preparation. X 15. corp.gen.lat.,
corpus geniculatum laterale; f.l.m., fasciculus longitudinalis medialis; lem.lat.,
lemnisens lateralis; n.eng.subhab., nucleus angularis subhabenularis; n.cire., nu-
cleus eircularis; =n.diag., nucleus diagonalis;n.dors.magnocell., nucleus dorsalis
magnocellularis; n.dors.med.ant., nucléus dorsomedialis anterior; wn.dors.lat.ant.,
nucleus dorsolateralis anterior; n.lam., nucleus laminaris; n.med.ant.thal., nucleus
medialis anterior thalami; mn.med.post.thal.,, nucleus medialis posterior thalami;
n.rot., nucleus rotundus; n.sp.V.tr.,, nucleus tracti spinalis V; n.JII, nucleus of
IIIrd nerve; n.IV, nucleus of IVth nerve; N.VIII, VIIIth nerve: st.med., stria
medullaris; tr.op., tractus opticus.
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tral half of the diencephalon and the characteristic nuclens
periventricularis hypothalami which de Lange (’13) has
shown in Draco volans and Testudo graeca is formed. It is
this more posterior portion of the nucleus which is in rela-
tion with the tecto-hypothalamic fibers described under the
diencephalic periventricular system (p. 173). The hypothal-
amic periventricular nucleus can be traced throughout praec-
tically the length of the hypothalamus, its changes in form
relations being most easily understood from the figures pre-
sented.

Nucleus hypothalamicus lateralis

The lateral hypothalamic nucleus (figs. 5, 6, 7 and 9) is
present in the alligator in substantially the same relations
as those given by de Lange (’13) for Draco. It appears at a
level somewhat in front of the habenular commissure, ventral
to the forebrain bundles and lateral to the periventricular hy-
pothalamic nucleus. It disappears caudalward at a plane
slightly behind the posterior end of the habenular commis-
sure. It consists of rather scattered medium-sized cells.

A nucleus similar in type and similarly sitnated but ceph-
alad to the lateral hypothalamic nucleus has been termed
nucleus hypothalamicus anterior (figs. 3 and 4). Like the
lateral, the anterior hypothalamic nucleus receives terminal
fibers from the lateral forebrain bundle. The two nuclei are
not sharply delimited and might readily be regarded as a
single nuelear mass made up of smaller groups of cells.

Nucleus hypothalamicus ventralis

The ventral hypothalamic nucleus (fig. 7) is apparently
comparable to the one described by de Lange (’13) but is
smaller and has one striking characteristic, namely, its evi-
dent relation with a ventral hypothalamie commissure system,
which passes through the floor of the brain below the third
ventricle. The nucleus soon loses any definite outline and
fades into a diffuse mass of cells which fills the remainder
of the region.
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Corpus mamillare

As one approaches the posterior end of the hypothalamic
region one finds it occupied mainly by a deeply staining,
fairly compact nucleus (fig. 10). Probably this is the homo-
logue of the mamillary body. We have been unable to follow
the fornix into it, but de Lange (’13) succeeded in doing so
for a similarly situated nucleus in the reptiles which he
studied and he considers this nuclear mass the anlage of the
mammillary body.

Tectal regions

It is not the purpose of the present paper to go into a
detailed account of the tectal areas. A brief account of the
general nuclear structure is however demanded by the char-
acter and scope of the paper. The roof of the midbrain is
formed by two highly developed optic tecta, the superior
colliculi or corpora bigemina of the comparative anatomist.
These are relatively very highly developed and exhibit more
layer differentiation than is described for Mammalia. They
are directly comparable with the region in birds. The various
layers found in the superior collicular region were first fig-
ured in chameleon by Cajal (’96); a similar figure for Draco
has been given by de Lange following Bielchowsky (’13). Our
own drawings (figs. 13-15, 24-26) indicate the layers and
obviate the necessity for a detailed description.!

Rolled into the ventricle directly ventral to the superior
colliculus throughout its posterior extent is a large gray mass
which de Lange and Kappers regard as the homologue of the
inferior colliculus or corpus quadrigeminum posterius. It is
the torus semicircularis of former observers. Alex Palmgren
(’21) questions the homology of this nucleus with the inferior
colliculus, basing his arguments on certain developmental
relations. We have no material at present for studying the
development of this region in the alligator. On the basis of

1Qur Golgi and Cox preparations are inadequate for a detailed study of the
finer cellular structure of the optic tectum. Consequently we have indicated the
various layers of the tectum by the numbers which Cajal (’96) employed.
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the fiber connections of the region, the nuclear mass appears
to us homologous with the inferior colliculus of higher forms.
The relations of this torus semicircularis, inferior colliculus
or corpus quadrigeminum posterius with the superior col-
liculus are interesting. The inner layers of the latter, accom-
panied by fiber bundles, extend around the former forming
an outer cortex-like layer inside of which is a spherical mass
of cells which forms the chief bulk of the corpus quadrigemi-
num posterius (figs. 11, 13, 14, 15, 24-26).

FIBER TRACTS
Résumé of epithalamic and hypothalamic connections

In order to appreciate the differentiation of thalamic areas
it is necessary to have an understanding of the epithalamic
and hypothalamic centers as well as those of the thalamus
proper. The following brief survey notes only a few struc-
tures presented for the first time and is intended primarily
as a background for a discussion of the factors involved in
thalamic development.

Epithalamus. For a number of reptiles the various fiber
tracts which are most characteristic of the habenular con-
nections have been described by such observers as de Lange
(’11), Edinger (99 and '08), Kappers (’21) and others. The
stria medullaris was described for Alligator mississippiensis
by Crosby (’17) and for the details of its course and the fig-
ures illustrative of its relations the reader is referred to
that paper. In her recent paper on Sphenodon punctatum,
Hines (’23) has identified certain of these components, par-
ticularly the cortico-habenular and the olfacto-habenular
(posterior portion) tracts, finding them in substantially the
same relations and using the terminology adopted for the
alligator. The same nomenclature is used for these tracts in
both Amphibia (Herrick, '10) and Mammalia (Gurdjian, ’25,
and others) so far as our present knowledge permits of ho-
mologies. A brief review of the various components of stria
medullaris together with some further details concerning
them, based particularly on the study of Alligator missis-
sippiensis and Chrysemys mavrginata, follows.
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Stria medullaris (figs. 1a and b, 18-21; also Crosby, ’17,
pp. 370-2, figs. 18-20; Hines, 23, pp. 527-529, figs. 22-25)
is certainly the largest fiber tract reaching the habenula. It
consists partly of fibers from cortical centers and partly of
fibers from basal centers. Of the cortical tract there are six
main divisions: 1) Tractus cortico-habenularis medialis
(Crosby, 17, p. 370 and figs. 18-20) arises mainly from the
projection cells of the more anterior part of the hippocampal
cortex (and in small part from the nucleus commissurae hip-
pocampi), runs caudad from the hemispheres in company
with the fornix and then turns dorsocaudad to enter stria
medullaris which it accompanies to the habenula. 2 and 3)
Tractus cortico-habenularis lateralis anterior and the tractus
cortico-habenularis lateralis posterior form really two divi-
sions of a single fiber tract which apparently runs as one
bundle in some forms. These include the tract referred to
by Hines (23, p. 499 ¢) for Sphenodon punctatum. Kappers
and Theunissen (’08, figs. 21 and 22) described this tract
together with some fibers of the tractus cortico-habenularis
medialis of the present description under the name of the
tractus olfacto-habenularis. Their description was based on
the lizard, Iguana. Kappers (’21, p. 861) mentions the pres-
ence of the tract in the crocodile but the tract is unlabeled in
the figure to which he refers. Tractus cortico-habenularis
lateralis anterior (Crosby, ’17, p. 370 and figs. 16-21) arises
from the cortex of the pyriform lobe but also in part from
the non-cortical nucleus olfactorius lateralis and nucleus of
the diagonal band of Broca. It runs medialward until the
medial part of the hemisphere is reached and then turns dor-
salward and accompanied by tractus olfacto-habenularis later-
alis enters the stria medullaris. Tractus cortico-habenularis
lateralis posterior (fig. 19, also Crosby, 17, p. 372 and figs. 20
and 21; Hines, ’23, p. 499 b) takes its.origin in part from the
nucleus of the lateral olfactory tract, in part from the outer
and ventral portion of the dorsolateral area of the forebrain,
and in part from the overlying cortex; it sends its fibers
dorsomedially above and for a time nearly parallel to the
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stria terminalis and then dorsalward into the stria medul-
laris. 4 and 5) Two pathways, tractus olfacto-habenularis
lateralis and tractus olfacto-habenunlaris medialis (Herrick,
10, p. 541, fig. 69; also Crosby, 17, p. 372 and figs. 21 and
22), are so termed from the respective positions which they
occupy during their course lateral and medial to the fore-
brain bundles. These two traets, which form an important
part of the stria medullaris, connect the nucleus preopticus
throughout most of its extent with the habenula. 6) Tractus
olfacto-habenularis posterior (Crosby, 17, fig. 10) is a tract
from the nucleus.of the lateral olfactory tract and the ventro-
medial nucleus to the habenula by way of the stria medul-
laris. A relatively detailed account of the various compon-
ents as described for Alligator mississippiensis may be found
by referring to the 1917 paper (Crosby, pp. 370-2).

In the turtle there are fine fibers from the habenula accom-
panying the ventrolateral tecto-thalamic tract which appar-
ently reach the tectum. These could not be identified in the
alligator material which was available, possibly due to fauity
impregnation.

Tractus habenulo-peduncularis has been figured for various
reptiles by Edinger (’99), Kappers (’21), Hines (’23) and
others. Tt could be clearly traced in the turtle material at
our disposal and is also present in the alligator material
(figs. 18, 20 and 21).

There is some evidence of a connection between the habenula
and the dorsal thalamus in the turtle material, the fibers ac-
companying the tractus habenulo-peduncularis for a part of
their course. Such a tract was described by Haller as funicu-
lus habenulae posterior. Edinger (’99) described a habenulo-
diencephalic tract. We were not able to find this tract in our
alligator material.

The habenular commissure (figs. 1, ¢, d and e; 9) consists
partly of short connecting fibers between the habenulae of the
two sides. It serves primarily as a pathway for crossed fibers
of the tractus cortico-habenularis lateralis and possibly of
ather components of the stria medullaris.
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The habenula is unquestionably an olfactory correlation
center as is evinced by its broad connection with the hippo-
campus and the basal olfactory centers of the telencephalon.
Its fiber relations with the pyriform lobe cortex and tectum
(and probably with the thalamus as well) suggest that it re-
ceives also indirectly from these centers somatic impulses,
and is consequently probably the olfacto-somatic correlation
center of the diencephalon.

Hypothalamus. The hypothalamic nuclei and their connee-
tions are not fully known in the alligator. From the hippo-
campal cortex descending impulses reach it by way of the
fornix system which has been more or less completely de-
seribed and figured by a number of observers, among them
Edinger (’88 and ’96), C. L. Herrick (’90), Adolf Meyer (’92),
C. J. Herrick (’10, for alligator), de Lange (’11), Crosby
(’17), Kappers (’21) and Hines (’23). The secondary ol-
factory centers of the medial wall of the hemispheres are
placed in relation with the hypothalamus by way of the hypo-
thalamic component of the medial forebrain bundle (figs. 20
and 21) which probably carries impulses in both directions.
The ventral olfactory projection tract (Crosby, ’17, figs. 18
and 19) connects the nucleus of the lateral olfactory tract
and the cortex of the pyriform lobe with the hypothalamus.
This tract in the diencephalic regions forms the more ventral
part of the medial forebrain bundle. A more complete ac-
count of its course and of that of the following tract may be
found by reference to the previous paper (Crosby, ’17, p.
373). The olfactory projection tract was first described by
Cajal (’11) for the mouse; it was described for the turtle by
Johnston (’15) and for the alligator by Crosby (’17). It
connects the ventromedial nucleus of the hemisphere with
the hypothalamic and particularly the mesencephalic centers,
accompanying the fornix fibers and those of the medial fore-
brain bundle throughout a part of their course (see account
of the interstitial nucleus of the tract, p. 110). These two
olfactory projection tracts, the one on the ventral and the
other on the dorsal side of the medial forebrain bundle, have
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been described as having practically identical relations in
the frog brain by Herrick (’21) who has used the same nomen-
clature as that employed for the alligator by Crosby (’17).
Fibers from the lateral forebrain bundle (tractus strio-hypo-
thalamicus, p. 157) reach the hypothalamus throughout a
considerable part of its extent, going particularly to the lat-
eral and anterior hypothalamic nuclei (figs. 4-9). There is
probably some connection with the tectum (see the description
of the diencephalic periventricular system, p. 173). The two
sides are interrelated by short fibers erossing in the post-
optic commissure. Undoubtedly there are ascending paths
from the tectum of the midbrain or the bulbar regions but
their position and course are unknown. Enough of its connec-
tions are known to indicate that it is an olfactory center,
probably an olfacto-visceral correlation center, if one may
judge by analogy with other forms (C. J. Herrick, ’05, has
shown that in fishes secondary gustatory paths reach this
regiomn).

Basal forebrain bundle

The basal forebrain bundle is one of the great longitudinally
conducting fiber bundles of the reptilian brain, serving pri-
marily as a pathway for impulses between the forebrain and
the lower centers. It consists of medial and lateral por-
tions which may be more or less sharply distinguished from
each other from the standpoints of funetion and of appear-
ance. Besides these longer conducting pathways, short fibers
run in the basal forebrain bundle between the various nuclei
of the hypothalamus and between the hypothalamic centers
and the tegmental portions of the midbrain.

1. Medial forebrain bundle (figs. 18-25). This bundle is
concerned primarily with the interrelating of the basal olfac-
tory centers with the centers of the hypothalamus. It is not
entirely concerned, though chiefly, with the infegration of
olfactory and visceral impulses and with the provision for
them of a caundal discharge path. Some of its fibers pass
back into the region of the mesencephalon, ending there in
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the tegmental portions. After the diencephalon is reached
the medial forebrain bundle is overlapped by the olfactory
projection tract (figs. 19-25) and the accompanying fornix
fibers. In our material it is not possible to draw a sharp
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Fig. 17 Figure drawn from a sagittal section through the corpus geniculatum
laterale and nuecleus rotundus. The drawing illustrates particularly the division
of the forebrain bundle into dorsal and ventral peduncles, and the fasciculus
geniculatus descendens and fasciculus pretectalis descendens of Beccari’s (’23)
description. Weigert preparation. X 13. corp.gen.lat., corpus geniculatum lat-
erale; corp.post., corpus quadrigeminum posterius; dec.supraop.dors., decussatio
supraoptica dorsalis; dec.supraop.vent., decussatio supraoptica ventralis; f.gen.
desc., fasciculus geniculatus descendens; f.pretect.desc., fasciculus pretectalis de-
scendens; L.F.B. (ped.vent.), lateral forebrain bundle (ventral peduncle); n.dec.
supraop.dors., nucleus decussationis supraopticae dorsalis; n.enmtoped., nucleus
entopeduncularis; n.0v., nucleus ovalis; n.pretect., nucleus pretectalis; n.rot., nu-
cleus rotundus; tect.op., tectum opticum; tr.op., tractus opticus; tr.tect.pretect.,
tractus tecto-pretectalis; tr.thal.str.ant., tractus thalamo-striatalis anterior; tr.
thal.str.interm., tractus thalamo-striatalis intermedius.



CROSBY

G. CARL HUBER AND ELIZABETH C.

150

P

PO AIS IO T 4]~ ~

pad-qoyay

Pl *sa0p*dovidns Iap

= uzn dovadns aap

——R= T dosy
N

= 7 ssoprdovadns 19p

Wi L e -

EEr
N
S €L 2N |
B SR powe s oy 4
T ﬁ/:”r /
T TT TN T T 35 oy g 4y

Sy
EREC TR S0y SN
/

‘qosn
|||||| WO 4y oy 4
JUD Pou "S40p

‘pat g5



THALAMUS AND MIDBRAIN OF THE ALLIGATOR 151

line between the components of the three bundles although
the general position of each can be recognized. A quite de-
tailed account of the cells of . origin, the relations and the
terminations of the medial forebrain bundle in the brain of
Alligator mississippiensis is given by Crosby (’17).

De Lange (’11 and ’13) has described this tract in part
in several reptiles under the name of tractus septo-mesen-
cephalicus. His description differs somewhat from the one
given above. He does not give any termination in the hypo-
thalamic regions, but mentions a possible dorsal portion into
the thalamus. The tract has been described for various rep-
tiles including Python and Chelone midas by Edinger (’96)
and for Sphenodon by Hines (’23).

Johnston has figured the medial forebrain bundle in turtles
(see 15, figs. 52-54). The relations are essentially the same
as those given for the alligator in the foregoing description.
In the turtle material which was available for study, the
bundle was well impregnated and its relations were traced as
Johnston had described them. The final termination in the
midbrain region could not be definitely established.

2. Lateral forebrain bundle. 'This bundle has three fune-
tions: 1) it affords a pathway (tractus thalamo-striaticus
described below) by means of which integrated somatic im-
pulses of the neothalamus may reach the hemisphere; 2) it
provides a discharge path from the somatic centers of the

Fig. 18 This figure is drawn from a Weigert haematoxylin stained series and
is more medialward than figure 17. It illustrates the thalamo-striatal components of
the lateral forebrain bundle and the faseiculus pretectalis descendens of Bececari’s
(’23) nomenclature. X 13. cer., cerebellum; corp.post., corpus quadrigeminum
posterius; dec.supraop.dors., decussutio supraoptica dorsalis; dec.supraop.vent.,
decussatio supraoptica ventralis; f.gen.desc., fasciculus geniculatus descendens;
f.pretect.desc., fasciculus pretectalis descendens; hyp., hypothalamus; M.F.B,
medial forebrain bundle; L.F.B.(ped.vent.), lateral forebrain bundle (ventral
pedunecle) ; n.dors.lat.ant., nucleus dorsolateralis anterior; n.dors.med.ant., nucleus
dorsomedialis anterior; n.isth., nucleus isthmij; n.lam., nucleus laminaris; =a.rot.,
nucleus rotundus; N.III, IIIrd nerve; N.IV, IVth nerve; st.med., stria medul-
laris; tec.op., tectum opticum; tr.hab.ped., tractus habenulo-peduncularis; tr.op.,
tractus opticus; ¢r.thal.str.ant., tractus thalamo-striatalis anterior; tr.thal.str.int.,
tractus thalamo-striatalis internus; itr.thal.str.interm., tractus thalamo-striatalis
intermedius; tr.thal.str.med., tractus thalamo-striatalis medialis.
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lateral wall of the forebrain, including the developing somatic
cortex, to the thalamus and midbrain; 3) it carries impulses
between the thalamus and the midbrain. The lateral fore-
brain bundle, then, is concerned primarily with the integra-
tion and discharge of somatic impulses. Its importance in-
creases with the increased development of neothalamic and
neocortical areas in the forebrain. It is the forerunner of
the internal capsule system found in higher forms.

The lateral forebrain bundle has been described and fig-
ured under a variety of names. It was named the peduncle
by certain of the earlier observers, such as C. L. Herrick
(’90 and ’93) and Pedro Ramén y Cajal (’96). It was called
the strio-hypothalamic tract by Unger (’06) and by de Lange
(’11). In general it consists of two main portions. The
dorsal part, which is concerned primarily in the interrelation
of the striatum and the dorsal thalamus, has been described
by various observers (Edinger, ’99; de Lange, ’13; Crosby,
17, and others) as the thalamo-striatal component; others
have termed it the pedunculus dorsalis (for example, on occa-
sion, Kappers, ’21). De Lange has described and figured the
tract as arising from the nuecleus rotundus and nuclens an-
terior and running to the neostriatal regions in Varanus sal-
vator, Draco volans and some other reptiles. Copies of sev-
eral of de Lange’s figures are given by Kappers (21).

For convenience in deseription the thalamo-striatal portion
of the lateral forebrain bundle has been deseribed as if it ran
from forebrain to diencephalon, although it certainly con-
ducts, in part at least, in the opposite direction. Further-
more it has been divided into several components which are
to some degree intermingled and cannot at all levels be dis-
tinguished from one another.

In the basal region of the hemisphere and its point of en-
trance into the diencephalon, the lateral forebrain bundle
forms a more or less compact mass of fibers (figs. 17-20).
However, almost immediately after reaching the dienceph-
alon, the most anterior portion of the dorsal peduncle is given
off. This has been termed tractus thalamo-striatalis anterior
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(figs. 17-21). As this anterior part splits off from the main
bundle it forms with it a V in the angle of which is the be-
ginning (in our sagittal series) of a mass of cells, the nucleus
of the dorsal supraoptic decussation (fig. 17). This nucleus
lies between the thalamo-striatal paths and the remainder of
the forebrain bundle. Some of the fibers of the lateral fore-
brain bundle appear to synapse in this nucleus; however, the
major portion of the fibers are not in synaptic relation with it.
Tractus thalamo-striatalis anterior runs dorsalward and
slightly posterior and then curves cephalad again (fig. 18).
It terminates in nucleus dorsolateralis anterior thalami. A
few scattered fibers may reach nucleus dorsomedialis ante-
rior but the vast majority of them in our material are confined
to nucleus dorsolateralis anterior. This does not quite agree
with the statements of de Lange, Kappers or Edinger, who
regard this division of the lateral forebrain bundle as pass-
ing to nucleus anterior. The difference of opinion is based
on a difference of interpretation of the nuclear masses of the
dorsal thalamic region, the authors just mentioned regard-
ing both nucleus dorsomedialis anterior and nucleus dorso-
lateralis anterior of our desecription as a single nuclear mass.

Caudal and medial to the nuclear mass just described, a
second portion (tractus thalamo-striatalis intermedius) of
the lateral forebrain bundle is given off. This fiber bundle
runs dorsocaudad to nucleus rotundus and the associated
nucleus medialis anterior. As it reaches the nucleus it
sprays out throughout the area, conforming to the spheric
shape of the cell mass. Part of the fibers distribute to the sur-
rounding nerve cells of nucleus medialis and with it form a
capsule around nucleus rotundus. Tractus thalamo-stria-
talis medialis, which is in relation with nucleus medialis pos-
terior and probably with nucleus medialis anterior as well,
splits off from the main mass of forebrain fibers and runs
dorsomedialward (figs. 18 and 22) curving around nucleus
rotundus on the medial side of that nuclear mass and so
reaches in part nucleus medialis anterior and farther caudad
the anterior portion of nucleus medialis posterior. Tractus
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Fig. 19 Transverse section through the anterior end of the diencephalon show-
ing the crossing of the two divisions of the ventral supraoptic decussation. Cajal
preparations. X 135. corp.gen.lat., corpus geniculatum laterale; dec.supraop.
vent.pars dors., decussatio supraoptica ventralis pars dorsalis; dec.supraop.vent.
pars vent., decussatio supraoptica ventralis pars ventralis; di.perivent.sy., dien-
cephalic periventricular system; hab., habenula; L.F.B.(ped.vent.), lateral fore-
brain bundle (ventral peduncle); M.F.B., medial forebrain bundle; =, differen-
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thalamo-striatal internus (fig. 18) runs medialward and
slightly downward to nucleus reuniens and a part of nucleus
diagonalis. We are of the opinion that the nuclear masses
of the thalamus more posterior to nucleus rotundus and nu-
cleus medialis posterior may receive forebrain fibers of the
strio-thalamic type, but the evidence for this is not conclusive.

The direction of conduction for anterior, intermedius and
internal strio-thalamic tracts is definitely known to be from .
thalamus to striatum,-since neuraxes of cells in the thalamiec
areas supplied by these portions of the thalamo-striatal bundle
can be traced out into the tract (fig. 8¢). They may be ac-
companied by strio-thalamic fibers as well, but the evidence
for this is not clear in our material. In the chameleon Cajal

tiated lateral part of nucleus dorsolateralis anterior; n.dors.lat.ant., nucleus dorso-
lateralis anterior; mn.dors.med.ant., nuclens dorsomedialis anterior; n.ov., nucleus
ovalis; olf.proj.tr. + F., olfactory projection tract and fornix; pl.ch.V.I1I, plexus
choroideus ventriculi tertii; preop.f., preoptic fibers; st.med., stria medullaris;
tr.cort.hab.lat.post., tractus cortico-habenularis lateralis posterior; tr.op., trae-
tus opticus; tr.op.pars az., tractus opticus pars axillaris; ¢r.op.pars marg., tractus
opticus pars marginalis; ¢r.str.hyp., tractus strio-hypothalamicus (part of the
lateral forebrain bundle); tr.tect.thal.vent.lat., tractus tecto-thalamicus ventro-
lateralis; tr.thal.str., tractus thalamo-striatalis; tr.thal.str.ant., tractus thalamo-
striatalis anterior.

Fig. 20 Transverse section slightly caudad to the plane of figure 19, showing
the dorsal supraoptic fibers at their decussation. Tractus tecto-thalamicus eru-
ciatus is also indicated as it crosses the midline. Whether or not this latter tract
is intermingled with incoming optic fibers we are unable to determine at present.
Cajal preparations. X 15. bas.op.r.,, basal optic root; corp.gen.lat.,, corpus
geniculatum laterale; dec.supraop.dors., decussatio supraoptica dorsalis; dec.
supraop.vent.pars dors., decussatio supraoptica ventralis pars dorsalis; dec.supraop.
vent.pars vent., decussatio supraoptica ventralis pars ventralis; di.perivent.sy.,
diencephalic periventricular system; hab., habenula; M.F.B.parshyp., medial
forebrain bundle hypothalamic part; M.F.B.parsteg., medial forebrain bundle,
tegmental part; n.dors.lat.ant., nucleus dorsolateralis anterior; n.dors.med.ant.,
nucleus dorsomedialis anterior; olf.proj.tr. + F., olfactory projection tract and
fornix; preop.f., preoptic fibers; st.med., stria medullaris; t.thal., taenia thalami;
tr.hab.ped., tractus habenulo-peduncularis; tr.op.parsaw., tractus opticus pars
axillaris; tr.op.pars marg., tractus opticus pars marginalis; tr.str.hyp., tractus
strio-hypothalamicus; tr.str.tect., tractus strio-tectalis; tr.str.teg.dors., tractus
strio-tegmentalis dorsalis; tr.str.teg.vent., tractus strio-tegmentalis ventralis;
tr.tect.thal.cruc., tractus tecto-thalamicus cruciatus; tr.tect.thal.dors.lat., tractus
tecto-thalamicus dorsolateralis; tr.tect.thal.vent.lat., tractus tecto-thalamieuns
ventrolateralis; fr.thal.str.ant., tractus thalamo-striatalis anterior.
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(’96) has shown neuraxes from nucleus rotundus entering the
thalamo-striatal tract.

At least five of the main thalamic nuclei—nuecleus lateralis,
nucleus rotundus, nucleus medialis anterior, nucleus medialis
posterior, nucleus reuniens (and the associated part of nu-
cleus diagonalis)—are found to be definitely interrelated with
the lateral somatic areas of the forebrain by the above de-
seribed divisions of the dorsal peduncle of the lateral fore-
brain bundle. Some few fibers appear to reach nucleus
postero-centralis, also, although the tract is not large. Thus
the dorsal thalamus and the striatum are intimately interre-
lated and by way of a synapse in the striatum, the dorsal
thalamus and the developing non-olfactory cortex are so con-
nected that the development of the three areas necessarily
goes hand in hand.

In his excellent account of reptilian diencephalon Edinger
(799) has described four divisions of the thalamo-striatal part
of the forebrain bundle in the alligator. These divisions are
in part comparable to those which we have given in the pre-
ceding account, but the differences in interpretation of the
nuclear areas and the fact that the Iidinger figures do not
include drawings of alligator material and are not completely
labeled for these tracts in other reptiles makes the drawing
of accurate comparisons rather difficult. In the following
brief statement of Edinger’s findings the homologous tracts
according to our terminology are given in parentheses. That
observer described a tractus anterior to nucleus anterior
(pars anterior to nucleus dorsolateralis anterior), tractus
medius to nucleus rotundus (probably the exact homologue of
our pars intermedius to that nucleus) tractus internus to
nucleus diffusus (apparently our pars medialis to nucleus
medialis posterior, certainly not the tract to nucleus reuniens)
and a tractus lateralis to the lateral geniculate body (this
tract we have not been able to identify).

In the basal region of the hemisphere and at its point of
entrance into the diencephalon the ventral portion of the lat-
eral forebrain bundle (the ventral peduncle of Kappers) lies
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in close relation with the more dorsal thalamo-striatal paths
(figs. 17-21). As these latter split off the main bundle to
enter the dorsal thalamus, the ventral portion of the bundle
runs directly caudad to the posterior diencephalic and the
mesencephalic regions. We have divided this ventral divi-
sion (figs. 17-26) into three main tracts: tractus strio-hypo-
thalamicus, tractus strio-tegmentalis dorsalis, tractus strio-
tegmentalis ventralis and also a fourth, the tractus
striotectalis. The positions of these have been indicated on
the figures, although it is not possible to draw sharp lines of
demarcation between the various components in the anterior
levels of the diencephalon. '

Tractus strio-hypothalamicus makes up the more ventro-
medial and ventral portion of the lateral forebrain bundle.
In the diencephalon it swings gradually ventrally, becomes
less compact and terminates in the lateral and anterior hypo-
thalamic nuclei (figs. 3,4, 5, 6,7,9). De Lange (’11 and ’13)
emphasizes this component when he speaks of the lateral fore-
brain bundle as the tractus strio-hypothalamicus.

Tractus strio-tegmentalis dorsalis after entering the dien-
cephalon swings almost directly caudad until the posterior
end of the diencephalon is reached, where it comes into rela-
tion with the entopeduncular nucleus (described by Kappers
for reptiles as nucleus entopeduncularis posterior and figured
by him, 21, p. 862, fig. 462 in Crocodilus porosus). Nucleus
entopeduncularis has been identified by various workers on
reptilian brains (Edinger, 99, Beccari, 23 and others). The
fibers of the ventral peduncle, particularly of the dorsal teg-
mental tract (fig. 17), appear to be broken up by this nuclear
mass. How great a number of the fibers synapse here we
have not been able to determine. Some apparently do not
synapse but swing dorsalward into the tegmental region ac-
companied by fibers from nucleus entopeduncularis. None
of our material shows definitely the termination of the tract
within the midbrain. The fiber bundles are accompanied for
a part of their course by fibers of the dorsal supraoptic de-
cussation and are so intermingled with these and with paths
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between the tectum and lower centers that we have been un-
able to reach any definite conclusions regarding their ultimate
termination.

Tractus strio-tegmentalis ventralis (figs. 20-26) is a smaller
bundle of fibers lying ventrolateral to the tractus strio-tectalis
and the tr. strio-tegmentalis dorsalis in their course through
the diencephalon. This ventral strio-tegmental tract has no

Fig. 21 Cross section through the level of the habenular nuclei not far caudad
to the plane of figure 20. The figure is intended particularly to illustrate the
divisions of the supraoptic system. Cajal preparation. X 15. bas.op.r., basal
optic root; corp.gen.lat., corpus geniculatum laterale; ded.supraop.dors., decus-
satio supraoptica dorsalis; dec.supraop.vent.pars dors., decussatio supraoptica
ventralis pars dorsalis; dec.supraop.vent.pars vent., decussatio supraoptica ven-
tralis pars ventralis; di.periwent.sy., diencephalic periventricular system; f.ans.,
fibrae ansulatae; M.F.B.pars hyp., medial forebrain bundle pars hypothalamica;
M.F.B.pars teg., medial forebrain bundle pars tegmentalis; a.dors.lat.ant.,
nucleus dorsolateralis anterior; n.dors.med.ant., nueleus dorsomedialis an-
terior; n.med.hab.pars dors.lat., nucleus medialis habenulae pars dorsolateralis;
n.med.hab.pars vent.med., mnucleus medialis habenulae pars ventromedialis;
olf.proj.tr., olfactory projection tract; olf.proj.ir. 4+ 1., olfactory pro-
jection tract and formix; st.med., stria medullaris; tr.habd.ped., tractus habenulo-
peduncularis; tr.op., tractus opticus; tr.str.tect., tractus strio-tectalis; fr.sir.teg.
dors., tractus strio-tegmentalis dorsalis; fr.sir.teg.went., tractus strio-tegmentalis
ventralis; ir.tect.thal.cruc., tractus tecto-thalamicus ecruciatus; tr.tect.thal.vent.
lat., tractus tecto-thalamicus ventrolateralis; tr.thal.str., tractus thalamo-striatalis;
tr.thal.str.ant., tractus thalamo-striatalis anterior.

Fig. 22 This figure presents a number of the tecto-thalamie connections. Cajal
preparations. X 15. bas.op.r., basal optic root; com.post., commissura posterior;
corp.gen.lat., corpus geniculatum laterale; dec.f.tr.tecto-reuns., decussating fibers
of the tractus tecto-reuniens; dec.supraop.dors., decussatio supraoptica
dorsalis; dec.supraop.vent.pars dors., decussatio supraoptica ventralis pars
dorsalis; dec.supraop.vent.pars vent., decussatio supraoptica ventralis pars
ventralis; f.ans., fibrae ansulatae; M.I'.B. + olf.proj.tr., medial forebrain bundle
and olfactory projection tract; n.ang.subhab., nucleus angularis subhabenularis;
n.dec.supraop.dors., nucleus decussationis supraopticae dorsalis; =n.lent.mes., nu-
cleus lentiformis mesencephali; n.med.ant.thal., nucleus medialis anterior thalami;
n.perivent.hyp., nucleus periventricularis hypothalami; n.reuns., nucleus reuniens;
n.rot., nucleus rotundus; n.tr.tect.thal.cruc., nucleus traeti tecto-thalamiei eru-
ciati (probably to be considered a part of the lateral geniculate complex); tect.
op., tectum opticum; tr.op., tractus opticus; tr.str.fect., tractus strio-tectalis; tr.
str.teg.dors., tractus strio-tegmentalis dorsalis; tr.str.teg.vent., tractus strio-
tegmentalis ventralis; tr.fect.reuns., tractus tecto-reuniems; tr.tect.thal.cruc.,
tractus tecto-thalamicus ecruciatus; tr.tect.thal.dors.med.ant., tractus tecto-thal-
amicus dorsomedialis anterior; tr.tect.thal.med., tractus tecto-thalamicus medialis;
tr.tect.thalwent.lat., tractus tecto-thalamicus ventrolateralis; tr.thal.str.med.,
tractus thalamo-striatalis medialis.
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apparent connection with the entopeduncular nucleus. It
occupies the extreme ventrolateral portion of the lateral fore-
brain bundle, ventral to the strio-tectal portion and forms a
relatively separate tract throughout its course through thala-
mus and mesencephalon. In the latter region it swings some-
what farther ventrolateral, occupying then a position close to
the surface and begins to send fibers (and possibly receives
some as well) to the mesencephalic regions, i.e., the lateral
tegmental areas. In the preparations studied none of these
fibers could be traced to the tectal areas. Gradually the tract
swings ventromedially, distributing to the basal tegmental
regions, just lateral to the nucleus ruber. As the posterior
part of that nucleus is reached, a few of the fibers swing
medialward across the posteriorly running thalamo-bulbo-
spinal path and enter the medial tegmental area. Some of
the fibers appear to turn back with the thalamo-bulbo-spinal
path although it is an unanswered question, if such is the case,
how far they may accompany it. While this connection is
not large, it is relatively significant since it suggests the rela-
tions of the telencephalic centers of higher forms to the basal
tegmental nuclei, particularly to substantia nigra and nu-
cleus ruber. In general this tegmental path is comparable to
the strio-tegmental and strio-rubral paths of higher forms.
Besides this definite path there are scattered bundies of fibers
from the striatum which reach the basal mesencephalic
regions.

Tractus strio-tectalis (figs. 20-26). In addition to the
above described components of the ventral division of the
lateral forebrain bundle which reach the mesencephalon,
there is a more lateral portion (just dorsal to the ventral
strio-tegmental bundle) whose analysis has caused us some
difficulty and whose ultimate termination is still somewhat
open to question. This component, which we have termed
tentatively the tractus strio-tectalis, occupies the more lat-
eral portion of the ventral part of the lateral forebrain bundle
and is somewhat intermingled, as are the majority of the
forebrain tracts, with the fiber bundles of the dorsal supra-
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optic commissure (fig. 25). Behind the level of the posterior
commissure, where the anterior regions of the mesencephalon
are reached, these fibers begin to swing dorsalward (fig. 25)

com.post,
pars dors...—

Com.post.pars vent,

PR

COM.post.pars vent b, — — ¢ \\x;

"L decsupraop vent.pors dors.

trtectreuns. . _ _ _ . _ "] tr. tect. thal, dors. med. ant.

dec.supraop.dors, - j [r : 1\ dec.supraop.vent.pars vent.

o .___basopr,

N tr.str.teg vent,
23

Fig. 23 A cross section illustrating particularly the relations of the two divi-
sions of commissura posterior. Cajal preparation. X 15. bas.op.r., basal optie
root; com.col.sup., commissura colliculi superioris; com.post.pars dors., commissura
posterior pars dorsalis; com.post.pars vent., commissura posterior pars ventralis;
com.post.pars vent.b, that portion of the commissure which passes ventralward
toward the medial longitudinal fasciculus; dec.supraop.dors., decussatio supra-
optiea dorsalis; dec.supraop.vent.pars dors., decussatio supraoptica ventralis pars
dorsalis; dec.supraop.went.pars vent., decussatio supraoptica ventralis pars ven-
tralis; f.ams., fibrae ansulatae; M.F.B., medial forebrain bundle; mes.perivent.sy.,
mesencephalie periventricular system; n.diag., nucleus diagonalis; #n.pretect., nu-
cleus pretectalis; olf.proj.tr., olfactory projection tract; tr.op., tractus opticus;
tr.str.tect., tractus strio-tectalis; tr.str.teg.dors., tractus strio-tegmentalis dorsalis;
tr.str.tegvent., tractus strio-tegmentalis ventralis; {¢r.fect.reuns., tractus tecto-
reuniens; fr.tect.thal.dors.med.ant., traetus tecto-thalamicus dorsomedialis an-
terior; tr.tect.thal.dors.med.post., tractus tecto-thalamicus dorsomedialis posterior;
tr.tect.thal.cruc., tractus teeto-thalamicus erueciatus.
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internal to the basal optic root fibers, from which they can
easily be distinguished by their greater size and relatively
brighter color. (In our silver preparations they are colored
brown while the basal optic root fibers are black.) The strio-
tectal fibers run almost directly dorsalward, swinging a little
medialward as they pass the tractus tecto-reuniens and the
ventral supraoptic system and enter the tectum, where they
distribute to the inner layers. C(ollaterals and apparently
some stem fibers end in the tegmental regions of the mesen-
cephalon along the course of the tract. It is undetermined
whether or not the tract reaches the roof of the midbrain
directly or whether the impulse is carried on by fibers of the
next order after a synapse in tegmental regions. We are
reasonably certain that in part at least the fibers of our tractus.
strio-tectalis reach the optie tectum directly but must admit
that our material is not adequate to answer the question
fully.

Another problem that arises in connection with this strio-
tectal tract is its possible homology with the isthmo-striatal
tract of Edinger (’99). This author has figured in Varanus
a tract from the nucleus isthmi to the striatal regions, com-
parable to one connecting those areas in birds. This isthmo-
striatal tract appears to occupy the place held in the forebrain

Fig. 24 A cross section passing on the left side through the anterior end of
corpus quadrigeminum posterius. Cajal preparation. X 15. ag., aqueduct;
bas.op.r., basal optic root; com.col.sup., commissura colliculi superioris; com.post.
pars vent., commissura posterior pars ventralis; com.post.pars vent.b., commissura
posterior pars ventralis b; corp.post., corpus quadrigeminum posterius; dec.supra-
op.vent.pars.dors., decussatio supraoptica ventralis pars dorsalis; dec.supraop.vent.
pars vent., decussatio supraoptica ventralis pars ventralis; dif.ep., differentiated
ependyma; f.ans., fibrae ansulatae; hem., hemisphere; hyp., hypothalamus; mes.
perivent.sy., mesencephalic periventricular system; M.F.B. 4 olf.proj.tr., medial
forebrain bundle and olfactory projection tract; mn.diag., nucleus diagonalis;
n.pretect., nucleus pretectalis; m.reuns., nucleus reuniens; tect.perivent.f., tectal
periventricular fibers; ir.op., tractus opticus; ir.tect.pretect., tractus tecto-pretec-
talis; t¢r.tect.reuns, tractus tecto-reuniens; tr.tect.thal.cruc., tractus tecto-thala-
micus eruciatus; tr.tect.thal.dors.med.post., tractus tecto-thalamicus dorsomedialis
posterior; tr.str.tect., tractus strio-tectalis; tr.str.teg.dors., tractus strio-tegmen-
talis dorsalis; tr.str.teg.vemt., tractus strio-tegmentalis ventralis; 1-14, see foot-
note, p. 143).
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complex by either our ventral tegmental or strio-tectal tract.
In our material we have been unable to follow either of these
bundles back to nucleus isthmi. This may be due to incom-
plete impregnation of our material or Edinger’s tract may
not be the homologue of those of our description. The direc-
tion of conduction of the strio-tectal tract is not definitely
known.

Tractus hypothalamo-tegmentalis. Besides the longer
paths, relatively short fibers from the various nuclei of the
hypothalamus pass to other nuclei of that region or to the
tegmental part of the midbrain in company with the forebrain
fibers. This connection is strengthened by crossed fibers
between these regions which run with the postoptic fibers (see
discussion of that complex). These are not illustrated in the
figures.

Optic tract (figs. 3-T, 9, 10, 12-14, 16-28)

In the frog, Wlassak (’93) described the optic tract as con-
sisting of three divisions: a larger marginal and smaller
axial and basal portions. The homologue of Wlassak’s larg-
est divigsion of the optic tract is evident in the alligator; the
others are less clearly followed.

In the alligator, the optic fibers on entering the brain form
the marginal bundle (figs. 16-28) which, after crossing in the
optie tract decussation, assumes a position on the lateral bor-
der of the thalamus. In this decussation the fibers are ar-
ranged in relatively large bundles, which interlace in the
chiasma region. A detailed description of this bundle ar-
rangement in alligator was given by Gross (’03). The fiber
bundles run backward and dorsalward, retaining their ex-
treme lateral position until they terminate for the most part
in the tectum mesencephali. They run internal to the extreme
outer cell layer, the stratum zonale, and distribute largely to
the inner band of gray, with which they form the so-called
stratum opticum. Collaterals of the fibers just described,
and a considerable number of terminal fibers as well, end in
the lateral geniculate body. A few fine fibers, whether stem
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or collateral fibers has not been determined, end in the more
lateral portion of the cell mass which we have termed nueleus
dorsolateralis anterior. Possibly they may have previously
synapsed in the lateral geniculate body but we are of the
opinion that such is not the case. The number of these fibers
is small, but their relation with the lateral somatic area of
the thalamus is at least suggestive of the future differentia-
tion in this region of another optic thalamic center, whether
avian or mammalian we are not prepared to say.?

We have not been able to identify, in our alligator material,
an axial bundle distinctly separate from the marginal one.
However, certain of the more dorsal fibers of the optic chiasma
region and those forming the more medial part of the optie
tract swing somewhat away from the main bundle for a short
distance in its course lateralward, intermingling in part with
the extreme lateral portion of the forebrain fibers and then
rejoin the main tract (figs. 19 and 20). These fibers are gray
in color in the silver preparations and are not sharply dif-
ferentiable from the fibers of tractus tecto-thalamicus
cruciatus.

These fibers enter the lateral geniculate body, in the main,
on the ventral and medial aspects of that nucleus. Some
evidently go to the tectum without synapsing in the nuclear
mass; in this course they accompany the ventrolateral tecto-
thalamic path which connects the lateral geniculate and the
deeper layers of the optic tectum. All of these considerations,
namely their difference in staining reaction, their more dorsal
position in the optic chiasma region, their more medial
course, their intimate relation to the supraoptic complex, and
their connection with the deeper layers in the optie tectum,
were described as characteristic of the axial optic bundle in
Necturus (Herrick, ’17). In Necturus, however, the tract
appears to run somewhat deeper in the diencephalon and to
be more distinctly separate from the marginal bundle, while

*The portion ‘n’ of the nuecleus dorsolateralis anterior obviously will ultimately
become a distinet nuclear mass, if the main portion of the nucleus does differen-
tiate into the somatie portion of the mammalian anterior nueleus, as seems at
least possible.
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in Reptilia the two bundles form a more or less continuous
fiber band which maintains in part the characteristics of both
the marginal and axial bundles of Amphibia.

Bellonei (’88) in his work on the central optic connections
in vertebrates described the optic paths in such reptilian
forms as snake, turtle and lizard. He found that in addition
to a superficial optic path there were also found two more or
less distinet, deeper paths. The more lateral of these two
paths crosses by itself and runs for a short distance separate
from the superficial tract and then again joins it. This
appears to be the homologue of our pars axillaris. The more
medial group he deseribes as crossing in the more basal por-
tion of the thalamus and then passing outward and upward
to become in part intermingled with the fibers of the peduncle;
ultimately they rejoin the optic tract. This last described
bundle may be the homologue of the axillary bundle described
by Herrick (’17) for Necturus and by Wlassak (’93) for frog
rather than the tractus opticus pars axillaris of our account.
Our preparations do not show the bundle so described by
Bellonei unless the tractus tecto-thalamicus cruciatus should
prove to be its representative. However, this last mentioned
tract, so far as may be determined in our material, belongs to
the postoptic or supraoptic complex and has been described
by us as one of its components (see description of tractus
tecto-thalamicus cruciatus, p. 186). Cajal (’96) has regarded
a similar bundle in reptiles as composed in part of optic and

Fig. 25 Cross section caudad to figure 24, through corpus quadrigeminum
posterius and hypothalamuns. Note particnlarly the component of commissura
posterior (com.post.parsvent.b) which is passing caudad to this level. Cajal
preparation. X 15. bas.op.r., basal optic root; com.col.sup., commissura colliculi
superioris; com.post.pars vent.b, commissura posterior pars ventralis b; corp.post.,
eorpus quadrigeminum posterius; dec.supraop.vent.pars dors., decussatio supra-
optica ventralis pars dorsalis; dec.supraop.vent.parsvent., decussatio supra-
optica ventralis pars ventralis; mes.perivent.sy., mesencephalic periventricular
system; M.F.B. < olf.proj.tr., medial forebrain bundle and cifactory projection
tract; n.med.mes.V, nucleus medialis of mesencephalic V; n.Z, nucleus Z associated
with tractus tecto-reuniens; perivent.g., periventricular gray; rad.M., radiations
of Meynert; ir.op., tractus opticus; tr.str.fect., tractus strio-tectalis; tr.str.teg.
dors., tractus strio-tegmentalis dorsalis; tr.str.teg.vent., tractus strio-tegmentalis
ventralis; #r.fect.reuns., tractus tecto-reuniemns. 1-14, layers of optie tectum,
see footnote, p. 143,
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Fig. 26 Transverse section through the optic tectum, corpus quadrigeminum
posterius and nuclei of the IIIrd nerve. The figure shows the relative positions
of many of the tracts related to the tectum. Attention is particularly directed
to the tract labeled Z, being the connection between the nucleus of the basal
optie root and the interstitial nucleus of the fusciculus longitudinalis medialis
which was recently deseribed by Beeccari (’23) for Varanus. aq., aqueduct;
bas.op.r., basal optic root; com.col.sup., commissura colliculi superioris; com.
retroinf., commissura retroinfundibularis; corp.post., eorpus quadrigeminum pos-
terius; dec.supraop.vent.pars dors., commissura supracptica ventralis pars dor-
salis; dec.supraop.vent.pars vent., decussatio supraoptica ventralis pars ventralis;
dec.teg.dors., decussatio tegmentalis dorsalis; f.lan., fasciculus longitudinalis
medialis; lem.lat. 4 lem.trig., lemniscus lateralis and lemniscus trigemini; n.bas.
op.r., nucleus of basal optic root; n.inters.f.l.m., nucleus interstitialis of the fas-
ciculus longitudinalis medialis; n.med.mes.V., nucleus medialis of the mesen-
cephalic V; n.rub., nueleus ruber; #n.[I], nueleus I1IIrd nerve; N.IV, IVth nerve;
perivent.g. 4 f., periventricular gray and fibers; rad.M., radiations of Meynert;
tr.op., tractus opticus; tr.str.fect., traetus strio-tectalis; tr.str.teg.vent., tractus
strio-tegmentalis ventralis; #r.tect.bulb., tractus tecto-bulbaris; tr.tect.Dulb.dors.,
tractus tecto-bulbaris dorsalis; tr.tect.bulb.dors.mon-cruc., tractus tecto-bulbaris
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in part of supraoptic fibers but is not certain of these rela-
tions and components. Evidently the only way in which this
question can be definitely answered is by experimental degen-
eration methods and it is our hope that this may be possible
in the near future.

Basal optic root (figs. 20-26). As was previously stated,
Wlassak (’93) described a basal optic bundle in frogs. Her-
rick (’17, p. 243) identified this in Necturus but stated that
his preparations do mnot conclusively demonstrate that its
fibers are derived from the optic nerve. In a later publica-
tion (’25) he says that this doubt in his mind is now removed
and he describes the basal optic tract (tractus opticus acces-
sorius posterior of Bochenek) in Amblystoma and Rana as
part of the tractus opticus system. It is impossible in our
preparations to be certain that the fibers enter with incoming
optic bundles, although the experimental work of Marburg
(’03) and others would appear to indicate that such is the
case. Our material at present is inadequate for determining
the question. Behind the chiasma the bundle continues cau-
dad along the lateral surface of the hypothalamus and ends
about the level of the nuclei of the third nerve, in a cell mass
termed by other workers, the basal optic ganglion (of our ter-
minology, the nucleus of the basal optic root, fig. 26). This
nucleus has a definite connection with the dendrites of the
ventral interstitial nucleus of the median longitudinal fascicu-
lus and with the nuclei of the oculomotor nerve through a
tract previously described in Varanus by Beccari (’23). De
Lange has labeled a tract (’13, figs. 23-27, pp. 99-102) in a
cross-section of the brain of Draco volans the ‘basales opticus
Wurzel.” Presumably this is a tract homologous with our
basal optic root; although no reference has been made to it
in the text. Kappers (’21, p. 864, fig. 463) has copied this
figure from de Lange but the label has been omitted (whether
intentionally or not is unknown).

dorsalis non-cruciatus; tr.tect.thal.cruc., tractus tecto-thalamicus cruciatus; tr.tect.
reuns., tractus tecto-reuniens; tr.thal.bulb., tractus thalamo-bulbaris; Z, tract
between nucleus of the basal optiec root and the interstitial nueleus of the fas-
ciculus longitudinalis medialis and oculomotor nucleus; 1-14, see footnote, p. 143,
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Fig. 27 Transverse section drawn from a Cajal preparation through the
corpus quadrigeminum posterius and the nuclei of the IIlrd nerve. X 15. corp.
post., corpus quadrigeminum posterius; d, fibers of tractus tecto-reuniens and
intermingled ventral supraoptic fibers (pars ventralis); dec.supraop.vent.pars
dors., decussatio supraoptica ventralis pars dorsalis; dec.teg.dors., decussatio teg-
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Tecto-thalamic and thalamo-tectal paths

In the alligator and the turtle the thalamus and the mid-
brain roof are very intimately interrelated by means of a
considerable number of fiber tracts. For convenience in de-
scription these have been subdivided into several groups, yet
they must be regarded as belonging to a broad system of
fibers which connects the thalamus from near its anterior
end and throughout its extent with the midbrain roof. This
constitutes a type of connection which it would seem to us
is of importance in gaining an understanding of the factors
which operated in producing the reptilian thalamus, which
represents so marked an advance in differentiation over the
thalamus of the amphibian brain. Certain of these tracts
are concerned primarily with relating the tectum and the
thalamus of the same side. They have been described below
under the designation of uncrossed tecto-thalamic pathways.
Others are concerned in relating tectum and thalamus of op-
posite sides and in establishing commissural relations be-

mentalis dorsalis; dec.tr.tecto-bulb.vent.cruc., decussatio tracti tecto-bulbaris ven-
tralis ecruciatus; f.l.m., fasciculus longitudinalis medialis; lem.lat. + lem.trig.,
lemniscus lateralis and lemniscus trigemini; mes.perivent.sy., mesencephalic peri-
ventricular system; n.dors.lat.Ill, nucleus dorsolateralis of IIIrd mnerve; n.vent.
med.I1I, nucleus ventromedialis of IIIrd nerve; N.III, IIIrd nerve; perivent.g.,
periventricular gray; tect.op., tectum opticum; t¢r.op., tractus opticus; tr.tect.
bulb.vent., tractus tecto-bulbaris ventralis; tr.tect.bulb.vent.cruc., tractus tecto-
bulbaris ventralis cruciatus; t¢r.thal.bulb., tractus thalamo-bulbaris,

Fig. 28 The plane of this figure is through the most posterior part of corpus
quadrigeminum posterius, being further caudad on the left side. Consequently
on the left side nucleus isthmi and its connections anteriomedialward with corpus
quadrigeminum posterius are to be seen. Cajal preparation. X 15. a, connec-
tion between nucleus isthmi and corpus quadrigeminum posterius; cer., cerebellum;
corp.post., corpus quadrigeminum posterius; d, tractus tecto-reuniens intermingled
with a few fibers of decussatio supraoptieca ventralis pars ventralis; dec.supraop.
vent.pars dors., decussatio supraoptica ventralis pars dorsalis; dec.tr.cer.teg., de-
cussatio traeti cerebelli tegmentalis; f.l.m., fasciculus longitudinalis medialis;
lem.lat., lemniscus lateralis; lem.trig., lemniscus trigemini; n.isth., nucleus isthmi;
nlem.lat.,, nucleus lemnisci lateralis; n.vent.med.IIl, nucleus ventromedialis of
ITIrd mnerve; N.IV, IVth nerve; N.IV + nIV, IVth nerve and nucleus of the
IVth nerve; perivent.g., periventricular gray; tect.op., tectum opticum; tr.cer.
teg.mes., tractus cerecbello-tegmentalis mesencephali; tr.op., tractus opticus;
tr.sp.mes., tractus spino-mesencephalicus; tr.thal.bulb., tractus thalamo-bulbaris.



172

G. CARL HUBER AND ELIZABETH C. CROSBY

sy e o dec.N.IV
dec supranp L : g el
vent pars dors. {20 B

O trspoames.

lem.trig —— 3 tedel T S TR U TR T R A TR R lemlat.
brcertegomes. L RE L SN o N P o gt (NS ST TR L ) nlem.lat.
v.iv
tr.vest.cer. e mesV
i _trcerteg.
L.m.
lemdat,
2 ;3 o lem.trig.
lem.trig. _ % iy : p 7 - ’

" — tr.sp.mes.

‘ . nlemlat.

Yig. 29 TFigure illustrating particularly the relations of nucleus isthmi with
lemniscus lateralis and decussatio supraoptica ventralis pars dorsalis. The
nucleus, root fibers and emergent IVth nerve are also shown.

Transverse section.
Cajal preparation. X 15.

a, eonnection letween nucleus isthmi and corpus
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tween the tecta, hypothalami and thalami. These make up
the so-called supraoptic or postoptic decussations.

1. Unerossed tecto-thalamic and thalamo-tectal paths

For convenience in description the paths have been de-
seribed as if running from the thalamus to the tectum. Cer-
tain of these bundles carry impulses in both directions, while
for others the direction of conduction is as yet not known.
‘Where there is definite knowledge regarding the direction in
which the impulse passes, it is indicated in the nomenclature
of the tract and stated in the deseription of it.

Diencephalic periwentricular system (figs. 19-21). TIn the
silver preparations in the region of nucleus dorsomedialis
anterior thalami, bundles of fine fibers of grayish color run
ventralward to just above the level of the sulecus medius thal-
ami, then swing lateralward across the thalamus ventral to
nucleus lateralis. Then running caudad at the same time
swinging dorsolateralward around the ventrolateral portion
of nucleus lateralis, they join the ventrolateral tecto-thalamic
path and appear to accompany it to nucleus pretectalis and
probably to the tectum (figs. 20 and 21). The diencephalic
periventricular system is joined by small bundles of fibers
from the preoptic and hypothalamic regions.

quadrigeminum posterius; dec.N.IV, decussation of IVth nerve; dec.supraop.
vent.pars.dors., decussatio supraoptica ventralis pars dorsalis; f.l.m., fascieulus
longitudinalis medialis; gran.l., granular layer; lem.lat., lemniscus lateralis;
lem.trig., lemniscus trigemini; mes.V, mesencephalic Vth root; mol.l.,, molecular
layer; N.IV, IVth nerve; n.IV, nucleus of IVth nerve; m.isth., nucleus isthmi;
n.lem.lat., nucleus of lemniscus lateralis; P.c.l., Purkinje cell layer; tr.cer.teg.,
tractus cerebello-tegmentalis; ?r.cer.teg.mes., tractus cerebello-tegmentalis mesen-
cephali; tr.sp.mes., tractus spino-mesencephalicus; tr.thal.buld., tractus thalamo-
bulbaris.

Fig. 30 Transverse section through medulla, on the left side at the level of
the cerebellar peduncle. Cajal preparation. X 15. f.l.m., fasciculus longitu-
dinalis medialis; gran.l., granular layer; lem.lat., lemniscus lateralis; lem.trig.,
lemniscus trigeminus; mes.V., mesencephalic Vth root; mol.l., molecular layer;
n.lem.lat., nucleus lemnisei lateralis; P.c.l.,, Purkinje cell layer; tr.cer.teg., tractus
cerebello-tegmentalis; tr.sp.cer., tractus spino-cerebellaris; tr.sp.mes., tractus
spino-mesencephalicus; tr.west.cer., tractus vestibulo-cerebellaris; tr.thal.bulb.,
tractus thalamo-bulbaris; V.IV, ventriculus quartus.
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Fig. 31 This figure was drawn from a section somewhat caudad to that illus-
trated in figure 30. The cerebellar peduncle is shown here on the right side and
the beginning of the nucleus of motor Vth nerve on the left. Transverse section.
Cajal preparation. X 15. dec.sec.VIII f., decussating secondary VIIIth fibers;
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The diencephalic periventricular system is composed fune-
tionally of the following components: 1) The first type con-
sists of short fibers which form a connection between nucleus
dorsolateralis anterior and nucleus dorsomedialis anterior.
These fibers are not shown in the figures but are easily visible
in the preparations as fibers of short course found on the
dorsal side of the bundle, accompanying it for a part of its
course and interconnecting the above mentioned nuclei. 2)
There are found longer fibers which appear to come from the
pretectal nucleus or the tectum or both. Only in degeneration
preparations could it be determined which of the two regions
is the source of these fibers, since the medial tecto-thalamic
path is so intermingled with the other tecto-thalamic paths
that it becomes impossible to distinguish definitely their
course. These fibers can be observed as forming synaptic
relations with the dendrites of cells of nucleus dorsomedialis
anterior (fig. 8,b) and nucleus dorsolateralis anterior (fig.

dec.tr.cer.teg., decussatio tracti cerebello-tegmentalis; f.l.m., fasciculus longi-
tudinalis medialis; gran.l., granular layer; lem.lat., lemniscus lateralis; lem.trig.,
lemniscus trigemini; mes.V., mesencephalic Vth root; moll.,, molecular layer;
mislabeled n.ang.VIII, n. vest. of VIITth nerve; n.mot.V., nucleus of motor Vth
nerve; n.s.V, nucleus of sensory Vth nerve; N.IV, IVth nerve; N.V., Vth nerve;
P.c.l.,, Purkinje cell layer; sec.V.f., secondary Vth fibers; sec.coch.f., secondary
cochlear fibers; sp.mes.f. to cer., spino-mesencephalic fibers to cerebellum; sup.ol.,
superior olive; ¢r.cer.teg., tractus cerebello-tegmentalis; tr.sp.cer., tractus spino-
cerebellaris; t¢r.sp.mes., tractus spino-mesencephalicus; tr.thal.bulb., tractus
thalamo-bulbaris; tr.trig.cer.dors., tractus trigemino-cerebellaris dorsalis; tr.trig.
cer.went., tractus trigemino-cerebellaris ventralis; tr.vest.cer., tractus vestibulo-
cerebellaris.

Fig. 32 This drawing shows on the right side the nucleus of the motor Vth
nerve and on the left certain of the cochlear nuclei. Transverse section. Cajal
preparation. X 15. dee.mot.V., decussating motor Vth; dec.sec.¥ f., decussating
secondary Vth fibers; dec.sec.V11I f., decussating secondary VIIIth fibers; f.lLm.,
fasciculus longitudinalis medialis; gran.l., granular layer; lem.trig., lemniscus
trigemini; mol.l., molecular layer; n.ang.VI1II, nucleus angularis VIITth; n.lam.,
nucleus laminaris; n.mot.V., nucleus of motor Vth nerve; n.mot.V.(Kappers),
a secondary motor Vth, nucleus according to Kappers; n.sp.¥.tr., nuclens of the
spinal Vth tract; N.west.VIII, vestibular component of VIIIth nerve; N.V. Vth
nerve; P.cl, Purkinje cell layer; ret.g., reticular gray; sec.coch.f., secondary
cochlear fibers; sec.V.f., secondary Vth fibers; st.med.ac., stria medullaris acustiei;
sup.ol., superior olive; tr.sp.cer., tractus spino-cerebellaris; tr.sp.mes., tractus
spino-mesencephalieus.
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Fig. 33 Transverse section through the entrance of the V1IIth nerve showing
two of the main cochlear nuclei. The crossed and uncrossed fibers of stria
medullaris acustici (st.med.ac.) are shown in the drawing and something of
their relation with the triangular shaped portion of the superior olive. Secondary
cochlear fibers running lateralward along the surface of the medulla, particularly
to the upper portion of superior olive are to be seen on the right of the figure.
Cajal preparation. X 15. dec.sec.VIII f., decussating secondary VIIIth fibers;
f.l.m., fasciculus longitudinalis medialis; lem.lat., lemniscus lateralis; N.coch.VIII,
cochlear component of the VIIIth nerve; = .dors.magnocell., nucleus dorsalis
magnoeellularis; n.lem., nuelens laminaris; n.sp.V tr. 4 tr., spinal Vth nueleus
and tract; n.est.VIII., nucleus vestibularis of VIIIth nerve; N.vest.VIII., ves-
tibular VIIIth nerve; N.VI, VIth nerve; sec.coch.f., secondary cochlear fibers;
st.med.ac., stria medullaris acustiei; Sup.ol., superior olive; tr.sp.cer., tractus
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8,a). Some of the cell bodies of the latter nucleus even send
their dendrites toward the midline between the cells of nu-
cleus dorsomedialis anterior in order to reach the dienceph-
alic periventricular system (fig. 8,a). One may safely con-
clude then that the impulses are discharged largely at least
into the thalamus. 3) The small bundle from the preoptic
and hypothalamic regions suggests that these areas may be
under the influence of the tectum, but individual fibers could
not be traced after they had joined the main bundle.

Tractus tecto-thalamicus dorsolateralis. In the anterior
part of the thalamus the fibers of the diencephalic periven-
tricular system lie medial to ventrolateral tecto-thalamic path
and are accompanied on their Jateral border by fine bundles
of fibers which reach the dorsolateral part of nucleus dorso-
lateralis anterior. We have termed the latter bundles tractus
tecto-thalamicus dorsolateralis (fig. 20). The direction of
conduction is, however, not known.

Tractus tecto-thalamicus dorsomedialis anterior (figs. 22—
23). For convenience it is described and named as if it ran
from thalamus to tectum. It connects nucleus rotundus thal-
ami and the optic tectum. In the alligator the fibers appear
In great numbers in the posterior part of the nucleus. They
run directly lateralward until they reach the dorsal division
of the ventral supraoptic decussation on its way to the mid-
brain. They run in part dorsal to the fibers of the decussa-
tion, and in part intermingled with them, and accompany
them to the more peripheral portion of the optic tectum, proh-
ably synapsing in part in nucleus pretectalis (figs. 24-27
included with the tract labeled dec.supraop.vent.pars dors.).

spino-cerebellaris; fr.sp.mes., tractus spino-mesencephalicus; tr.thal.bulb., tractus
thalamo-bulbaris.

Fig. 34 Figure drawn through medulla at the point where the central canal
is beginning to widen out into the fourth ventricle. The drawing was made to
show fasciculus graeilis, faseciculus cuneatus and their associated nuelei. Cajal
preparation. X 15. f.cun., fascieulus cuneatus; f.Lm., fasciculus longitudinalis
medialis; f.sol., fasciculus solitarius; n.grac., nucleus gracilis; n.sp.V tr., nucleus
of the spinal Vth tract; n.X., nueleus Xth nerve; ir.sp.cer., tractus spino-cere-
bellaris; tr.sp.mes., tractus spino-mesencephalicus; ¢r.sp.V., tractus spinalis V.

THE JOURNAL OF COMPARATIVE NEUROLOGY, VOIL. 40, NO. 1
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We do not know positively the direction of conduction of this
path but our Cox preparations indicate that it is in part at
least tecto-thalamie.

In the turtle the fibers of the dorsomedial tecto-thalamic
tract are numerous. A greater number of the fibers appear
to extend no further than nuecleus pretectalis, the tract being
then joined by fibers which run hetween that nucleus and the
tectum (tractus tecto-pretectalis). Otherwise the relations
of the traet in alligator and turtle are very similar.

Tractus tecto-thalamicus dorsomedialis posterior (figs. 23—
24); tractus tecto-thalamicus medialis (fig. 22). The pos-
terior portion of the dorsomedial tecto-thalamic tract arises
from nucleus circularis (and possibly from other nuelei of
the region) and runs across the thalamus as a distinet tract
until its lateral border is reached. There it swings dorsal to
the anterior division of the tract and in company with it and
with the dorsal division of the ventral supraoptic commissure
passes to nucleus pretectalis and tectum. The direction of
conduction is not known. The tract is joined in course by
fibers from the posterior and probably the anterior medial
thalamic nuclei which appear to accompany it to the tectum.
This latter tract (which we have termed tractus tecto-thal-
amicus medialis) is small, consisting in our material of fine
scattered fibers which run dorsalward from the nuclei, across
the fibers of tractus habenulo-peduncularis and then appear
to join tractus dorsomedialis posterior on its ventral side and
accompany it tectalward.

Tractus tecto-reuniens (figs. 23-28). Edinger (’99) has
figured in part the course of the tractus tecto-reuniens in
Varanus (plate 1, figs. 1-3) but has not been able to follow it
to the tectum. Of the nucleus reuniens he says, ‘‘Er hat
grosse multipolare (Yanglionzellen und entsendet nach jeder
Seite markhaltige Nervenfasern, die weithin bis nahe an die
Peripherie des Zwischenhirnes treten, dann aber der Verfol-
gung verloren gehen.”” He believed, however, that they pass
to the tectum, basing his conclusions on an analogous tract in
birds. De Lange (’13) has described and figured a tractus
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tecto-reuniens in several reptiles. In the alligator, the tract
which we believe to be homologous with the tractus tecto-
reuniens of this description runs directly lateralward and
then curves slightly dorsolateralward from the nucleus re-
uniens until it reaches the more lateral portion of the thala-
mus (figs. 22-25) carrying with it some fibers from the op-
posite side (fig. 22). Then we can follow some of the fibers
dorsalward, running medial to the ventral division of the
ventral supraoptic commissure (fig. 26) and ventral to the
mingled fibers of the dorsal supraoptic decussation and the
anterior division of the tractus tecto-thalamicus dorso-
medialis.

The major portion of the fibers of the tractus tecto-reuniens
become intermingled with a nuclear mass which is situated
near the lateral surface of the thalamic wall just above the
lateral forebrain bundle at the level of the nucleus ento-
peduncularis. This nuclens appears to contribute to the
tract tectalward. Nothing short of degeneration prepara-
tions, in our opinion, could settle the question as to what per-
centage of the tecto-reuniens system synapses in this nuclear
mass (labeled nucleus Z in figure 25). We feel reasonably
certain that some of the fibers can be traced dorsalward with-
out synapse in the nucleus. As the tract passes nucleus pre-
tectalis collaterals appear to be given off. It ends chiefly in
the deeper layers of the tectum but some of the fibers, in
company with the pars ventralis of the ventral supraoptic
decussation, pass to corpus quadrigeminum posterius (figs.
28-28, d).

Tractus tecto-pretectalis (fig. 24). Throughout its extent
the nucleus pretectalis, in both the turtle and alligator, is
closely related to the deeper portions of the tectum and its
medial wall on the one hand and to the thalamie nuclei and
particularly to nucleus rotundus on the other. The thalamic
connections have been deseribed with several of the tecto-
thalamic tracts. The fibers which form the connection be-
tween the nuclens pretectalis and the tectum have been desig-
nated the tractus tecto-pretectalis. An examination of the
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figures shows that the bundle forms an integral part of the
tecto-thalamic system.

Tractus tecto-thalamicus ventrolateralis (figs. 19-22).
Tractus tecto-thalamicus ventrolateralis probably conducts in
both directions. For the sake of clearness of description it
is here given as if passing from thalamus to tectum. Arising
partly from the whole extent of the lateral geniculate body,
and including also the lateral part of the dorsal supraoptic
decussation, the fibers of this tract run almost directly dorsal-
ward—somewhat posterior—and just internal to the optie
tract. Intermingled with these are fibers of tractus tecto-
thalamicus cruciatus, which apparently have not synapsed
in the nucleus of the latter tract but are passing directly to
the tectum. When the upper part of the thalamus has been
reached, the tract swings medialward toward the habenula
(fig. 21), however, not reaching it but passing posterior to it
and entering for the most part the medial side of the tectum.
On their way many fibers appear to synapse in nucleus pre-
tectalis and others may reach nucleus lentiformis mesenceph-
ali. From this nucleus fibers pass to the deeper parts of the
tectum and to the medial wall. Anteriorly tractus tecto-
thalamicus dorsolateralis is not sharply separable, on its me-
dial border, from the fibers of the diencephalic periventricular
system. As the more caudal portion of tractus tecto-
thalamicus ventrolateralis is reached, this system is gradu-
ally replaced medialward by the fibers of the tractus tecto-
thalamicus cruciatus (most of which in this region have not
synapsed in nucleus tractus tecto-thalamicus cruciatus) and
by the fibers of the dorsal supraoptic decussation.

The tractus tecto-thalamicus ventrolateralis as found in
the alligator may be said, in general terms, to provide a con-
nection between the lateral geniculate body and the tectum
and in this sense foreshadows the mammalian peduncle of
the superior colliculus. In addition it specifically connects
the nuclear mass associated with tractus tecto-thalamicus
cruciatus (which nucleus (n.tr.tect.thal.cruc., figs. 5, 6 and 22)
we consider at present a part of the lateral geniculate body)
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and the tectum. This latter connection is probably both
crossed and uncrossed and appears to make up the large
portion of the fibers of the tract.

2. Crossed tecto-thalamic and thalamo-tectal paths
(Supraoptic decussations)

The so-called supraoptic or postoptic complex includes
quite a number of more or less distinct fiber tracts, in part
distributing to the same side from which they arise, partly
decussating and partly commissural. Possibly there is no
group of fibers whose relations have seemed more confusing
or whose homologies in the various forms have proved more
baffling than those making up this complex. A number of
investigators, Edinger (’99), de Lange (’13), Cajal (’96),
C. L. Herrick (’93), C. Judson Herrick (’17, in Necturus),
Kappers (’21), Beccari (’23) and others, have described and
figured various components of this complex, but differences
in materials studied and methods and terminology used make
it extremely difficult and in some cases impossible to correlate
the findings. The majority of the accounts deal with medul-
lated fibers. However Cajal and C. J. Herrick used silver
material and in part at least describe the non-medullated
tracts.

For convenience in description, since the various tracts are
relatively distinctly separated by position and medullation,
the complex has been rather arbitrarily divided into a num-
ber of more or less interrelated parts. It was hoped that by
this method the details might be more intelligible to the
reader and it was conjectured that it might be easier to check
the descriptions with those given for other forms.

The following terminology has been employed:

Decussatio supraoptica ventralis
Pars dorsalis
Pars ventralis
Decussatio supraoptica dorsalis
Tractus tecto-thalamicus et hypothalamicus cruciatus
Fibrae ansulatae
Short decussating fibers between preoptic and hypothalamic centers
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Herrick has described in Necturus (’17) a postoptic com-
plex, one very important portion of which is a tractus tecto-
thalamicus et hypothalamicus cruciatus. He has shown it to
be divided into an anterior and a posterior division, the first
being concerned primarily with the superior colliculus and
the latter with tuberculum posterius. The ventral part of the
thalamus, the lateral regions of the hypothalamus and the
so-called nucleus of the tuberculum posterins receive fibers
from each of these divisions. Tractus thalamo-hypothala-
micus et peduncularis cruciatus is also deseribed by Herrick
(’17) in Necturus as another large component of this post-
optic decussation. According to his description, these fibers
arise from the dorsal part of the thalamus, and pass down-
ward lateral to the lateral forebrain bundle. The myelinated
portion of this tract crosses dorsal to the decussating fibers
of the tractus tecto-thalamicus et hypothalamicus eruciatus
and caudad to them and then turns upward and, just above
the lateral forebrain bundle, through which its fibers have
passed, swings back into the ventral part of the thalamus and
the peduncular regions.

The general relations of the parts so described for Am-
phibia will be seen to compare with those in the following
accounts for reptiles. When it comes to homologizing special
tracts one immediately encounters difficulties. In their rela-
tions to the colliculi the anterior and posterior portions of
Herrick’s tractus tecto-thalamicus et hypothalamicus cruci-
atus correspond to the dorsal and ventral divisions of the
commissura supraoptica ventralis of the present deseription,
but so soon as the details are considered the tracts in the two
groups do not wholly agree. In the same way there are cer-
tain points of resemblance between the tractus thalamo-hypo-
thalamicus et peduncularis cruciatus of Necturus and the
dorsal supraoptic decussation of the present deseription but
the homologies must not be considered too closely. Recently
Larsell (’23) has shown in the frog the presence of a com-
missura transversa (comparable in part to the decussatio
supraoptica ventralis, of the present deseription) which ac-
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cording to his account, ends partly in nucleus isthmi. This
nucleus, he believes with Kappers, is to be compared with
the medial geniculate nucleus of higher forms.

It is quite clear that in the alligator and turtle the com-
missura supraoptica ventralis corresponds in the main with
Gudden’s commissure of Mammalia with the exception that
in reptiles the chief connection of this traet is with the tec-
tum, while in mammals it is with the medial geniculate body.
It is, however, not the commissura transversa of Edinger
(’99) which is represented by the dorsal supraoptic decus-
sation.

De Lange (’13, p. 78) has shown in a drawing of a cross
section of Varanus salvator, a mass of fibers in the midline
which he has labeled the decussatio supraoptica. In general
position the tract resembles the dorsal rather than the ventral
supraoptic decussation of the present account. The homolo-
gies here are not quite clear to us, especially since in a series
of outline drawings of the diencephalic and mesencephalic
centers of Alligator sclerops, which occur at the end of his
1913 paper, de Lange undoubtedly has labeled the dorsal
supraoptic commissure of the present account as the trans-
verse decussation.

Kappers (’21) has figured in several reptiles both dorsal
and ventral supraoptic decussations or commissures as he
terms them. The latter is figured in the brain of Crocodilus
porosus (fig. 464, p. 865; figs. 461 and 462, p. 862). The two
divisions mentioned in the present account of Alligator mis-
sissippiensis are grouped as one in Kappers’ account. He
finds that the ventral supraoptic commissure is connected
with the inferior colliculus and possibly with nucleus isthmi,
although this last connection did not stand out definitely in
his preparations. The dorsal supraoptic commissure he con-
siders the homologue of Meynert’s commissure, stating that
it arises first in reptiles, being particularly clear in Croco-
dilia and that it is apparently concerned with the interrelating
of the neostriatal regions. It has not been possible to demon-
strate this connection with the neostriatum in the alligator
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and turtle material available. Quite possibly the tracts are
present but are not impregnated in the silver preparations
used. They are not, however, demonstrable in the material
stained for medullated fibers. Other relations of the decus-
sation are relatively clear, as will be seen from the subsequent
account. In birds, connections of the regions of the neostri-
atum through the dorsal supraoptic decussation, have been
described.

Decussatio supraoptica ventralis, pars dorsalis (figs. 19—
29). In the chiasmal region (fig. 19) of the alligator, these
commissural fibers appear in the midline forming a compact
body of decussating fibers just behind the optic tracts. This
pars dorsalis is the most anterior part of the postoptic com-
plex at its decussation. It then turns posteriorward and lat-
eralward for the first part of its course, and is surrounded
by optic tract fibers (fig. 20). As the optic tract fibers turn
dorsalward, the fibers of this dorsal part of the ventral supra-
optic decussation swing inward and occupy a position internal
to the optic tract fibers, following a course parallel to them,
then pass caudad and dorsalward to the midbrain (figs. 21-
29). During their course through the posterior part of the
thalamus they are joined by the anterior division of the dorso-
medial tecto-thalamic tract, more dorsal fibers of the pars dor-
salis of the decussatio supraoptica ventralis crossing those
of the tractus tecto-thalamicus dorsomedialis anterior at right
angles (fig. 23). Gradually (with the dorsomedial tecto-
thalamic portion occupying in general the more dorsal part
of the bundle) the two become more or less intermingled.
They thus run together to the tectum and apparently dis-
tribute there to the same regions. Near the posterior part of
the thalamus the posterior division of the dorsomedial tecto-
thalamic tract swings inward dorsomedial to the fiber com-
plex and runs to the tectum. Some of its fibers appear to be
mingled with those of the complex just described. Just me-
dial to the main tract lies the pretectal nucleus. The fibers of
the dorsal division of the ventral supraoptic decussation with
their accompanying tecto-thalamic fibers reach the more pe-
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ripheral cell layers of the optic tectum throughout the greater
part of its extent. These are true commissural fibers uniting
the optic tecta of the two sides throughout practically their
whole extent. A small slip of the tract runs back into the
nucleus isthmi (figs. 28 and 29). This nucleus is probably the
forerunner of the medial geniculate body of higher forms
and so this connection, while small, is of considerable theo-
retical interest (see the account of the connections of nucleus
isthmi, p. 206). _

In the turtle (Chrysemys marginata) the dorsal part of the
decussatio supraoptica ventralis consists of a relatively large
mass of fibers which cross behind the optic decussation and
then pass directly dorsolateralward, immediately internal and
somewhat mingled with the optic fibers. Some of them may
synapse as they pass across the thalamus. The material
available is not suitable for answering that question.

Decussatio supraoptica wventralis, pars ventralis (figs.
19-28). At nearly the same level (fig. 19) of the chiasmal
region in which the dorsal part of the ventral supraoptic com-
missure is found but somewhat farther ventralward and
slightly posterior, occurs the ventral division of the ventral
supraoptic decussation. In the alligator these fibers, similar
to those of the dorsal portion, are concerned in part in plac-
ing the tecta of the two sides in relationship with each other.
They are clearly distinguishable from the optic tract, among
which they lie for a part of their course, by reason of their
. more brilliant coloring. After their decussation the dorsal
and ventral portions of the ventral supraoptic decussation
run backward practically as a single band of fibers until they
are separated by the tractus tecto-reuniens which swings in
between them, ventral to the dorsal division. Very shortly
after their separation the ventral part of the ventral supra-
optic decussation begins to swing dorsalward, a few strands
at a time, first between the optic tract and the tractus tecto-
reuniens and then farther dorsalward between the optic tract
and the dorsal part of the ventral supraoptic decussation,
and so reaches the more peripheral cell layers of the tectum,
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where its fibers distribute. Some of the fibers of the tract
appear to join the tractus tecto-reuniens and to distribute
with it to the most posterior part of the optic tectum and to
the corpus quadrigeminum posterius (the combined tracts
have been labeled d in figs. 27 and 28). The corpus quadri-
geminum posterius, it must be remembered, is submerged be-
neath the surface in the alligator and turtle brains and in
certain other reptilian brains.

The above account of the ventral division of the ventral
supraoptic decussation is based on a study of the alligator
brain. In the turtle this tract does not appear as clearly
differentiated from the dorsal division of the decussation (at
least such is the case in the material studied); it lies just
ventral to the latter and keeps that position in its course
across the thalamus to the tectum where it distributes to the
inner cell layers, a small strand of it reaching the postero-
lateral portion of the region as in the alligator.

Tractus tecto-thalamicus cruciatys (figs. 21-26). This
tract appears to be the homologue of the tractus opticus com-
missuralis described in the chameleon by Cajal (’96). Edin-
ger (’99) saw the bundle in reptiles but was not able to decide
fully whether or not it was optic. In our opinion the tract
helongs, at least for the most part, to the postoptic or supra-
optic complex. So far as we have been able to follow the
bundles they decussate in the chiasmal ridge and do not enter
with the optic nerve, though it is self evident that it has not
been possible to follow independently every fiber. Conse-
quently, there may be some optic fibers intermingled with
them. It is hoped that experimental work to be undertaken
in the near future may enable a more decisive answer. The
crossed tecto-thalamie tract appears as a band of fine, un-
medullated fibers which crosses the dorsal part of the chiasmal
ridge and swings internal to the optie tract, from which it is
distinguishable because of the difference in coloring of its
fibers. After being joined by the axones of cells situated in
the more posterior and lateral part of the nuclens preopticus,
and possibly in the hypothalamie nuclei also, the crossed tecto-
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thalamic tract swings between the lateral forebrain bundle
and the ventral supraoptic decussation and, turning dorsal-
ward in this position, reaches its nucleus (nucleus tracti tecto-
thalamici cruciati, figs. 5, 6 and 22) which lies between the
tracts just mentioned and which we have considered with the
lateral geniculate body (p. 122). In this nucleus part of the
fibers of the crossed tecto-thalamie tract end; others pass to
the midbrain without a synapse in this region, accompanying
the ventrolateral tecto-thalamic tract. Some of the more pos-
terior of the crossed tecto-thalamic tract, however, run to the
midbrain as a distinct bundle. In course the fibers of this
bundle run dorsalward, medial to the ventral supraoptic
decussation and the tracts associated with its two portions.
Tractus tecto-thalamicus cruciatus appears to end partly in
nucleus pretectalis (fig. 24); probably other fibers reach the
tectum directly.

Decussatio supraoptica dorsalis (figs. 17-18, 20-23). These
fibers have been figured in the reptilian brain by Kdinger
(799), de Lange (’13), and other observers under the name of
the decussatio transversa, and by Kappers (’21, p. 865, fig.
464) in Crocodilus porosus as decussatio supraoptica dor-
salis (Meynert). In the alligator the fibers making up the
tract cross in the chiasmal ridge in the same bundle as do the
fibers of the lateral part of the crossed tecto-thalamic tract;
then they swing dorsalward and lateralward across the ven-
tral part of the thalamus among the fiber groups of the lat-
eral forebrain bundle. Some of the fibers of this medial part,
especially the more anterior ones, appear to accompany the
thalamo-striatal fibers to the dorsal part of the thalamus. A
large part of the fibers end in the nucleus decussationis supra.
opticae dorsalis which lies in the lateral part of the thalamus
medial to the nucleus tracti tecto-thalamici cruciati. This
nucleus is just dorsal to the lateral forebrain bundle (fig. 17).
This nucleus is probably not the cell mass described by Edin-
ger for reptiles and certainly not the one described later by
de Lange (’13) for these forms as the nucleus decussationis
transversae.
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The posterior fibers of the dorsal supraoptic commissure
run posterocaudad so intermingled with the forebrain bundles
that the ultimate termination of all the parts of the complex
have not been determined. In part they reach the more poste-
rior part of the optic tectum, some of them may synapse in teg-
mental regions but we are not certain of this connection. As
was stated in the general description of the postoptic system
(p. 183) we have been unable to establish any connection with
the neostriatal regions such as Kappers believes to be present.

Fibrae ansulatae (figs. 21-24). The ansulate fibers first ap-
pear as fine darkly staining bundles which cross in the chias-
mal ridge posterior to the components of the supraoptic sys-
tem so far discussed. After their decussation the fibers run
obliquely dorsocaudad and so reach the region medial to the
medial forebrain bundle and the olfactory projection tract.
As they swing caudalward and upward they lie ventral to the
interstitial nucleus of the medial longitudinal fasciculus and
gradually. become a part of that fasciculus. They probably
represent the crossing of certain components of that fascicu-
lus. They have been described by Bellonei (’88) and Bec-
cari ('23). Their relations in the alligator are in agreement
with those described for other reptiles. These fibers are not
the commissura ansulata described by Joustra (’18) and
Larsell (23), which lies in the mesencephalon.

Summary of the fiber systems of the supraoptic decussa-
tions. The writers realize fully that in the foregoing account
of the supraoptic complex the separating of the mass of fibers
into independent tracts represents an arbitrary division of
groups of fibers which functionally are intimately interre-
lated. However, this seemed to offer the best method of
presenting the mass of detail necessary for a clear under-
standing of the various connections of the group. But, while
the finer relations and connections of the various systems are
intricate, the functional pattern of the postoptic complex is
relatively simple. The postoptic decussating fibers consist
primarily of: 1) commissural fibers between the tecta and
between the dorsal and ventral thalami of the two sides; 2)
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crossed and uncrossed thalamo-tectal and tecto-thalamic
tracts; 3) crossed and uncrossed tecto-hypothalamic tracts;
4) commissural fibers between preoptic nuclei and hypothal-
amic regions near the postoptic decussation; 5) the interrela-
tion of components of the medial longitudinal fasciculus
through the fibrae ansulatae. In addition to all these there is
the connection of the ventral supraoptic decussation with the
nucleus isthmi and the tegmental relation of the dorsal supra-
optic system which we have not been able thus far to analyze
completely. Thus it appears that primarily the postoptic
decussation is concerned first, by a system of commissural
and decussating fibers, in putting into felationship_the tectum
of one side with that of the other and the thalamus of one side
with that of the other, and secondly in relating the ventral
part of the thalamus with the tectum. In addition to these
there is the interrelation of bulbar and tegmental areas
through the ansulate commissure and probably part of the
dorsal supraoptic complex. The tracts of the supraoptic com-
plex are partly represented in fishes; the main functional sys-
tems appear to be represented in Amphibia; in reptiles we
find an exaggeration which places it among the outstanding
fiber systems of the tectum and thalamus. This development
is undoubtedly associated with the greater development of
these regions in reptiles as compared with lower forms and
is particularly concerned with the influence which the highly
developed tectum must have on the developing thalamus (see
also the discussion at the end of the paper).

Lemmniscus systems

The secondary ascending sensory pathways are promi-
nently represented in the reptilian brain. Correlated with
this prominence of the secondary ascending pathways is the
appearance of well developed neothalamic centers and of the
neopallial cortex in the forebrain. Several of these ascending
pathways form their chief connections, at least so far as num-
ber of terminating fibers is concerned, within the tectal cen-
ters and then reach thalamie centers through the highly
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developed tecto-thalamic system. Certain of these as-
cending sensory tracts have been quite completely described
for reptiles, while others have been only incidentally men-
tioned. In the following account only a brief summary will
be given of such tracts as correspond with previous descrip-
tions, while more attention will be devoted to details which
appear to represent original matter. The following accounts
present the observations made on the preparations at our
disposal; its incompleteness is fully realized.

1. Trigeminal lemmiscus (figs. 26-32). Kappers (’21) em-
phasizes the probability of trigeminal lemniscus connections,
an assertion based on the size and development of the neo-
thalamic nuclei, although he was unable to identify the traet
in his material. Secondary ascending pathways from the
sensory and spinal Vth nuclei can, in the alligator brain, be
traced cephalad to the tectal centers and represent at least
an anlage of the trigeminal pathways of higher forms,
although they are predominately trigemino-tectal rather than
trigemino-thalamic. It is not possible at every level to de-
mark clearly this tract from other bulbo-thalamic pathways,
since, as in mammals, it tends to form a part of the general
lemniscus system. However, its general position ean be made
out easily.

Throughout the caudal portion of the medulla, fibers can
be seen arising from the nucleus of the spinal Vth tract and
decussating in the midline (fig. 32). After crossing they lie
at first somewhat medialward, but soon swing lateralward
to take a position ventral and medial to the spinal Vth nucleus
and dorsal to the spino-mesencephalie tract. In this ventro-
medial position these trigeminal fibers then run forward, re-
ceiving additional fibers at every level. When the region of
the chief sensory nucleus of the Vth is reached, there is ob-
served a particularly large number of decussating Vth fibers,
which join the tract. Apparently some uncrossed fibers also
enter it, but it is not possible in the material at hand to deter-
mine this fact conclusively. These decussating fibers from
the spinal and sensory nuclei of Vth consist of two main types
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of fibers, which cross together and which can be differentiated
from each other only as they pass to their several destinations.
They are partly trigemino-cerebellar (nucleo-cerebellar or
ventral arcnates—see account of trigeminal connections, p.
214) and partly a trigemino-tectal path, with which latter
path we are at present concerned. As the trigemino-cere-
bellar fibers of Vth pass around the sensory Vth nucleus, the
trigeminal lemmniscus fibers retain their former position
ventro-medial to the nucleus but turn cephalad and pass
toward the tectum and thalamus. In front of the nucleus
they swing dorsalward and so lie in the mesencephalon dorsal
to the forebrain bundles and medial to the lateral fillet. The
more dorsal of the fibers swing upward with the lateral lem-
niscus fibers to end in the deeper layers of the optic tectum
(stratum lemnisci). It is altogether probable that some of
these fibers extend forward into the thalamic region, but they
could not be demonstrated to our complete satisfaction in the
preparations at hand. The path, with some spinal lemniscus
fibers, in all probability runs to the nucleus rotundus.
Throughout its course the trigeminal lemniscus has been in-
ternal to and intimately associated with the lateral lemniscus
until that tract swung forward to the inferior colliculus. The
trigeminal lemniscus, for a part of its course, is closely re-
lated to the spino-mesencephalic path (the forerunner of the
spinal lemniscus system) until the two became separated by
the intervening lateral lemniscus. The three together form
a part of the great sensory ascending system which is collec-
tively known in mammals as the fillet or lemniscus path.

In connection with the other great sensory paths of the
reptilian brain the presence of a dorsal funiculus in the
spinal cord should be mentioned. Zeehandelaar (’19) in
Varanus and Crocodile, has called attention to the presence
of a more anterior nucleus of Goll (nucleus gracilis) and a
more posterior nucleus of Burdach (nucleus cuneatus). In
Alligator mississippiensis two nuclear groups, not always
entirely distinet, have been identified in connection with the
dorsal funiculus (fig. 34). The medial nucleus (nucleus of
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Goll) extends through nearly the posterior half of the medulla
up to about the level of the nucleus magno-cellularis of the
cochlear VIITth. Its cells are scattered among the fibers of
the fasciculus. From these cells a secondary tract can be
traced downward and then medialward where it joins the
decussating fibers coming from the nucleus of the spinal Vth.
It undoubtedly decussates with these spinal Vth fibers and
possibly accompanies them cephalad (see, however, tr. thal-
amo-bulbaris, p. 201). These decussating fibers probably
constitute the beginning of the medial fillet of higher forms
as the term is used in its more limited sense, i.e., exclusive of
spinal and trigeminal lemnisci, although in the material avail-
able there is no evidence that they reach the higher centers.

2. Lateral lemniscus (figs. 26-33). Beceari (’12), de Lange
(’16), Schepman (’18), and Joustra (’18), have all contributed
to our understanding of the cochlear component of the VIIIth
nerve in reptilian forms. Beccari (’12) worked particularly
with Lacerta muralis, de Lange (’16) studied a variety of
reptilian forms, among them giving figures of Alligator
sclerops (de Lange’s figures are also copied by Kappers, 21,
pp. 400-401, figs. 182 and 183). Schepman (’18) presents
figures of crocodile (Kappers, ’21, fig. 184, p. 402, since
Schepman’s original paper was not available). A summary
of the results of these workers is given by Kappers and it
is unnecessary here to go into the details of the position of
the cochlear nuclei and the distribution of their various com-
ponents except in so far as they directly concern the midbrain
centers with which this communication deals more particu-
larly. The bulbar centers and the secondary cochlear con-
nections are in part labeled in our figures and are, so far as
we have studied them, essentially the same in Alligator mis-
sissippiensis as in previously described reptilian forms.

The superior olive in the alligator, as Kappers has pointed
out, really consists of two main nuclear masses. The larger,
posterior portion is irregularly triangular in cross section
and lies in intimate relation with the crossed and uncrossed
fibers of stria medullaris acustici. Gradually this portion
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decreases in size and disappears except ventralward where
it becomes more or less continuous with a smaller cell group
to which the name of superior olive is also applied, and which
runs forward for some distance in company with the lateral
lemniscus fibers.

The tract with which we are particularly concerned in this
account is the lateral lemniscus. This arises in morphologic
relation with the superior olive, although our silver prepara-
tions do not permit us to trace axones of its cells into the
tract. Consequently the relation may be merely one of posi-
tion rather than actual synaptic relation. Part of the fibers
pass with no evident synaptic relation in course from the
cochlear nuclei, particularly nucleus dorsalis magnocellularis,
directly into the lateral lemniscus by way of striae medullares
acustici, crossed and uncrossed, without coming into synaptic
relation with the olive. From the level of the upper region
of the superior olive the lateral lemniscus fibers swing dor-
salward and forward toward the dorsal regions of the mid-
brain, where the larger portion of them turn medialward to
distribute to the corpus quadrigeminum posterius and the
smaller number dorsomedially to the optic tectum (figs. 26
and 27). Thus both these areas receive the secondary cochlear
impulses, although the corpus quadrigeminum posterius re-
ceives much the larger amount of fibers. Lateral lemniscus
fibers end in nucleus isthmi and fibers from that nuclear mass
pass to the corpus quadrigeminum posterius (the peduncle
of the inferior colliculus). Groups of cells forming the nu-
cleus of the lateral lemniscus may be found more or less inter-
mingled among the fibers of that bundle.

Accompanying the lateral lemniscus, really combining with
it to form a broad fillet path, are the secondary trigeminal
fibers medially and the spino-mesencephalic tract laterally.
All of these reach the optic tectum but the lateral lemnisens
is concerned primarily with corpus quadrigeminum posterius.
The last two may reach the dorsal diencephalic centers,
although the evidence for this latter connection is not clear
at present. Here are represented the great sensory ascending
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pathways which together with the optic are making possible
the differentiation of the great somatic sensory centers of
the forebrain, thalamus and tectum.

3. Tractus spino-mesencephalicus (figs. 28-34). In Kap-
pers’ recent book (’21, p. 849, fig. 452) under the discussion
of the midbrain and diencephalon of reptiles he has shown a
cross section of a chameleon brain with a tract labeled tractus
spino-mesencephalicus. The following reference is made to
it in the text: ‘‘Direkt unterhalb des Endkernes der lateralen
Schleife, im Anschluss an ihn, enden auch bei den Reptilien
sekundidre Fasern des spinalen Trigeminuskernes; vitale
Fdinger’sche Fasern des Kopfes, vielleicht begleitet von sol-
chen aus dem Riickenmarke selber. Von diesen Fasern be-
geben sich mehrere in die tiefen Schichten des Tectums (T'r.
spino- et bulbo-mesencephalicus et tectalis), das sich dadurch
als ein Korrelationsgebiet von optischen und vitalen sensiblen
Reizen kennzeichnet.”’

The spinal component is relatively clear in Alligator mis-
sissippiensis and has suggestive relations. As the tract ap-
pears at the upper levels of the cord and the lower levels of
the medulla it lies just ventral to the spino-cerebellar fascicu-
lus (fig. 34), and as that fasciculus swings dorsolateralward
around the lateral border of the spinal nucleus of the Vth, the
spino-mesencephalic tract also turns a little dorsalward but
for the most part runs almost directly cephalad, in the ventro-
lateral position which it has occupied since its entrance to the
medulla. This keeps it ventromedial to the spinal Vth nucleus
(figs. 32, 33) and, as the upper border of the superior olive
is reached, ventrolateral to the superior olive (fig. 31) and
later lateral to the lateral lemniscus and as the lemniscus
swings dorsalward the fibers of the spino-mesencephalic tract
are not clearly definable from it (fiz. 31). Tractus spino-
mesencephalicus is crossed by secondary cochlear fibers from
the tuberculum acusticum to the superior olive and lies partly
medial to and is slightly crossed by the emergent roots of
motor Vth. In front of the sensory Vth nucleus part of the
fibers of the tract swing upward toward the ascending cere-
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bellar tracts (fig. 31) and so enter the anterior part of the
cerebellum, running to the roof nuclei of both the same and
the opposite side. The number of these cerebellar fibers is
relatively small but the position and relations suggest the
ventral spino-cerebellar tract of mammalian forms. (It is
not to be inferred however that the spino-cerebellar tract pre-
viously described is necessarily the homologue of the dorsal
spino-cerebellar tract of higher forms. Observers in general
have been inclined to consider it the homologue of a part of
Gowers’ complex. The cells of origin of neither tract are
known in the alligator material). In front of the level of the
sensory Vth tract the lateral lemniscus swings dorsolateral-
ward to enter the nucleus isthmi and the tectal regions. It
becomes closely associated laterally with this spino-mesen-
cephalic tract which distributes with it to the optic tectal
regions; some of the fibers swing forward to enter the more
anterior portions of the tectum and the adjoining mesenceph-
alic region. Possibly some reach corpus quadrigeminum pos-
terins within the lateral lemniscus. Other fibers of this tract
may reach the posterior part of the diencephalon. However,
this statement I1s made tentatively since they are so inter-
mingled with other fibers that it becomes impossible to be
certain just which components become diencephalic. It has
seemed to us that this traet is possibly the anlage of the
spino-thalamic tract of mammals. It is undoubtedly the
homologue of spino-tectal tracts described for several forms.
Considered from the standpoint of function, it is probably
not so essential to determine whether the tract reaches the
dorsal thalamus directly, since with the broad tectal connec-
tions which are present in the highly developed tecto-thalamic
system, the impulse may readily be brought to diencephalic
centers. The trigeminal component of this tract which Kap-
pers emphasizes in his account (see the quotation at the be-
ginning of this section) is also clearly present in the alli-
gator. It is composed apparently of crossed fibers from the
sensory nucleus of the other side—part of the ventral arcu-
ates—a considerable proportion of which distribute as a sepa-
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rate nucleo-cerebellar tract to the cerebellum (see account of
the trigeminal connections). The rest join the spino-mesen-
cephalic tract, the fibers intermingling with this fiber bundle.
So far as the preparations available show, the two systems
become indistinguishable from each other. 1t affords another
trigemino-tectal system. Other trigeminal fibers of the sec-
ond order as has been previously stated, accompany the lat-
eral lemniscus path cephalad to reach tectum and thalamus.

Summary. A consideration of the significance of the rep-
tilian lemniscus systems will be reserved until the discussion
at the conclusion of this communication. However, there
are certain considerations of special interest which may well
be emphasized at this time. They are as follows: 1) The
anlagen for all the main ascending sensory systems of Mam-
malia are represented in the reptilian brain with the excep-
tion of a clearly defined medial lemniscus system and even
for that there are evident anlagen. 2) The presence of these
systems is associated with the presence of a relatively well
developed neothalamus and a neopallial cortex—a point
which has been emphasized by Edinger and Kappers. 3)
‘While these lemnisci are associated undoubtedly with the de-
veloping neothalamus and in part may reach that region
directly, it must be remembered that their main connections
are with the tectal region, particularly with the optic tectum.
In the brain of Alligator mississippiensis this represents the
region of the highest development. All the great sensory
paths tend to converge here. Much of the thalamic differen-
tiation is under the influence of the tectum and molded very
largely by the bulbo-tectal and optic tracts and then by the
tecto-thalamic connections.

Posterior commissure

This commissure (figs. 22-25) is divided into the two gen-
eral divisions, commonly recognized in birds. The more
ventral portion begins close to the habenular commissure.
In association with this division are found the three nuclei
which have been recently described by Beccari (’23) for
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Varanus and which had been identified previously, in part at
least, by de Lange (’13) and Kappers (’21) for various Rep-
tilia, particularly for Chelone. We found it exceedingly diffi-
cult to homologize the findings of the various observers with
one another and with our own material. The following brief
survey attempts such a homology so far as our present ma-
terial will permit.

A large celled nuclear mass surrounds the more laterally
directed fibers of the ventral division of the posterior com-
missure (fig. 12). This is the nucleus of the posterior com-
missure described by de Lange for turtle and probably the
nucleus dorsalis of the posterior commissure of Beccari’s
terminology. That the nuclei of the two sides are related
through the posterior commissure is evident in our alligator
material. That these nuclear masses are crossed by fibers of
the dorsal supraoptic system and that they may be in syn-
aptic relation with this system is also easily recognizable in
our material. A bed nucleus is found partly scattered among
the commissural fibers and partly ventral to them. This con-
sists of smaller, more scattered cells except along the ven-
tral border where the cells are arranged in relatively definite
rows. This ventral portion blends with the cell mass known
as the nucleus interstitialis of the posterior commissure (Bec-
cari, ’23) although the latter consists of larger cells (fig. 10).
The interstitial nucleus is particularly associated with those
fibers of the posterior commissure which turn ventralward
toward the medial longitudinal fasciculus. A separate por-
tion of these interstitial cells form the ventromedial group
of Beccari’s terminology and are so labeled in our figures
(fig. 10). Fibers of the posterior commissure come into rela-
tion with the medial longitudinal fasciculus in our material,
apparently forming one of its components. This agrees with
Held’s views regarding the components in Mammalia (Elliot
Smith in Cunningham’s Anatomy), but Edinger thought the
tract should be considered a separate one although in apposi-
tion with the medial longitudinal fasciculus. The posterior
commissure component is indistinguishable from the other
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components of the fasciculus in the reptilian material avail-
able. Other fibers of the ventral component of the posterior
commissure appear to be in synaptic relation with nucleus
circularis and nucleus lentiformis mesencephali and quite
possibly with the dorsocaudal portion of the thalamus gen-
erally, although they are so intermingled in the region that
it is difficult to trace the individual fibers with any degree of
assurance. Short fibers are contributed from the periven-
tricular gray.

The dorsal division of the posterior commissure (fig. 23),
the anterior limit of which lies somewhat caudad to that of
the ventral division, contains many more fibers than does the
ventral part. Posteriorly it cannot be sharply differentiated
from the commissure of the superior colliculus. This dorsal
division of the posterior commissure is concerned, in so far
as it is known to us, almost exclusively in interrelating the
tectal regions of the midbrain. The connection is broad, rela-
tively larger than in forms below reptiles and in mammals,
and its development goes hand in hand with the great size and
apparently great importance (if one may judge by the num-
ber and variety of the tectal fiber connections) of the tectal
centers in Reptilia.

Commissure of the superior colliculus (figs. 23 and 26)

The optic tecta are interrelated by a commissure which is
continuous in front with the dorsal division of the posterior
commissure and which extends caudad above the ventricle
throughout the extent of the optic tectum. While relatively
small at any one level, taken as a whole a considerable num-
ber of fibers decussate in it. There appear to be fibers cross-
ing in it from all of the various fiber layers of the optic tec-
tum. Just under the commissure, in the midline and between
it and the ventricle, lie the cell bodies of the medial portion
of the mesencephalic nucleus of the trigeminal nerve.
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Fasciculus longitudinalis medialis (figs. 14-16, 26-31)

This fasciculus in the alligator, as in other vertebrates, ex-
tends dorsocaudad from the nucleus of the medial longitudinal
fasciculus (figs. 10, 12, 13, 26) to the level of the nuclei of the
oculomotor nerves. It lies slightly lateral and ventral to
these nuclei and consequently near the floor of the ventricle
and close to the midline. It occupies this position in relation
to the floor of the ventricle throughout its course in midbrain
and medulla until it becomes continuous with the ventral
ground bundle of the cord.

Fasciculus longitudinalis medialis in the various vertebrate
types has received considerable attention from observers.
Associated with its study are the names of Kolliker (’93),
Pedro Ramén y Cajal (’97), de Lange (’07), Flechsig (’11)
and many others. The methods most generally employed,
aside from the study of normal material, were those of opera-
tive experimentation or of the study of embryological devel-
opment associated, as it is, with different periods of myelini-
zation of the various components (Flechsig, ’11). A detailed
account of various fiber bundles, particularly in Mammalia,
together with a summary of the more important literature,
may be found in the texts of Cajal (’11) and Kolliker (’93)
or in the report of de Lange (’07) before the International
Congress of Psychiatry and Neurology. An account of this
literature would unnecessarily lengthen the present paper
and only such references are given as pertain directly to rep-
tilian material. To this latter group belongs the work of
Cajal (’97), as it relates to this fasciculus in reptiles. He
found the tract in Varanus consisted of ascending paths from
the reticular gray of the bulb, the nuecleus of Deiters and the
trigeminal centers, while the descending paths were con-
tributed by the nucleus of Edinger, the optic lobes and the
thalamic nucleus of the fasciculus. Interfascicular gray pro-
vided both ascending and descending fibers. From the pos-
terior commissure were fibers, part of which on reaching
the fasciculus made a T-shaped division and contributed both
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ascending and descending bundles. He deseribed commis-
sural fibers from the fasciculus which accompanied the post-
optic or supraoptic decussation and crossed in the posterior
part of the chiasmal ridge. (These are the fibrae ansulata
of other observers.)

The components of the medial longitudinal fasciculus, as
far as we could obtain them in our material, agree substan-
tially with those given by Cajal and in part by Bececari (23).
Experimental research and degeneration material would be
necessary for a complete and satisfactory analysis. Our
results may be briefly summarized as follows.

Fasciculus longitudinalis medialis receives homolateral and
contralateral fibers from Deiters’ nucleus (not illustrated)
and also fibers from the nucleus magnocellularis (Beccari,
'12; de Lange, '13; Kappers, '20). The larger proportion
of the fibers are crossed. The nuclei of the eye-muscle nerves
(figs. 26-29) are interrelated through this fasciculus. As the
dorsal tecto-spinal tract swings ventro-medialward toward its
partial decussation in the dorsal fountain or dorsal tegmental
decussation of Meynert (fig. 26) tectal fibers accompany it
on its medial border and enter the fasciculus longitudinalis
medialis. These are partly crossed and partly uncrossed.
Some fibers of the posterior commissure (figs. 24-25; also see
the account of this system) enter the fasciculus directly,
others only after a synapse in the nucleus of that commissure.
These appear to be entirely uncrossed.

There appears to be a contribution to the medial longi-
tudinal fasciculus from the cerebello-tegmental (or cerebello-
motor) tracts (figs. 30-31). This contribution consists of
fiber bands which connect various ones of the cranial nerve
nuclei with the cerebellum, the fibers running only for short
distances. Our material suggests a connection of the trigemi-
nal centers with the medial longitudinal fasciculus, but one is
not certain that the fibers do not swing dorsalward without
any real connection. The relation of the fibers of the ansulate
commissure with the fasciculus which was deseribed by Edin-
ger and Cajal and more recently by Bececari (’23) is plainly
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evident in the material. The significance of this crossing has
not been ascertained as yet.

Fasciculus geniculatus descendens (figs. 17 and 18), Fascicu-
lus pretectalis descendens (figs. 17, 18)

In 1923, Beccari described in Varanus a descending tract
from the lateral geniculate body which he termed the fascicu-
lus geniculatus descendens and another from the geniculato
pretectale, known as fasciculus pretectalis descendens. There
are indications of these tracts in our silver preparations but
they are so intermingled with the fibers of other systems that
it has not been possible to follow them definitely in this ma-
terial. They are more evident in the preparations stained
for medullated fibers, although even there they are not as
clear and complete ‘as one could wish. We have been able in
the sagittal series to carry them back to the posterior end of
the diencephalon, but beyond that point they could not be
differentiated from the other fiber bundles of the region. We
know nothing of the direction of conduction. Fibers from
the nucleus pretectalis appear to join the fasciculus pretec-
talis descendens. Figures 17 and 18 illustrate these fasciculi
in Alligator mississippiensis.

Tractus thalamo-bulbaris (figs. 26-30)

In figure 26, a fair sized, cross cut fiber bundle has been
labeled tractus thalamo-bulbaris, following the terminology
of de Lange (’13) who has given the name of tractus thalamo-
bulbo-spinalis to a similarly situated tract in Varanus. Ceph-
alad to figure 26, this bundle breaks up into smaller groups
of fibers which are so intermingled with the dorsally running
fibers of the dorsal supraoptic and dorsal strio-tegmental
systems that it is not possible to indicate them accurately in
the drawings although they are more or less distinguishable
in the preparations because of their lighter staining and
their cross cut appearance. Behind the level of figure 26,
they gradually swing ventralward and become so closely re-
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lated with the ventral tecto-bulbar system, that in our prepa-
rations the two tracts from this level on are indistinguishable
from each other. The bundle can be traced into the bulb re-
gion; there are even indications that it receives or gives
fibers which have their termination or origin on the other side
of the bulb, decussating fibers apparently being associated
with the tract.

As must be clear from the above account, although we have
used the terminology of de Lange, we have no evidence for
the direction of conduction nor the nucleus of origin of the
thalamo-bulbar path. As a matter of fact its relation to the
ventrolateral area of the diencephalon is strongly suggestive
of an ascending sensory system rather than a descending
path. This is particularly true if one has regard for Kap
pers’ view that the ventrolateral area represents the anlage
for the ventral and lateral thalamic nueclei of higher forms
(p. 132). Every effort was made to homologize the thalamo-
bulbar tract of our deseription with an ascending sensory
system, possibly even medial lemniscus, but our material at
present affords no direct evidence for such a homology. Con-
sequently the foregoing description must be regarded as in-
complete and the nomenclature as tentative.

Descending paths from tectal centers

A considerable amount of work, in part experimental, has
been devoted to an analysis of the descending tracts of the
quadrigeminal bodies in various forms. It is unnecessary
here to go into a complete review of the literature; accounts of
some of the more outstanding results are to be found in the
papers of Pawlov (’00) and de Lange (’10). Certain points,
however, are of special interest. Munzer and Weiner (’98)
described the uncrossed superficial tecto-bulbar tract in birds
(the ventral tecto-bulbar of our terminology). They belicved
it had its termination in a gray mass which they considered
the homologue of the mammalian trapezoid body. Pawlov
described a similar tract in Mammalia under the name of
fasciculus tecto-tuberantialis. However, he found no con-
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nection of this tract with the trapezoid nucleus but rather with
the homolateral pontine gray. De Lange (’10) in rabbits de-
scribed an uncrossed ventral tecto-bulbar path as terminating
in relation to the pontine nuclei. Dorsal tecto-bulbar and
crossed ventral tecto-bulbar tracts were described by de
Lange for rabbit. De Lange (10 and ’13) has described the
tecto-bulbar tracts in various reptiles, more particularly Va-
ranus and Chelone. The following account of the tracts in
Alligator mississippiensis shows that they present the rela-
tions typical for reptiles and mammals.

Tractus tecto-bulbaris dorsalis (fig. 26). The cell bodies of
the neurons, the neuraxes of which form the dorsal tecto-
bulbar tract, lie in the optic tectum. These neuraxes run
ventromedially along the outer margin of the periventricular
gray forming the radiations of Meynert; a certain number of
collaterals and possibly certain stem fibers reaching that area
(fig. 26). A certain proportion of them course medially just
ventral to the medial longitudinal fasciculus, from which it
is not possible to differentiate them thereafter. This tract
is undounbtedly homologous with the medial tecto-spinal path
of Mammalia. De Lange has described it for Reptilia and
figured it in Varanus salvator (’13, p. 121). The decussation
of this tract is the homologue of the mammalian dorsal foun-
tain decussation (figs. 26-27).

Accompanying these crossed fibers ventralward but lying
lateral to them is an uncrossed portion of the complex. It
has been labeled the uncrossed tractus tecto-bulbaris dorsalis.
This latter tract does not decussate in the midline, but turns
caundalward as an uncrossed path lying mediodorsal to the
thalamo-bulbar path during its course through the midbrain.
It could not be followed through the medulla in the material
studied. It probably reaches the cord and so is homologous
with the mammalian tract of the same name. De Lange (’13)
mentions this uncrossed part of the dorsal tecto-bulbar tract.

Tractus tecto-bulbaris ventralis (fig. 27). In figure 27 are
shown the decussating fibers of the ventral tecto-bulbar tract
already described for several reptiles as a partially decussat-
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ing and partially non-decussating tract (Varanus and Che-
lone, particularly by de Lange, '13). The fibers arise in the
tectal region, and pass ventralward in separate strands and
near the ventral part of the midbrain turn caudalward, partly
before and partly after crossing. The tract from this point
on is not very clear in the material available.

Mesencephalic periventricular system

In our material the mesencephalic periventricular system,
which is composed of fine fibers of grayish black color, forms
a distinet band connecting the more dorsal portions of the
mesencephalon with the hypothalamic regions. Its fibers
arise in part from the deeper fiber layers of the optic tectum
(layers 2, 4, and part of 6 of Cajal’s description, Cajal, 96,
and de Lange, 11, figs. 37-39, p. 115). They follow the course
of the ventricle except that for the most part they pass ven-
tral to the anterior attachment of the corpus quadrigeminum
posterius as it bulges inward under the optic tectum (fig. 24).
Some few fibers which pass to the ventricular margin of the
corpus quadrigeminum posterius appear to contributé to this
tract (fig. 24). The tract, maintaining its periventricular po-
sition, passes medialward and then ventralward to end in the
ventral thalamic and the hypothalamic regions (figs. 24, 25).
In the more dorsal part of their course the above described
periventricular fibers are accompanied by bands of fibers
which enter the corpus quadrigeminum posterius surrounding
it peripherally on all sides and so forming a layer of fibers
which in all directions penetrates the cell mass from its sur-
face (fig. 24). These fibers, as is evident, interrelate the optic
and auditory mesencephalic centers. The posterior part of
this mesencephalic periventricular system both receives and
gives fibers to the central gray and connects that region as
well as the tectum with hypothalamic and interpeduncular
areas. The tract here is much smaller but still discernible.
Some of its fibers appear to reach the nucleus of the ITIrd
nerve (figs. 26, 27). Behind the nucleus of the third nerve the
periventricular system becomes much reduced ; the tectal com-
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ponent appears to be lost, so far as could be determined, and
the mesencephalic periventricular system becomes continuous
with the short fibers making up the bulbar periventricular
system. In the region of the IVth nucleus, near the line be-
tween bulb and the mesencephalon, fibers from the cerebello-
tegmental system contribute to the central gray and so come
into relation with the periventricular system.

It will be seen from the above account that the so-called
periventricular system does not consist of a single tract, but
of a series of fiber tracts which may be subdivided into two
main portions: 1) an anterior portion concerned primarily
with the interrelating of the tectum, ventral thalamus, and
hypothalamus; 2) a posterior portion exhibiting some of these
connections but concerned primarily with tecto-tegmental
connections. The direction of conduction is unknown; quite
probably the fibers may carry impulses in both directions.
Some of these fibers, however, conduct impulses from the
basal centers to the tectum, since Cajal (’11, p. 213) in his
chrome silver pictures of the optic tectum of Lacerta muralis
has shown that the layers to which these fibers may be traced
are made up of neuraxes which synapse with the dendrites of
the cell layers directly overlying them.

The periventricular system deserves special emphasis with
reference to the following consideration. This system is
essentially a dorsoventral correlation system in contrast to
the anterioposterior correlation tract furnished by the fas-
ciculus longitudinalis medialis. The periventricular system
connects nuclei which lie in neighboring or closely related
cross-sectional areas, but yet widely separated. This separa-
tion may be, in some cases, in a dorsoventral direction, as is
the case with the tecto-hypothalamic components. Some of
the fibers of the system are intrinsic to the mesencephalon.
They belong essentially to the regional correlation system
rather than to the longitudinal conducting pathways, and un-
doubtedly represent the elaboration of a system, phylogeneti-
cally as old as the vertebrate nervous system.
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Fiber connections of the nucleus isthm:

The presence of the nucleus isthmi in certain reptiles has
already been demonstrated; for example, by Joustra (’18)
and Kappers (’21) in the chameleon. In Alligator mississip-
piensis (figs. 15, 18, 28 and 29) it lies at the level of the emer-
gent root of the IVth nerve where the medulla is going over
into the mesencephalon and occupies a dorsolateral position
close to the surface of the brain and just behind the corpus
quadrigeminum posterius. In all forms in which it has been
described, including Reptilia, it has been shown to be essen-
tially a way-station in the course of the lateral lemniscus.
It receives both terminal and collateral fibers of that tract.
It has a distinct connection with the corpus quadrigeminum
posterius, this bundle being indicated in figures 28 and 29
under the label a. This is in all probability mainly a quadri-
gemino-isthmal path.

The bundles which connect the nucleus isthmi and the optie
tectum (the isthmo-tectal tract of Kappers, ’21) are not so
clear in the silver preparations and so are not labeled in the
figures. They are very evident in our Weigert preparations
running dorsally and forward from the upper portion of the
nucleus to the tectum. This description is in agreement with
that given by Larsell (’24) for frog, in which form his silver
preparations permitted the recognition of both tecto-isthmal
and isthmo-tectal fibers. Without doubt both are present in
the alligator. In amphibians (Larsell, ’24) the nucleus isthmi
has been shown to receive fibers from his transverse decussa-
tion (commissure of Gudden, ventral supraoptic decussation
of our terminology). Kappers speaks of being unable to
definitely establish a connection of his decussatio supraoptica
ventralis with nucleus isthmi. In the preparations available
for study in a series of Alligator mississippiensis prepared by
the Cajal method such a connection is demonstrable (figs. 28
and 29). An account of its relations and connections is given
in this communication under the description of the dorsal
division of the ventral supraoptic decussation. This conneec-
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tion has considerable significance, since it means certainly a
commissural connection between two nuclei isthmi and pos-
sibly also a crossed interrelation between them and the tecta
of the two sides. Larsell (°24) has shown that both afferent
and efferent impulses reach nucleus isthmi in the frog.

Optic fibers have been traced to this nucleus in reptiles by
several observers. Bellonci (’88), who has carefully studied
this region, has claimed their presence, but Kappers (’21)
and his students were unable to find this optic connection in
the material at their disposal. This optic connection cannot
be demonstrated in the series of sections of the nervous sys-
tem of Alligator mississippiensis nor of Chrysemys mar-
ginata at hand in this laboratory. Fine commissural fibers
interconnect the two nuelei, crossing in the anterior medul-
lary velum.

Joustra (’18) and Kappers (’21) have pointed out that
nucleus isthmi of reptiles is in all probability the forerunner
of the mammalian medial geniculate body. It certainly receives
connections which are characteristic of that nucleus in higher
forms, namely the lateral lemniscus fibers. Its connection
with the corpus quadrigeminum posterius becomes the homo-
logue of the mammalian peduncle of the inferior colliculus.
A third connection, which Kappers could not demonstrate to
his satisfaction in the material at his disposal, can be demon-
strated in our preparations of Alligator mississippiensis;
namely, the homologue of the mammalian Gudden’s commis-
sure, the decussatio supraoptica ventralis pars dorsalis of
the present account.

Larsell (’24) has described the presence of the nucleus
isthmi in the frog, obtaining essentially the same connections
as those described for reptiles. He believes with Kappers
that the nucleus is the homologue of the mammalian medial
geniculate body, at least in the frog.

In the sagittal sections of Chrysemys marginata which are
at hand, the nucleus isthmi stands out very clearly as a dis-
tinctly rounded mass just behind the optic tectum and caundad
and lateral to the inferior collicular region. It lies just in
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front of the decussating IVth nerve. Its connections are the
same as those described for Alligator mississippiensis ex-
cept that the connection through the ventral supraoptic com-
missure cannot be clearly traced in our material. The fiber
path between the nucleus isthmi and the teetum is particularly
well impregnated in a chrome-silver sagittal series and shows
that there is a quite extensive connection between the two
areas.

In the cell preparations of our collection, nucleus isthmi is
seen to consist of two nuclear masses, a larger lateral portion
and a smaller medial portion (fig. 15).

Cerebellar connections

Many of the fiber tracts which characterize the cerebellum
of higher forms are to be found in Reptilia. Certain of these
have been described previously for reptiles. Where this is
the case, their relations will be briefly summarized in the
following account, with references to the literature where a
more complete description may be found. Other tracts, which
so far as is known to us have not been previously deseribed
for the reptilian brain, will be given a more detailed account-
ing. The tracts found in the brain of the Alligator missis-
sippiensis in the materials available for study were as
follows:

Tractus cerebello-tegmentalis mesencephali (fig. 29). Kap-
pers (21, p. 687) describes such a tract under the name of
brachium conjunctivam anterius. He says of it:

Die wichtigste eferente Bahn ist das Brachium conjunctivum an-
tertus, dessen Ursprungsverhéltnisse sechwer zu ermitteln sind. Sie
scheinen wenigstens teilweise aus Zellen hervorzugehen, welche im
vordern Abschnitt der Kleinhirn-Oblongata-Verbindung einen Xern
bilden, lateral und frontal von den bereits erwihnten Dachkernen.
Wahrscheinlich entstehen sie auch teilweise aus den Dachkernen
selber. Die Zahl dieser Fasern ist relativ gering; ein ebenso grosses

Siuger-Kleinhirn hat deren viel mehr (dort sind jedoch auch die
Nuclei dentati, oder laterale Kleinhirnkerne, ganz stark entwickeit).

There are no figures illustrating its position in reptiles
and, so far as is known to us, no more definite account of it.
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It is believed that the tract called the cerebello-tegmentalis
mesencephali in the following description represents this
brachium conjunctivum anterius of Kappers.

The cells of origin of tractus cerebello-tegmentalis mesen-
cephali appear to us to lie partly in the deeper and more cen-
tral gray stratum of the cerebellum and partly in a small nu-
cleus which Kappers has mentioned as the possible homologue
of the nucleus dentatus of higher forms. The fibers swing
ventralward around the ventricle just cephalad to the cere-
bello-tegmental tract and decussate under the fasciculus lon-
gitudinalis medialis, but relatively farther dorsalward than
in higher forms. After their decussation the fibers turn ceph-
alad to the tegmental areas of the midbrain in the region of
the nucleus ruber, but it has not been possible to determine
that they actually come into relation with that nuclear mass.
These fibers give off collaterals to the tegmental region of
the same and opposite side during their course. The tract
with its nucleus of origin is discerned relatively more clearly
in the sagittal series of Chrysemys marginata than in the sil-
ver preparations of the alligator brain.

Larsell (’23) described a brachium conjunctivum in the
frog. He regarded it as arising in part from the nucleus cere-
belli, while other fibers were added from the more dorsal
region of the cerebellum. These latter, he believed, were
probably axones of Purkinje cells. After leaving the cere-
bellum the fibers ran downward and forward and decussated
to the other side, through a commissure which he termed the
ansulate commissure. After decussation the fibers could be
followed forward in the stratum griseum but could not be
traced to their final termination. The ansulate commissure
of Larsell’s description we believe to be homologous with the
one so figured by Joustra (’18). The commissure indicated
by this latter worker lies in the posterior mesencephalic re-
gion at the level of the posterior quadrigeminal body; conse-
quently it is homologous, at least in part, with our decussa-
tion of the cerebello-tegmental tract (fig. 28). It appears
obvious that the commissura ansulata to which Larsell refers
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can not be regarded as the homologue of the fibrae ansulatae
of Bellonei (’88), of Kappers (’21), Bececari (’23) or of our
own account. If we are correct in our interpretation of Lar-
sell’s nomenclature, the tract described by him as the bra-
chium conjunctivam of frog agrees substantially with the
tractus cerebello-tegmentalis mesencephali of our descrip-
tiomn.

Tractus cerebello-tegmentalis (figs. 30-31). This tract
comprises a portion of the inferior cerebellar commissure,
which has been described as consisting in part at least of
efferent cerebellar fibers (Kappers, ’21). Many of the fibers
of this cerebello-tegmental tract arise from the same side of
the cerebellum. They swing medialward, being continuous
anteriorly with the fibers of the tractus cerebello-tegmentalis
mesencephali, suggesting that the tractus cerebello-tegmen-
talis mesencephali may probably be regarded as a differen-
tiated portion of the cerebello-tegmental tract. The traect
sends fibers to the motor Vth nucleus, dorsal to which it
passes (fig. 31) and then decussates in the midline ventral to
the fasciculus longitudinalis medialis to which they give col-
laterals and possibly also stem fibers, both before and after
decussation (fig. 31). Some small bundles derived from the
cerebello-tegmental tract can be traced to the reticular nuclei,
not as clearly defined tracts but as small bundles of fibers.
In general, they spread into the gray of the upper medulla
homologous with the tegmental regions of the pons of the
higher forms. This tract places the motor nuclei of Vth and
undoubtedly other bulbar nuclei under the influence of the
cerebellum, this in part through the connection with the fas-
ciculus longitudinalis medialis. Tractus cerebello-tegmentalis
is evidently figured by Kappers (21, p. 685, fig. 369) for
Crocodilus porosus under the name of tractus cerebello-
motoris.

Tractus spino-cerebellaris (figs. 30-34). This traet has
been so generally recognized (Edinger, ’08; de Lange, ’16;
Kappers, 21, and others) that only the briefest -account of it
need be given, since in Alligator mississippiensis it has essen
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tially the same relations described for other reptiles. It runs
along the lateral surface of the medulla at first ventral to the
spinal Vth nucleus, gradually turns dorsalward swinging lat-
eral to this nucleus and enters the cerebellum along the antero-
lateral margin of its attachment to the brain stem. After its
entrance some of the fibers swing dorsalward at once and
then running forward end in the granular cell layer close to
the Purkinje cells. The majority of fibers turn almost directly
medialward and cross to the opposite side, where they reach
the deeper portions of the cerebellar gray. Their exact ter-
mination is not known. In horizontal sections of Chrysemys
marginata which were studied, this tract is clearly evident.
It has the same relations as those just desecribed for the
alligator.

Attention should be drawn here to the small cerebellar
component which accompanies the tractus spino-mesenceph-
alicus in the alligator. Its course has been described under
the account of that tract (see description of lemniscus sys-
tems). Its position and relations suggest Gowers’ ventral
spino-cerebellar tract of mammals, although it may be that
the reptilian spino-cerebellar tract also carries fibers which in
higher forms are incorporated in Gowers’ tract. Suitably
prepared material of the reptilian cord is not at present
available for determining this question.

Tractus wvestibulo-cerebellaris and cerebello-vestibularis
(figs. 30-31). These tracts are present, and have been pre-
viously described for reptiles (Beccari, '12; Kappers, *21)
so that special consideration need not be given themj; they
are mentioned to call attention to their position as shown in
the figures. The fibers arise and end in Deiters’ nucleus and
the anterior cerebellar nuclei. Associated with this is the
tractus cochleo-vestibulo-cerebellaris (Kappers, ’20) which
comes from the nucleus laminaris and Deiters’ nucleus, swings
dorsalward along the dorso-lateral border of the medulla
above the vestibulo-cerebellar tract, and enters the cerebellum
near the posterior border of the peduncle. Both the cochleo-
vestibulo-cerebellar and the vestibulo-cerebellar tracts appear
to be associated primarily with the roof nueclei.
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Tractus tecto-cerebellaris. This tract (not illustrated) ap-
pears in the series of the Chrysemys marginata. It has not
been possible to identify it in the alligator series, though this
seems due to incomplete impregnation rather than to absence
of the tract. In Chrysemys it passes ventralward from the
more caudal portion of the optic tectum, then turns caudal-
ward swinging below the decussating fibers of the IVth nerve
and so soon as the anterior border of the cerebellum is reached
turns dorsalward, distributing in its anterior portion to the
granular layer just under the Purkinje cells. Throughout
its course it occupies a relatively medial position, lateral,
however, to the mesencephalic root of the Vth nerve. This
tract has been described for vertebrates below reptiles and
for mammals, but not previously for Reptilia.

Trigeminal connections

The sensory nuclel of the trigeminal nerve within the
medulla and the cells of origin for the motor root of that
nerve have been described and figured for various reptiles,
among them the Alligator sklerops (Kappers, ’20), so that
only a brief summary of the relations of these primary cen-
ters as observed in Alligator mississippiensis will be given.
This seems necessary so as to afford a background for the
description of the secondary and tertiary connections by
means of which impulses brought in by this nerve are carried
to other brain centers.

The position of the motor nucleus may be observed by con-
sulting figures 11, 15, 31 and 32. The motor nucleus lies at
the level of exit of the motor fibers. Its typically large cells
lie medial to the sensory nucleus and form an eminence on
the floor of the fourth ventricle. Neuraxes from these cell
bodies can be traced unmistakably into the root fibers, so that
in part at least the motor fibers are homolateral. Contra-
lateral fibers are possibly also present, for there is a broad
connection between the trigeminal motor nuclei and certain
of the decussating fibers appear to pass directly into the root
(fig. 32). The evidence is not as clear as for the homolateral
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fibers. A smaller, more ventrally placed motor nucleus
has been described for Crocodilia by Kappers (’21). Its
position is indicated in figure 32, but we have no knowledge
of its connections.

The descending or spinal root of the Vth and its associated
gray are very large in the alligator. It forms one of the
most conspicuous fiber and cell masses in the lateral half of
the medulla from the point of entrance of the sensory Vth
fibers to the beginning of the cord, where it goes over into the
dorsal horn and its associated tract. Its most cephalad por-
tion is enlarged and shows much cellular structure with some
evidence of cell grouping; this portion is comparable to the
chief sensory nucleus of higher forms. It is interesting in
this connection to note that the somatic component of the
Xth nerve, while not large in reptiles, is comparatively dis-
tinct and sends its fibers in part at least into the nucleus of
the spinal Vth tract. Consequently the tracts arising from
this nucleus, whether nucleo-cerebellar or to tectum and dien-
cephalon, may carry impulses which have entered the medulla
through the Xth nerve as well as the Vth.

The mesencephalic root of the Vth can be traced forward
in the Weigert series to the tectal portion of the midbrain
where its cells of origin lie near the midplane and just over
the aqueduct. In the alligator material the cells are not par-
ticularly well impregnated so that, although the large oval
cell bodies (figs. 15, 25, 26) stand out clearly, it is not possible
to determine much in regard to the processes. In some of the
turtle material, certain cells of the nucleus are fairly well
impregnated and it can be seen that some of them are appar-
ently multipolar cells and others unipolar.

The cells of the mesencephalic root of the Vth have been
accurately plotted for Alligator sclerops by van Valkenburg
(’11, p. 382). He divided them into a medial group and a
lateral and intermediate group. He found the great majority
of the cells, particularly those of the medial group, in the
rostral third of the tectum. The cells of the medial group
are particularly evident in our preparations and are labeled
in the figures 15, 25 and 26.
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It will be seen from the foregoing account, which agrees in
general with previous deseriptions for reptiles, that the tri-
geminal nuclei are relatively highly developed in the rep-
tilian brain. Consequently one expects to find numerous and
important secondary connections.

Kappers has pointed out that the increased size and dif-
ferentiation of primary trigeminal centers and the develop-
ment of the thalamic nucleus rotundus undoubtedly go hand
in hand and predicts the presence of a Vth lemniscus although
he could not differentiate it in the material studied (for a
discussion of this see the account of the trigeminal lemniscus).
Kappers speaks also in general terms of connections with
other bulbar nuclei and states that many of the decussating
fibers so clearly arising from the sensory Vth nuclei are
concerned with this function. In the following account the
connections of the sensory and motor nuclei are given
separately.

The cells which make up the nucleus of the descending root
of the Vth and its chief sensory nucleus send neuraxes across
the midline forming a distinet trigeminal decussation (fig. 32).
Certain of these fibers distribute to bulbar centers as Kappers
has pointed out. The chief sensory nucleus sends many short
fibers into the motor Vth nuclens of the same side. Other
fibers appear to pass through the homolateral motor nucleus
and, crossing with the motor decussating fibers, pass to the
motor Vth of the other side, but the fibers are too intermingled
to be certain of this connection.

The trigemino-cerebellar connections (fig. 31) are well de-
veloped in the alligator. They are of two types, crossed and
uncrossed. The uncrossed fibers (tractus trigemino-cerebel-
laris dorsalis) pass dorsomedially from their cell bodies in
the chief sensory nucleus and, passing just lateral to the
motor nucleus of the Vth, turn dorsalward into the cerebellar
peduncle and swing up into the cerebellum (fig. 31). Other
fibers (tractus trigemino-cerebellaris ventralis) cross as de-
cussating V fibers to the other side and passing directly lat-
eralward take a position at first just ventral to the sensory V
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nucleus and dorsal to the lateral lemniscus. They swing
gradually dorsalward around the spinal V nucleus, oceupying
a position on the extreme lateral border of the medulla until
the upper border of the sensory nucleus is reached, then they
turn dorso-medially and enter the cerebellum (fig. 31). These
represent the Vth component of the ventral superficial arcu-
ates of higher forms. Fibers from the fifth nucleus of the
same side join them but the path is chiefly a crossed path.
Besides these fibers from the chief sensory nucleus of V to
the cerebellum, there are fibers from the spinal Vth nucleus
at various levels which reach the cerebellum, since the ascend-
ing secondary trigeminal path (which we have termed the
trigeminal lemniscus) contributes to the ventral trigemino-
cerebellar tract just described. Behind the level of the sen-
sory V nucleus fibers from the spinal portion contribute to the
dorsal nucleo-cerebellar tract. As was mentioned previously,
there are probably impulses entering through the somatic sen
sory component of the vagus which, after a synapse, send
their impulses to the cerebellum along with those which have
come in by way of V. .

In addition to these connections, Kappers has raised the
question of the entrance of direct root fibers of the Vth into
the cerebellum, much after the way in which direct vestibular
fibers reach that center. These direct root fibers of the Vth,
entering as a part of the sensory root, appear to join the
nucleo-cerebellar fibers from the sensory Vth nuecleus without
synapsing in that nucleus. However, they are so intermingled
with these nucleo-cerebellar fibers that it has not been possible
to trace them through individually and thus be certain of
their ultimate course. They appear to pass directly to the
cerebellum. They are not shown in the drawings.

DISCUSSION

It is evident that a pattern exists in the reptilian midbrain
and thalamus which markedly foreshadows the econdition
found in the brains of higher forms. In the alligator one
finds the structure suggestive in particular of avian forms,
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yet showing many relations characteristic of mammalian
types. Since this is the case, a brief survey of these conditions
and a discussion of the possible significance seems to us
justified.

The cerebellum in the alligator presents practically all the
main fiber connections which have been described for the
mammalian superior and inferior cerebellar peduncles and
which are characteristic of the mammalian vermis. In our
materials the least clearly differentiated of these is the cere-
bello-rubral tract. Purkinje cerebellar cells are present and
well developed as are also the molecular and granular layers;
probably also the anlage of a dentate nucleus. The cerebellum
has no hemispheres, nor has it brachia pontis, with their
characteristic cortico-ponto-cerebellar paths. This is to be
expected in a brain in which the highest cortical association
centers apparently are lacking as vet.

In the tectal regions, the homologues of both the superior
and inferior colliculi are present, although the inferior col-
liculi or corpora quadrigemina posteriora do not lie on the
surface, as in mammalian forms, but are rolled in adjacent
to the ventricle. In Reptilia, the corpus quadrigeminum pos-
terius does not show a high degree of cellular differentiation
or arrangement but it presents the characteristie connections
with the lateral lemniscus which mark it as a tectal acoustic
correlation center. Associated with this tectal center and
interrelated with it by a broad fiber tract, which may be re-
garded as the forerunner of the brachium of the corpus quad-
rigeminum posterius, or the peduncle of the inferior colliculus,
is the so-called nucleus isthmi. This nucleus receives direct
fibers from the lateral lemniscus and also, in the alligator at
least, from the dorsal division of the ventral supraoptic com-
missure, in part the commissura transversa of Gudden. These
connections would appear to indicate, as Kappers has already
pointed out, that the reptilian nucleus isthmi is the forerunner
of the medial geniculate body of higher forms. It is frue
that the reptilian nucleus isthmi lies relatively farther candad
than does the mammalian medial geniculate in reference to
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the corpus quadrigeminum posterius in Mammalia. This is
explicable on two grounds. In the first place, the reptilian
corpus posterius lies relatively farther cephalad because it
is rolled in under the optic tectum instead of lying on the
surface as in higher forms. In the second place, the more
important connections of the nucleus isthmi at this phylo-
genetic state probably are caudad rather than cephalad.

Within the optic tectum or the superior collicular region
one finds a remarkably distinet differentiation of the nuclear
mass into layers clearly comparable with the avian conditions,
and exhibiting rather more differentiation than one finds in
Mammalia. The optic tectum far surpasses the cortical areas
of the reptilian hemispheres, both in number of layers and
cellular differentiation within the layers, with the possible
exception of the layer of projection cells within the hippo-
campus (Crosby, '17). Optic fibers distribute to its outer cell
layers throughout practically its entire extent. Many of the
lateral lemniscus fibers to this region as well as to the corpus
quadrigeminum posterius bring with them trigeminal lemnis-
cus and spinotectal fibers, these latter being the forerunner
of the spinal lemniscus fibers of higher forms. Thus the su-
perior colliculus represents primarily a center for optic cor-
relations, but the resultant impulses will be greatly modified
by the impulses brought in by other lemniscus systems.

The transition areas in the posterior part of the dienceph-
alon and the beginning of the mesencephalon near the highly
developed tectal regions are occupied in part by a group of
nuclel which serve as way-stations between the tectal areas
and other centers. To this group belong nucleus pretectalis,
nucleus lentiformis (de Lange, ’13), ‘geniculato pretectalis’
(Beccari), and possibly other of the nuclear masses in this
region. These nuclei serve partly as receptive centers for
incoming stimuli, passing toward the tectal areas (nucleus
pretectalis, for example), and partly as centers of distribution
for outgoing impulses.

One of the most noticeable features is the intimate relation
existing between the roof of the midbrain and the centers of
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the diencephalon, many of which are connected with the tectum
by one or more fiber tracts, so that a large proportion of the
fiber tracts of these regions belong to the tecto-thalamic or
thalamo-tectal type. The decussating components of this
type, as well as a considerable number of commissural fibers
between the tecta or thalami of the two sides, have been shown
to be provided for by the postoptic complex.

This intimate inferrelation between the optic tectum and
the thalamus has put the developing somatic centers of the
dorsal thalamic region particularly under the influence of
the somatic impulses which have been correlated in the highly
differentiated tectum. Into this same dorsal thalamus come
also optic fibers (to the lateral geniculate body). It is possi-
ble that trigeminal and spinal lemniscus fibers may reach
nucleus rotundus; certainly the impulses will do so after a
synapse in the tectum. In contrast with the thalamus of
lower forms, the dorsal somatic centers, the neothalamic re-
gions in the reptile, show a great advanece in richness of fiber
connections and in nuclear differentiation and approach the
condition found in birds and lower mammals.

Johnston (°15), Crosby (’17) and others have shown that
in the anterior part of the hemisphere, folded inward into
intimate relation with the underlying striatal complex and
lying out in the dorsolateral hemisphere wall, there is a cor-
tex which is concerned primarily with the correlation and
association of non-olfactory impulses. This region is closely
related to the dorsal regions of the thalamus by way of the
lateral forebrain tract, thus providing ample opportunity for
sensory material correlated in these thalamic nuclei to reach
the developing cortex. The development of the somatic thala-
mic centers and of the non-olfactory cortex within the hemi-
sphere go hand in hand, the former providing the highly cor-
related material which is apparently a prerequisite for cor-
tical development, the latter taking this highly correlated
material and spreading it out through thin layers of cells,
beginning the pattern of projection centers which is clearly
marked out in lower mammalian brains (Elliot Smith, ’10).
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However, it must be borne in mind that the advance in the
thalamie pattern is in turn made possible by the development
and differentiation of the bulbar and midbrain centers. There
has been progress in all these regions, a striking example of
the interrelation and interdependence of the various parts of
the vertebrate central nervous system.

The nuclei of the dorsal thalamus which are concerned par-
ticularly in the interrelation and correlation of tectal and
forebrain centers and which serve as way-stations for ascend-
ing paths from lower centers to forebrain are nucleus me-
dialis, anterior and posterior, nucleus rotundus and nucleus
reuniens (probably the forerunner of the mammalian nucleus
medialis), in part nucleus dorsolateralis anterior and possibly
nucleus posterocentralis. A short résumé of their main con-
nections may be useful. A

Nucleus rotundus, nucleus medialis anterior and posterior,
and nucleus reuniens, Kappers regards as forming a medial
group which, from certain similarities of connections and ar-
rangement, suggests the medial nucleus of mammalian forms.
He regards nucleus rotundus, probably inclusive of our nu-
cleus medialis posterior, as the homologue of the large-celled
medial nucleus, nucleus reuniens as massa intermedia, and
nucleus medialis anterior as the smaller-celled mammalian
medial nucleus. There is little doubt in our minds that these
nuclear masses, exclusive of nucleus rotundus, are the repre-
sentatives of the medial group in higher animals but the
determination of the position of nucleus rotundus in the evo-
lutionary development is dependent upon a greater knowl-
edge of its fiber relations in the various forms than we at
present possess. Particularly desirable would be a demon-
stration of its connections with the lemniscus systems, if per-
chance this connection is present in the alligator. Whatever
one may say of the homologies, certain outstanding fiber
connections are suggestive of possible differences in activity
in these nuclear groups. KEach of the four nuclear masses
has its own definite, distinect fiber connection with the striatum
on the one hand and with the tectum on the other. It has not
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been possible so far to carry direct lemniscus impulses into
any of these centers, but impulses brought forward by these
systems undoubtedly reach the areas by tectal connections
and may even form direct connections.

Nucleus dorsolateralis anterior is related to the hemi-
spheres by fibers which in part at least are thalamo-striatal.
It receives impulses from the tectum although the connection
is small, as far as one may judge from the fibers impregnated
in our material. It does not receive direct lemniscus fibers so
far as known, but must receive indirectly some impulses
ascending to optic tectum by way of the trigeminal system.
It is larger, but in cell type and general position appears to
accord with the nucleus lateralis described for turtle. It is
the probable homologue of some avian somatic nucleus, even
possibly of mammalian nucleus lateralis, although at present
we have little direct evidence to prove the latter assumption,
and are inclined to think such is not the case. It is not to be
regarded as the homologue of the nucleus ventrolateralis
figured by Kappers (’21) for reptiles, which cell mass he
regards as representing the combined nucleus lateralis and
nucleus ventralis of Mammalia. To our minds it appears
most probable, from the facts now available, that the nucleus
dorsolateralis anterior is the anlage of the somatic portion
of the anterior nucleus of higher forms but the data are not
at present sufficient for a final statement regarding the homol-
ogy. In this connection the nucleus dorsomedialis anterior
may be considered.

This nucleus is the forerunner of a part of the nucleus
anterior of higher forms. It probably receives mamillo-
thalamic fibers (de Lange and Beccari) ; it certainly is inter-
related with the preoptic areas, the surrounding thalamic
nuclei and the tectum. It receives few fibers from the striatal
regions, so far as our preparations show. It forms only the
dorsomedial portion of the nuclear mass which Kappers con-
siders nucleus anterior in Alligator sklerops, the lateral por-
tion being occupied by a large celled nucleus which we have
termed nucleus dorsolateralis anterior. It does not appear
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from the findings in our material that nucleus dersomedialis
anterior of our nomenclature is primarily a somatic center.
One may, however, regard the nucleus dorsolateralis anterior,
as we have stated previously, as the anlage of the portion of
the nucleus anterior in Mammalia which has connections with
the frontal cortical areas or the somatic part of nucleuns
anterior.

Lateral geniculate body in Reptilia is relatively very large
and receives incoming optic fibers. It is intimately interre-
lated with the tectal areas, and is connected with lower cen-
ters, as is indicated in our material and has been clearly
shown by Beccari (’23). 1t does not show any definite con-
nections with the forebrain bundle in our material and Bee-
cari apparently found none in Varanus. The peduncle which
Edinger considered as running forward into the hemisphere,
Beceari (23) homologizes with his descending path. On
these grounds this latter author raises the question as to the
real homology of the mammalian with the reptilian lateral
geniculate body.

It would appear to us that even the absence of a connection
of the lateral geniculate body with the telencephalic centers
is not to be regarded necessarily as an indication that that
nuclear mass is other than a forerunner of the mammalian
nucleus of the same name. Rather it indicates that phylo-
genetically the nuclear group differentiates as a way station
for fibers passing to and from the tectum. The marked dif-
ferentiation of these tectal areas affords a center for high
optic correlation and the forebrain connections develop con-
sequently late. We would regard as related conditions the
great tectal development and the absence of any large optic
connection forward into the forebrain. The intimate relation
of the lateral geniculate body and the optic tectum is main-
tained throughout phylogeny. This has a special indication
in the relative position of the nuclear mass. In lower verte-
brates (Amphibia and Reptilia) this nucleus begins relatively
far forward in the thalamic regions. As the rest of the dorsal
thalamus becomes more highly differentiated phylogeneti-



2922 G. CARL HUBER AND ELIZABETH C. CROSBY

cally, the lateral geniculate body maintains its relation to
the tectum and so becomes relatively farther posterior until
it forms part of the metathalamic region in higher forms. It
is doubtful if this would have occurred if early there had
been a stronger and more intimate interrelation between the
telencephalon and the optic thalamic centers than between
the tectum and these same thalamic areas.

In a paper now in press Herrick (’25) has demonstrated
the presence in certain Amphibia (frog) of a connection be-
tween the thalamic optic center, presumably the anlage of the
lateral geniculate body of higher forms, and the forebrain
areas. On this ground one would certainly expect to find a
telencephalic connection for the lateral geniculate body of
Reptilia. Such a connection does not appear to be demon-
strable in the material available. Everyone familiar with
silver impregnation methods realizes that the lack of a given
fiber tract in such material must always be regarded as nega-
tive rather than positive evidence for the actual absence of
the fiber system. We are still of the opinion, however, that
the relative shifting of the lateral geniculate body during
phylogeny from a comparatively anterior to a distinetly pos-
terior position is indicative that tectal rather than telenceph-
alic connections play the predominant réle in its development
in earlier phylogenetic stages.

In contrast with the optic thalamic centers the medial
group of thalamic nuclei early acquire large forebrain con-
nections. In the reptilian thalamus these nuclei lie in the
middle and posterior regions of the diencephalon, behind the
anterior end of the lateral geniculate body. As development
goes on the former differentiate cephalad and become en-
tirely anterior to the last mentioned nucleus. The pattern
laid down here in turn determines that of the cortical regions
of the forebrain.

Johnston (’16) has shown that in reptiles (particularly in
turtle and lizard) the most anterior somatic cortex can be
proved experimentally to belong to the motor type. Recently,
Bagley and Richter (’24) have demonstrated, by electrical



THALAMUS AND MIDBRAIN OF THE ALLIGATOR 223

stimulation, the presence in the alligator of a motor area
which is situated mainly in the anterior, dorsal portion of
the hemisphere but which, to quote these authors, ‘‘does not
coincide absolutely with any one definite cytoarchitectonic
field’’. According to the evidence in the present paper the
sensory impulses extending furthest anterior in their course
from thalamus to forebrain belong to the general sensory
type and as they have striatal connections during early phy-
logenetic development it is to be expected that they will be
represented next in the cortex and that their projection cen-
ter will lie just posterior to that of the motor. The presence
of such an area for reptiles has not as yet been demonstrated.

The optic cortical center of higher forms according to this
reasoning one would expect to find farther posterior since
the thalamo-cortical component for the optic system becomes
of great importance later in evolutionary history. This
theory accords well with the facts pointed out by Elliot Smith
(’10) for the marsupial brain, where he clearly demonstrates
that the fibers from the dorsal thalamus pass by the shortest
possible routes to the projection centers of the cortex; fibers
from the anterior part of the thalamus reach the most an-
terior sensory area, directly posterior to the motor projection
center, those from the intermediate regions go to the lateral
cortical areas, while the optic nuclei which occupy the pos-
terior position in the thalamus send their fibers to the pos
terior part of the hemisphere. The pattern of the somatic
cortex then is determined by that of the dorsal thalamus,
while that in turn is a direct outgrowth of the pattern of
tectum and bulb. All the parts are intricately related and
interdependent.

A glance at the brief résumé of the connections of the epi-
thalamic and hypothalamic centers (p. 144) will show how
large a role olfactory correlation still plays in this region in
the reptilian brain.? It will be remembered that the most
highly differentiated cortex within the reptilian brain is the
hippocampus and that there is a pyriform lobe cortex as

3 Material at hand indieates an- accessory olfactory bulb in alligator also,
although the vomero-nasal nerve has never been demonstrated here.
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well, so that one would expect to find highly developed olfac-
tory correlation centers within the diencephalon.

But while the sensory correlation centers are developing
within the reptilian forebrain, midbrain and thalamus, there
is also a development and differentiation appearing on the
outgoing or motor side of the are. This is noticeable in the
size and differentiation of the forebrain bundles, particu-
larly the lateral forebrain bundle. The strio-thalamie,
thalamo-striatal and strio-tegmental tracts, which become in-
corporated for the most part in the internal capsule in higher
forms are relatively well developed. Associated with this
strio-tegmental connection is the differentiation of the teg-
mental regions of the forebrain, marked particularly by the
beginning of a nucleus ruber (de Lange, '12) and other dif-
ferentiated tegmental nuclei. The high degree of differentia-
tion on the motor side marks the developing of forebrain con-
trol of the activities of the lower centers, foreshadowing the
great part which the cortex is to play in the strengthening or
inhibiting of motor activities.
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