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INTRODUCTION

This account presents the results of a study of certain
nuclear masses of the midbrain, cerebellar, and bulbar regions
of the avian brain and the fiber connections of these masses.
It may be regarded as a continuation of the work on the
avian forebrain, thalamus, and tectum, recently published
from this laboratory by Huber and Crosby (’29). The draw-
ings and descriptive accounts in both contributions have been
made from the same series.

The aim of the present contribution is to emphasize such
relations and connections as show the corresponding develop-
ment and interdependence of lower and higher centers. Par-
ticular attention is given to the regions of termination of the
cranial nerves and to the secondary and tertiary connections
of these areas with the thalamie, midbrain, and bulbar cen-
ters, and the relations of the cerebellum and particularly the
cerebellar nuclei to reflex centers receive consideration. It
is hoped in this way to contribute to the building up of our
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knowledge of the longitudinal conduction paths of the avian
brain and to emphasize the synchronous development of the
various parts.

The abundance of excellent material available for study
was provided by Professor Huber. For this and the privilege
of working in his laboratory and for his continued interest
in the progress of the work I express hearty appreciation and
thanks. I wish also to extend my sincere thanks to Dr. Eliza-
beth Crosby for her assistance and encouragement.

MATERIAL AND METHODS

The descriptions here given are based on forty-five series
of avian brains, prepared by methods suitable for study of
the eytoarchitectonic structure and fiber pattern. The series
designed for study of the nuclear masses were prepared by
fixation in a trichloracetic-mercury-alecohol solution, accord-
ing to the method described by Huber (’27), and stained with
toluidin blue. One series impregnated by the chrom-mercury
method of Cox was available. Series prepared by the
pyridin-silver and Weigert methods were used for study of
the unmedullated and medullated tracts.

The cell material and the greater part of the pyridin-silver
material were prepared by Prof. G. Carl Huber. The Weigert
material was placed at our disposal by Prof. Rollo McCotter.
The material used in this study is the same as that listed by
Huber and Crosby (’29) in their contribution on the avian
diencephalon. The outlines and certain details of the low-
power figures were obtained with the projection apparatus
and the drawings completed with the aid of the mieroscope.
The camera lucida was employed in preparation of the high-
power figures.

LITERATURE

The directly pertinent literature will be considered under
the description of the proper fiber system or nuclear mass
and need not be entered into in detail at this time. The fol-
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lowing account is intended as a general summary of the ob-
servations of workers in this field, with a brief statement of
the methods employed and the results obtained by them.

‘The gross relations of the parts of the avian brain have been
figured and described by various workers. Particular attention was
devoted to this phase of the work by earlier observers, among whom
may be mentioned Turner (’91), C. J. Herrick (’93), Susanne
Phelps Gage (’95), Boyce and Warrington (’98), Kalischer (01 and
’05), Edinger, Wallenberg, and Holmes (’03), Edinger (’08), and
others. Many of the later papers dealing with various parts of the
avian brain contain figures illustrative of the gross strueture, among
which are the contributions by Ariéns Kappers (’20-’21), Hunter
(’28), Craigie (’28), and Huber and Crosby (’29). The percentage
weights of various parts of the brain in birds—including those of the
optie tectum, cerebellum, and cerebral hemispheres—were computed
by Lapieque and Girard (’06). Their computations appear to indi-
cate, among other things, that the cerebellum varies in weight with
the development of certain functional adaptations.

The embryologic development of the nueclear masses of the mid-
brain, cerebellum, and bulb in chicken was considered briefly by
Mesdag (’09). A most interesting account of the development of
the cranial nerves in this bird was given by Bok (’15), who built
up, on the basis of his studies, his theory of stimulogenous fibrillation.
The positions of the nuclei of the cranial nerves in birds with a con-
sideration of their ontogenetic and phylogenetic development and
migrations, together with a discussion of neurobiotaxis in relation to
these facts, are given in the work of Ariéns Kappers (08, '10, '12,
’20--21, ’28) and his students (as, for example, Black, '22).

The eye-musele nerves, the oculomotor, trochlear, and abducens,
are very well developed in birds, as is to be expected in animals with
such large eyes. Their nuclei and the root fibers arising from them
have received partiecular attention in the work of Ramén y Cajal
(’09), Mesdag (’09), Ariéns Kappers (’12, ’20-'21), and Craigie
(’28). Mesdag, working on chicken, identified the trochlear nucleus
and figured the nuclear groups associated with the oculomotor nerve.
In these groups he identified a nucleus dorsalis lateralis, a nucleus
dorsalis intermedius, a nucleus dorsalis medialis, a nucleus ventralis,
and a nucleus accessorius. He determined that the root fibers arising
from the nuecleus ventralis decussated to the other side of the brain
immediately after their origin.

Ramén y Cajal (’09) studied particularly a small-celled group
superior to the cephalic portion of the main nuclear mass of the oculo-
motor and homologous, in all probability, with the nucleus accessorius
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of Mesdag and others. He regarded it as the homologue of the
Edinger-Westphal nucleus of mammals. In his embryonie chick
material, of seven to nine days’ ‘ineubation, he demonstrated the
presence and course of neuraxes from cells of this nnecleus into the
root fibers of the oculomotor nerve. Brandis (’95) was apparently
the first to describe this group of cells, which he likewise regarded
as comparable to the mammalian Edinger-Westphal nuecleus. In his
study of the motor nuclei of the cranial nerves of a series of verte-
brates, Ariéns Kappers (’12, '20-'21) described the oculomotor and
trochlear eell groups in various birds. He subdivided the gray asso-
ciated with the oculomotor into cell groups similar to those given
by Mesdag, except that he apparently made no mention of the
nucleus dorsalis intermedius of the latter observer. Ariéns Kappers,
like Mesdag, found root fibers arising from the contralateral ventral
nucleus. In his late paper on humming bird, Craigie (’28) deseribed
the oculomotor nuclei. He found these strikingly large, bnt with
nuclear subdivisions similar to those deseribed by former workers.
He noted a particular inerease in the ventromedial nucleus, from
which arose root fibers which erossed to the opposite side at their
level of origin.

The trochlear nuecleus, according to ecertain observers (Ariéns
Kappers, Craigie, and others), is in close approximation with the
nuclei of the oculomotor and even overlaps their more caudal por-
tions. This close interrelation is due to a secondary shifting of the
nuclei, as the embryonie studies of Mesdag (’09) and Bok (’15) have
indicated. No cellular differentiation within the trochlear nucleus
has been observed (Ariéns Kappers, '20-'21).

The number of rootlets in the abducens nerve has been counted
in the various birds (Black, '22; Craigie, '28). The results appear
to indicate that the number is variable, since even in the same animal
there may be a greater number of sueh rootiets on one side than on
the other. Usually the fibers of the abdueens pass out in front of
the facial, as is the case in most mammals, and so form a true sixth
nerve, but in other birds, for example, the cassowary, the greater part
of the root fibers of the abdueens leaves the brain stem behind the
level of the facial nerve (Ariéns Kappers, '12). Likewise, Mesdag
(’09) found part of the roots far caudalward in embrvonic chick
material, and certain of the birds studied in the present account
show similar relations of the root fibers of the abducens (p. 170).
In birds the sixth nerve innervates the muscle of the nictitating mem-
brane as well as the external rectus. In his study of the cranial-
nerve nuclei of various birds, Sinn (’13) deseribed and figured the
nucleus and root fibers of the abducens nerve in the hawk. He found
the nuecleus irregularly oval in outline, relatively small, and con-
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nected by a demonstrable but relatively insignificant tract with the
superior olive (the peduncle of the superior olive). In contrast to
these results, Craigie (’28) found the nucleus large and the root
fibers of wsual size in the humming bird. This latter observer like-
wise deseribed an accessory nucleus of the abducens—an observation
in accord with the work of various observers (Terni, '21; Preziuso,
24 ; and, according to Craigie, Addens, of the Central Institute for
Brain Research at Amsterdam).

Rubaschkin (’03) studied the peripheral distribution of sensory
trigeminal fibers in the colfactory mucous membrane, Brandis (’95)
deseribed the trigeminal and eye-musele nuclei in a series of birds.
He found the incoming sensory trigeminal root breaking into ascend-
ing and descending branches and these terminating in the typiecal
manner in relation to the chief sensory nuecleus and the nucleus of
the descending root of the trigeminus. The size of these two nuclei
varied in the different birds, depending on the degree of development
of the peripheral sensory fibers of the trigeminus. This writer also
described fibers passing from the inner bhorder of the sensory nucleus
of the nerve across the midline to the cerebellar peduncle and the
reticular gray of the opposite side. Those to the reticular gray
appeared to course proximalward and formed, possibly, a central
conduction path from this nucleus to higher centers. Connecting
the chief sensory nucleus of the trigeminal with diencephalie and
telencephalic centers is the path deseribed by Wallenberg (’98, '03)
as the isthmo-striatal and then as the quinto-frontal tract. This
bundle arises from the semnsory nucleus of the trigeminal, runs
cephalad, is partly crossed at the level of the trochlear complex, and
terminates in the thalamus, the ektostriatum, and the basal region
of the forebrain in general (Wallenberg, '98, '03; Schroeder, '11;
and for sparrow, Huber and Crosby, ’29). Secondary ascending
paths to the medial mesencephalic nucleus of the midbrain (nuecleus
mesencephalicus lateralis, pars ventralis of Ariéns Kappers, . '21)
have been described by Wallenberg (’04), Ariéns Kappers (’21), and
others. Sinn (’13) found the sensory nucleus of the trigeminal
enormously developed in certain birds, the crossed root fibers well
developed, and the deseending root similar to that of mammals. van
Valkenberg (’11a) and Ariéns Kappers (’20-'21) pointed out that
the more cephalic root fibers of the trigeminal (that is, the mandibular
branch) are dorsal in the descending trigeminal root to the more
caudally entering fibers of the ophthalmic. The mandibular fibers
terminate at the level of the glossopharyngeal and vagus nuclei, the
ophthalmic extend to the cord. A review of the positions, relations,
and major econneections of the sensory trigeminal nuclei of birds is
to be found in the Ariéns Kappers’ text (’20-'21). The literature
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on the mesencephalic root of the trigeminal nerve, with a descx:ip-
tion of its course and cells of origin in various vertebrates, including
bird, is to be found in the recent paper by Weinberg (’28). (See also
van Valkenberg, ’11a.) His account for bird is based on the same
series as were used for the present paper. Aeccording to Cralgle
(’28), the sensory trigeminal nuclei exhibit some special differentia-
tion in humming bird, for in this bird there is, in addition to a dorsal
sensory nucleus and nucleus of the descending spinal root, a ‘frontal
nueleus’ of the trigeminal nerve, which is an enlargement of the
cephalic end of the nuecleus of the descending root. The chief sen-
sory nuclens of mammals is homologous with both the frontal and
dorsal trigeminal nuclei (Craigie). As efferent conneetions he de-
seribed a trigemino-cerebellar tract previously seen in chicken by
Biondi (’13, quoted from Craigie, ’28) and the quinto-frontal path
of Wallenberg (’03). The dorsal position of the dorsal trigeminal
nuecleus he regarded as due to the neurcbiotaxic influence of the
vestibular centers.

According to Sinn (’13), the motor trigeminal root has two nueclei,
a chief nucleus comparable to that of mammals and a second nucleus
which is situated close to the dorsal nucleus of the faeial nerve.
Ariéns Kappers (’12, 20, '21) likewise differentiated two motor
trigeminal nueclei in birds, a smaller medial one, the root fibers of
which arched dorsalward and then lateralward, and a larger lateral
one, the root fibers of which passed directly ventrolateralward to the
surface of the brain. According to Craigie (’28), in the motor
trigeminal nucleus of the humming bird there is a dorsal nucleus,
a ventrolateral one, further divisible into lateral, dorsomedial, and
ventromedial portions, and, in certain specimens, some indications
of a third group of motor cells. Other descriptions of the motor
trigeminal nueleus are to be found in the work of various observers
(Brandis, ’95; Edinger, ’08; Ariéns Kappers, '20-'21, and others).

Brandis (’94) demonstrated the presenee in birds of a single motor
nucleus of the facial nerve. Later work (Ariéns Kappers, 08, '10)
appears to indicate that a second motor facial center is present in
at least certain of the birds studied by Brandis. For chicken, Kosaka
and Hiraiwa (’05) deseribed a dorsal or digastric nucleus, with an
associated ‘Nebenkern,” and a ventral or chief motor nueleus for
the facial nerve. Two groups were recognized by Ariéns Kappers
(’10) in quite a number of birds, such as Ciconia and Chrycomitris,
for example, but he was able to demonstrate only a single group in
Casuaris. The latter observer was the first to analyze carefully this
nuclear group in avian forms. The two major groups of the motor
facial described by previous observers were identified by Black (’22)
for Cacatua. He regarded the ‘Nebenkern’ of the Kosaka and
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Hiraiwa account as represented by the caundoventral extension of
Fhe dorstal motor nucleus of Cacatua. There is econsiderable variation
in the size anfi relgtive position of these nuelei in the various avian
forms. Thus in quite a number of birds (including Columba, Ciconia,
anc} Cacatua) the nuclei lie in front of the outgoing motor root,
while in Casuaris, at least, the nuelei and root fibers are found in the
same plane.

Among the observers who have given particular attention to the
vestibular and coehlear nuelei and secondary connections are Wallen-
berg (’98 and ’00), Holmes (’03), Ramén y Cajal (’08), Schepman
(’18, quoted from Ariéns Kappers), and Ariéns Kappers (’20-721).
Wallenberg (’98) gave an account of the sccondary paths following
destruction of the cochlear nucleus maguocellularis and of certain
vestibular areas. He described the course of the major secondary
cochlear path (lateral lemniscus) as running cephalad for a short
distance after its origin in nucleus magnocellularis, turning medial-
ward, decussating, and at the level of nucleus isthmo-opticus (nucleus
isthmi of Wallenberg; see alsc Craigie, 28, and Huber and Crosby,
'29) coming into relation with the nucleus of the lateral lemniscus,
and terminating in the central and medial region of the nuclens
meseneephalicus lateralis (pars dorsalis of Ariéns Kappers or the
mammalian inferior colliculus). From the above account it is evident
that Wallenberg had identified the avian trapezoid body-—an identi-
fication which has been confirmed by Holmes (’03), Ramoén y Cajal
{’08), and others. Ramén y Cajal believed that the traet arose from
neurons of the nucleus laminaris—a statement with which the present
account is in agreement. In his 1300 paper Wallenberg summarized
the vestibular connections. Holmes (’03), in his study of the com-
parative anatomy of the acoustic nerve, gave a résumé of the nuelei
of termination of this nerve and their secondary connections. The
work was based on young and adult pigeons. The results, in general,
agreed with those of Wallenberg. Holmes, like Wallenberg, was un-
able to trace any direct fibers of the cochlear nerve into nucleus
laminaris, and came to the conclusion that laminaris was a specially
differentiated vestibular center. The most detailed and complete
deseription of the nuclei of termination of the acoustic root fibers
and the fiber relations of these nuclei to higher centers is to be
found in the contributions of Ramén.y Cajal (’08). By use of silver
impregnation methods he was able to reecognize the synaptie relations
of root fibers to the nuclei and to determine the origin and direction
of conduction of many of the paths. The work of this observer and
that of Wallenberg (’98, 00) are referred to in detail in the descrip-
tion of these centers in the present paper and will not receive further
attention at this time. In addition to those mentioned above, accounts
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of the acoustic eenters in avian forms are to be found in the work of
Brandis ('94), Schepman (18 quoted from Ariéns Kappers), and
Ariéns Kappers (’20-'21).

Brandis (’94), Ariéns Kappers (11, ’20-'21), Black (’22), and
others have done quite extensive work on the relations and positions
of the cells of origin of the glossopharyngeal, vagus, and accessory
cell columns in birds. An understanding of these is dependent upon
an understanding of the hypoglossal. The somatic motor column
of the spinal cord is represented cephalad as a dorsal and a ventral
column., The ventral column is directly continuous with the ventral
horn column of the spinal cord and is regarded by certain observers
(Ariéns Kappers, 12, and Black, '22) as hypoglossal and by others
(Kosaka and Yagita, '03) as containing no true hypoglossal neurons.
The more dorsal group extends forward and comes into relatively
close relationship with neurons of the vagus. According to Black
(’22), nuecleus intermedius in certain birds contains both vagal and
hypoglossal components; in other birds it may be entirely vagal, and
in still others strietly hypoglossal in character. Brandis (’93) and
Ariéns Kappers (712) also favored the presence of neurons of both
vagus and hypoglossal nerves in nucleus intermedius, at least in
certain birds. The dorsal motor nueclear column of the glossopharyn-
feus and vagus appears to be continuous in most birds (Brandis,
'93; Ariéns Kappers, '12; Black, ’'22; Craigie, 28, and others).
A ventrolateral vagus huecleus was deseribed by Ariéns Kappers
(’12), Black (’22), and others and a ventral glossopharyngeal was
identified in humming bird by Craigie (’28) and apparently in other
avian forms by Addens (Craigie, '28, pp. 430-431). The relations
of the accessory nerve do not appear to be entirely elear (Black, ’22).
The number of taste fibers in birds is relatively small, yet the fascicu-
lus solitarius is relatively highly developed. Ramén y Cajal de-
seribed and figured two uncrossed fasecicles (fascieulo solitario dorsal
or interno, fasciculo solitario antero-externo) and a crossed bundle
(fasciculo solitario antero-interno). However, the size of the fascicu-
lus solitarius in bird is associated with the development of general
visceral rather than gustatory sensibility. However, some fibers from
VIIth, IXth, and Xth nerves leave the fasciculus solitarius and turn
dorsalward to end in either the dorsolateral bulbar nucleus or the
dorsomedial bulbar nucleus. These relatively small eomponents of
seven, nine, and ften are presumably the taste fibers. In humming
bird Craigie (’28) described a relatively large sensory root of the
facial.

Various subdivisions of the cerebellum are to be found in the ae-
counts presented by the earlier workers, Turner (’91), Friedlinder
(’98), and others. A review of this earlier literature is to be found
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in Ingvar’s (’18) paper and need not recceive attention here. Several
attempts at homologizing avian eerebellar regions with mammalian
areas were made by these early observers, with somewhat contradie-
tory results. They were not in agreement as to whether or not the
cerebellar hemispheres are present in avian forms. Certain observers
were ineclined to regard the cerebellun of bird as representative
only of the vermis portion of mammals. Others, as Jelgersma (89,
quoted from Brouwer) and Ramdn y Cajal (’08), thought that
more or less rudimentary hemispheres might be present.

An acecount of the embryonic development of the cerebellum with
divisions into three lobes (anterior, dorsal, and posterior) is to be
found in the work of Murphy (’00, quoted from Ingvar, '18; paper
not available}., Brower ('13) also studied the embryonic develop-
ment of the region. He discussed the appearance of fissures, none of
which were present in his or Murphy’s nine-day material. By means
of reference to the literature, he likewise reviewed the status of
cerebellar localization. For further details the original paper should
be consulted, since its subject matter is largely outside the scope
of the present paper.

The nuclei of the cerebelluin and their connections have been most
thoroughly described by Ramén vy Cajal ('08a). He identified a
ganglion of the roof, a semilunar nuclear group, an intercalate group,
and an inferior and a superior lateral nuclear field. A brief account
of the region in humming bird is to be found in the paper by
Craigie ('28).

The inferior olive has been deseribed for birds by Williams (708),
Yoshimura (’10), and Kooy (’16). According to these obscrvers, it
is clearly differentiated in avian forms and consists of a dorsal and a
ventral lamella. Yoshimura was inclined to distinguish between the
inferior olive of runners, which has a less well-developed ventral
portion, and that of other birds. Kooy interpreted these differences
as representative of the extremes of a single developmental series.
Runners belong to the more primitive birds, and consequently the
inferior olive of this group probably represents a more primitive
olive. The details of lamellar arrangement and eytologic structure
{which varies somewhat in different birds and with the size of birds)
will be considered later.

The reticular nuclei have been discussed particularly by Ramén y
Cajal (’09), van Hoevell ('11), and Ariéns Kappers (’20-21). In
general, four groups have been recognized: a nueleus reticularis
inferior at the level of the vagus, a nucleus reticularis medius at the
level of the facial, a nuclens reticularis superior in the plane of the
upper trigeminal eenters, and a substantia reticularis mesencephali,
which includes nucleus ruber and the interstitial cells of Ramén
v Cajal.
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The question of ascending systems to higher centers other than
lateral lemmniscus and secondary trigeminal paths has considerable
interest for both the comparative neurologist and the physiologist,
sinee its demonstration would determine the homologies of certain
diencephalic centers and give at the same time a cue to their physio-
logie funetions. The avian homologues of the mammalian nueleus
of the posterior funiculi have been identified by various observers,
but have been most completely described by Zeehandelaar (’21), who
identified nuecleus gracilis and nucleus cuneatns (nuclei of Goll and
Burdach) and found the medial nneleus (‘Schwanzkern’) present
in certain birds and lacking in others. The nucleus of Blumenau
he found to be absent in most cases. The problem of actually tracing
forward crossed fibers from these centers to diencephalic areas is a
diffienlt one when attempted with normal preparations, and although
suggestions of the probable presence of the path are to be found
in the literature (Ariéns Kappers, 20-'21), a complete unquestion-
able demonstration of its presence in normal preparations from origin
to termination has not been given. However, it appears to have
been demonstrated by Wallenberg in degeneration preparations.
This latter observer found that injuries to the posterior funicular
nuclei, or at least to nuclear masses in that neighborhood, led to the
degeneration of a path which after decussation ran forward near
the ventromedial surface of the bulb and which terminated in part
in various bulbar and midbrain centers and in part reached the
ventral part of the thalamus (the nucleus intercalatus and the medial
capsule of the red nucleus). In part it terminated in hypothalamie
centers of the same and opposite sides. Wallenberg himself suggested
that the medial and lateral parts of the bundle are homologous,
respectively, with the medial lemniscus and the mammillary pedunele
of mammals.

DESCRIPTTON OF NUCLEAR MASSES AND FIBER PATHS
Nuclel and root fibers of the eye-muscle nerves

The relations existing beiwcen the size of the eves and
eve musculature and the development of the central nuclei
supplving this musculature are very apparent in the large
motor nuclel supplyving correspondingly large eve muscles
m birds. More than twenty vears ago, Edinger ('08) empha-
sized the point that this was a relationship which apparently
existed throughout the vertebrate series when he pointed out
that the sphineter palpebrarum of the whale was as large as
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the human gluteus maximus and that it was associated with
a correspondingly increased oculomotor nuclear group which
extended into the thalamus.

Oculomotor wnuclei and root fibers. 'The neurone groups
forming the nucleus of the oculomotor nerve have been de-
seribed and named by Mesdag (’09), Ramon y Cajal (°09),
Ariéns Kappers (’20-°21), Black (’22), Craigic (’28), and
others. In the avian brains here studied the subdivisions of
the uuclear mass are essentially those of the preceding
workers. Thus, a dorsolateral, a dorsomedial, a ventrome-
dial, and an accessory, the Fdinger-Westphal nucleus, have
been recognized. The relative extent of these groups varies
apparently in different birds. Thus, the anterior limit of
each of the avian groups considered in the present account
differs from that set by Ariéns Kappers (’12) for penguin
and by Craigic (’28) for humming bird. Both of these ob-
servers found that the dorsolateral and the Edinger-Westphal
nuclei extended the farthest cephalad. The material avail-
able on sparrow, dove, duck, and parrakect indicates that the
most anterior portion of the oculomotor nucleus is occupied
by the ventromedial group. The limits here set not only for
this Jatter group, but for the other nuclear groups of the
oculomotor as well, are comparable in general with those
figured by Black (’22) in his reconstruction of the motor cen-
ters of Clacatua. In chicken, the ventromedial group disap-
pears cephalically at a plane slightly in front of that occupied
by the more frontal portions of the threc other nuclear masses
of the oculomotor.

At its cephalic end the ventromedial nucleus (fig. 1, B) of
sparrow is between the red nuclei and slightly dorsal to them.
It increases lateralward, tending to surround the ventral
border of the medial longitudinal fasciculus. A little farther
caudalward it becomes more spherical, and then, though de-
creasing gradually in size, occupies the same position to its
posterior limit. Tt does not extend as far caudalward as does
the dorsomedial group. The dorsomedial nuclens (fig. 1, B)
makes its cephalic appearance just a few sections caudal to
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the anterior limit of the ventromedial nucleus. 1In cross-
section it has a longer dorsoventral than {ransverse extent
and is more or less continuous with both the dorsolateral and
the Edinger-Westphal nueclei. It extends farther caudalward
than the ventromedial portion. Both the ventromedial and
the ventrolateral portions are replaced caudally by cells of
the median raphé. The neurons constituting the dorsomedial
nucleus are relatively large, multipolar cells, very similar to
those found in the ventromedial nucleus. The dorsolateral
nucleus (fig. 1, B) makes its appearance a little farther cau-
dalward than does either of the medial groups. The nucleus
mereases 1n size and forms a spherical mass lateral to the
medial longitudinal fasciculus and ventrolateral to the Edin-
ger-Westphal nueleus after the appearance of the latter. The
dorsolateral group, when once fully established, runs cau-
dalward without change of shape or position into the anterior
end of the nucleus of the trochlear nerve. Its cells are
slightly larger than the cells of the other nuclear groups of
the oculomotor. The KEdinger-Westphal nuclens of the
oculomotor (fig. 1, B) lies immediately under the ventricle
and dorsal to the dorsomedial and dorsolateral nuclei of the
nerve. It is the shortest nucleus of the group, for it begins
behind the cephalic poles of the other oculomotor nuclei and
terminates in front of their candal ends. 1ts cells are smaller
and more densely packed than are those of the other motor
nuclet of the nerve. It has, on the whole, the appearance
of a gencral visceral efferent or preganglionic center. The
neuron groups of the oculomotfor nuclens as just described
in sparrow may be very definitely delimited from one another,
and the same is true in duck, dove, and parrakeet. In
chicken (fig. 1, A), the groups may be named and defined as
above, but are much more continuous with one another. The
dorsomedial nucleus throughout most of its extent is con-
tinuous by a relatively wide cell column with the ventromedial
nucleus and is partially continuous with the dorsolateral

mm]ens.
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Root fibers of the oculomotor nerve arise from each of
the four oculomotor neuron groups. They emerge from the
medial surfaces of the Kdinger-Westphal and dorsolateral
nuclear groups and turn medioventralward into the large
nerve root of the same side. Homolateral fibers, running
largely lateral to the ventromedial group, join them from the
veniromedial nucleus. The ventromedial nucleus, as has been
found for other birds (Mesdag, '09; Craigie, '28), gives rise
to crossing fibers. Whether or not they are all erossed it has
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Fig.1 A. Cross-gsection of chicken brain at level of nuclei of oculomotor nerve.
Toluidin-blue preparation. X 7.5. B. Cross-section of sparrow brain at level of
nuclei of oculomotor nerve. Toluidin-blue preparation. X 7.5. c.mes.V, eells of
mesencephalic root of trigeminal nerve; dorsdat.man.III, dorsolateral motor nu-
cleus of oculomotor nerve; dors.med.m.n.lil, dorsomedial motor nucleus of oeculo-
motor nerve; Ed.-W.ndll, Edinger-Westphal nueleus of oeulomotor nerve; f.lLm.,
fasciculus longitudinalis medialis; vent.med.m.n.dlI, ventromedial motor nuecleus
of oculomotor nerve.

not been possible to determine. The root fibers run almost
directly ventralward on each side of the midline and leave the
mesencephalon on its ventromedial surface considerably in
front of the plane of its nuclear groups.

Trochlear nucleus and root fibers. The cephalic end of the
nucleus of the trochlear nerve cannot be delimited from the
caudal end of the dorsolateral nucleus of the oculomotor
nerve, particularly since the cell type is the same in the two
nuclei. The trochlear nuclens lies just under the ventricle
and on the dorsolateral edge of the medial longitudinal fas-
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ciculus. It extends caudalward to about the cephalic limit
of the veniral nucleus of the motor trigeminal nerve. The
nucleus and root fibers of the trochlear are shown in the
Huber and Crosby paper (’29) and do not require further
illnstration here.

Direct root fibers of the trochlear nerve emerge from the
dorsolateral border of the posterior half of the nucleus, run
lateralward into the anterior medullary velum, in which they
decussate (fig. 2).

Abducens nuclei and root fibers. The major nucleus of the
abducens nerve occupies a position at the side of the median
raphé, slightly dorsal to a transverse midplane section (figs.
4 to 7). 1t appears caudally in a plane passing through the
motor root of the facial and through the vestibular nueclei.
It increases in size immediately and continues, with slight
change in shape or position, to the caudal limit of the ventral
motor nuclens of the {rigeminal nerve.

An accessory nucleus of the abducens was deseribed by
Terni (’21), Preziuso (’24), and Craigie (’28). According
to this last observer, the nucleus has also been seen by
Addens, whose results as vet are nnpublished. This nucleus
(figs. D and 7) has been identified in the sparrow material
available. In this bird it appears cephalically at a cross-
sectional level through the middle of the major abducens
nucleus and in a field eontaining the dorsal and ventral motor
nuclei of the facial nerve. Tt is situated lateral to the supe-
rior olive at certain planes, but behind the level of this latter
nucleus it coutinues caudalward in approximately the same
gencral position until it becomes continuous at its candal end
with the ventral part of the nucleus of the descending root of
the trigeminal. The cells of the accessory nucleus of the
abducens are slightly larger than those of the major nucleus
of this nerve. The nucleus has been identified in the dove,
parrakeet, duck, and chicken material, hut in these series is
not so readily delimited from other large cells of the region
as in the sparrow sections.
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In none of the material at present available has it been
possible to demonstrate root fibers to the accessory nucleus
of the abdneens. The abducens root, however, is relatively
large in sparrow (figs. 4 to 7). Consequently, bundles of
this nerve are found throughout the region extending from a

Fig.2 Cross-section through brain of sparrow at level of decussation of
abducens nerve. Pyridin-silver preparation. X 7.5. cer., cerebellum; c.mes.V,
cells of mesencephalic root of trigeminal nerve; dec.n.lV, decussation of trochlear
nerve; f.l.m., fasciculus longitndinalis medialis; lat.vent.m.n.V, lateroventral mo-
tor nueleus of the trigeminal nerve; lem.lat., lateral lemniscus; m.n.}, motor
uueleus of troehlear perve; m.n.FI, motor nucleus of abdueens nerve; n.sth.opt.,
nucleus isthmo-opticus; n.isth.p.prin.,, nucleus isthmi, pars principalis; n.mes.lat.
p.dors., nueleus mesencephalicus lateralis, pars dorsalis; N.FI, abducens nerve;
N.7 m., motor trigcminal nervei N.¥ mes., mesencephaliec root of trigeminal nerve;
s.n.V, chief sensory nucleus of trigeminal nerve; tr.cer.mot., tractus ecerebello-
motorius; tr.isth.op., tractus isthmo-opticus; tr.oc.mes.,, tractus oceipito-mesen-
cephalicus; tr.op., tractus opticus; tr.quint.fr., tractus quinto-frontalis; tr.sir.cer.,
tractus  strio-cercbellaris; ¢r.trig.cer.eruc.sup., tractus trigemino-cerebellaris
eruciatus superior.

plane through the cephalic limit of the trigeminal fibers to
a plane behind the caudal limit of the root fibers of the facial.
Thus, certain bundles of the abducens or sixth nerve leave
the ventral surface behind the most caudal bundles of the
facial or seventh nerve. This condition has been found to
obtain in certain other birds. The individual fascicles of
the abducens root follow the usual course; that is, they run
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ventral and slightly lateral from fthe major nuecleus of the
nerve to the ventral surface of the medulla oblongata.

Fiber connections of the eye-muscle nuclei

The following brief summary makes mention of such con-
nections of the eye-muscle nuclei as it was possible to demon-
strate in the material available. Many of these connections
have been demonstrated in various avian forms, others of
them are relatively less well known. The connections of the
oculomotor group will be considered first.

Fibers from the nucleus mesencephalicus lateralis, pars
dorsalis (the inferior colliculus of mammals), from the pre-
tectal and subpretectal nuelei, and from the optic tectal region
as well (which run here with the tectobulbars), stream loosely
across the dorsal border of the mesencephalon and enter the
lateral surfaces of the Edinger-Westphal and dorsolateral
oculomotor nuclei. Certain bundles swing dorsally arouund
the Edinger-Westphal nucleus, turn ventralward along the
midline, and make connections with the dorsomedial, dorso-
lateral, and ventromedial groups along their medial surfaces.
Toward the caudal end of the nuclear complex of the oculo-
motor, the tectal fibers are joined in their course by fibers
from the ventromedial border of the nucleus isthmo-opticus
and by additional bundles from the more ventral portions of
the superior collicular region. These bundles just described
may reach all the nuclear groups of the oculomotor, but they
distribute principally to the Hdinger-Westphal nucleus and
to the nuclens of the trochlear nerve. The tectal fibers enter
the trochlear nucleus on its dorsal surface.

Further connections with optie centers are to be found in
the tract between the nucleus ectomamillaris and the oculo-
motor centers. This tract was deseribed by Beceari (’23) for
Varanus and by Huber and Croshy (’26 and ’29) for alli-
gator, sparrow, and dove. Tractus infundibuli of Jelgersma
(’96) reaches the region of the oculomotor nucleus, although it
has not been possible in the present material to follow it into
the nucleus. Crossed fibers of the posterior commissure in
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Fig. 3 Cross-section through the brain of sparrow at the level of the nuelei
of the trigeminal nerve. Toluidin-blue preparation. X 7.5. cer.,, cerebellum;
dors.m.an. V11, dorsomedial motor nucleus of facial merve; lat.went.m.n.V, latero-
ventral motor nucleus of trigeminal nerve; med.wvent.m.n.V, medioventral motor
nucleus of trigeminal nerve; w.ccridntermed., nuclcus cerebellaris intermedins;
n.cer.int., nueleus cerebellaris internus; n.descr.F, nucleus of descending root
of trigeminal nerve; N.desc.r.l’, descending root of trigeminal nerve; n.ref.sup.
p.trig., nucleus reticularis superior (trigeminal portion); =«.¥ m., dorsal motor
nueleus of trigeminal nerve; NV s, sensory trigeminal nerve; s.».V, chief
sensory nueleus of the trigeminal nerve; tr.sp.cer., tractus spino-cerebellaris,

Fig. 4 Cross-section through the nuclei and root fibers of the trigeminal nerve,
Pyridin-silver preparation. X 7.5, dee.m.V, decussating motlor trigeminal fibers;
dec.sec.V f., decussating secondary trigeminal fibers; dorana.FII, dorsal motor
nucleus of facial nerve; lem.laf., lemniscus lateralis; lalvent.mn.V, lateroventral
motor nucleus of trigeminal nerve; n.cerint., pucleus cerchellaris internus; n.cer.
intermed., nucleus cerebellaris intermedius; n.desc.r ¥, nuclens of descending root
of trigeminal nerve; n.m.VI, motor nueleus of abducens nerve; n.ol.sup., nucleus
olivarius superior; a.west.])., nucleus vestibularis ventrolateralis (Deiters) ;
N.V m., motor trigeminal nerve; N.V s, sensory trigeminal nerve; N.V fo cer.,
direct trigeminal to cerebellum; N.VI, abducens merve; N VIIm., motor facial
nerve; ped.sup.ol., pednnele of supevior olivary nucleus; s.». ¥, chief sensory nu-
cleus of trigeminal nerve; tr.cerimot., tractus eerehello-motorius; tr.oc.mes., tractus
oceipito-mesencephalicus; tr.spino-cer., tractus spino-cerebellaris; tr.sp.cerwvent.,
traetns spino-cerebellaris ventralls; tr.str.cer.,, tractus strio-cerebellaris; fr.trig.

cer.erue.inf, tructus trigemino-cerebellaris ernciatus inferior; tr.irig.eerrect.,
tractus trigemino-cerebellaris rectus.
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their course toward the medial longitudinal fascieulus con-
tribute fibers to the dorsomedial oculomotor and perhaps to
the dorsolateral oculomotor nneleus as well. The medial longi-
tudinal fasciculus makes obvious connections with the nuclei
of the oculomotor, trochlear, and abducens nerves, as is the
case in vertebrates in general.

The most lateral of the cerebello-motorius bundles swings
medialward, ventral to quadrangularis, and makes quite defi-
nite connections with the major nucleus of the abducens. 'The
most internal or medial bundles run forward to the trochlear
nucleus of the opposite side, having decussated in the region
immediately below the ventricle. Some of them extend to at
least the caudal part of the oculomotor nuclear group. In
their course forward these fibers appear to contribute scat-
tered homolateral bundles to the major abducens nuclens.
Fine, apparently unmedullated fibers can be followed from
the superior olivary nucleus to the main nucleus of the abdu-
cens nerve. This bundle, which is the homologue of the mam-
malian peduncle of the superior olive, has a position just
lateral to the root fibers of the abducens nerve. It ig a very
definite bundle at levels where the trapezoid fibers swing
downward from nucleus laminaris.

Tectobulbar tracts

These fiber systems are very well developed in avian forms,
as is to be expected where the optic tectum is so large. They
have been identified as a whole or in part by various observers
(Edinger, Wallenberg, and Holmes, '03; Ariéns Kappers,
20215 Craigie, '28; Papez, 29, and others). They have
been studied also in degeneration material by Miinzer and
Wicener ('98) and by Edinger, Wallenberg, and Holmes (703).
Normal material is not the most tavorable for the tracing
of these paths, since they cannot he separated from other
similarly running bundles onee they have turned caudalward.
Miinzer and Wiener traced an uncrossed tectobulbar path in
birds to a gray nuclear mass which they considered the homo-
logue of the gray associated with the mammalian trapezoid
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Fig. 5 Cross-section through the cerebellar nuclei and the nuelei of the
abducens and facial nerves of the sparrow. Toluidin-blue preparation. X 7.5.
dors.mn.FII, dorsal motor nucleus of facial nerve; m.cerinf.lat., nueleus cere-
bellaris inferioris lateralis; m.cer.intercal., nucleus cerebellaris interealatus; n.cer.
tnt., nucleus cercbellaris internus; n.cer.intermed., nucleus cerebellaris inter-
medius; nan.¥ I ac,, accessory motor nueleus of abducens nerve; n.on.FI, chief
motor nueleus of abducens nerve; n.ol.sup., nuecleus olivarins superior; n.ret.med.,
nucleus reticularis medius; n.vest.sup., nucleus vestibularis superior; N.VI,
abdueens nerve; N.VII, facial nerve; tr.sp.cer., tractus spino-cerebellaris; V11 s,
visceral sensory nucleus of facial nerve.

Fig. 6 Cross-section through the brain of the sparrow at the level of the
centers of the cochlear and vestibular nerves. Pyridin-silver preparation. X 7.5.
dee.see.V f., decussating secondary frigeminal fibers; dors.lat.vest.med., dorso-
lateral vestibular nuclear group, medial division; lem.lat., lemniscus lateralis;
ti.cerinflat., nucleus cerebellaris inferior Jateralis; n.cerintermed,, nucleus
cerebellaris inferior intermedius; m.cerint.,, nucleus cerebellaris internus; n.desc.
rV, nucleus of descending root of trigeminal nerve; m.lam., nucleus luminaris;
nom VI, chief motor nuclens of abducens nerve; N.VI, motor abducens nerve;
n.ol.sup., nueleus olivarius superior; n.quad., nucleus quadrangularis; n.vest.desc.,
nucleus  vestibularis descendens (inferior); awest.sup.,, nucleus vestibularis
superior; N.VI, abducens nerve; N.VIII vest., vestibular nerve; ped.sup.ol.,
pedunele of superior olivary nucleus; fr.cer.mot., tractus cerebello-motorins;
tr.oc.mes., tractus oceipito-mesencephalicus; trap.f., trapezoid fibers.
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body. HKdinger and Wallenberg carried this bundle to the
lateral division of a similar gray mass in the bulb and in
part back to the cervical cord. These bundles are obviously
the ventral tectospinal paths which have been deseribed by
Ariéns Kappers and apparently by Craigie (’28), although
the path so labeled by this latter observer appears to be the
ventral part of the dorsal tectobulbar path. A crossed dorsal
tectobulbar system was demonstrated by KEdinger, Wallen-
berg, and Holmes (’03) after destruetion of the optic lobes
in bird. They obtained a degeneration of this path in nine
experiments and were able to follow it through the bulbar
regions and into the anterior ground bundle of the cord. The
silver-impregnation material makes very easy the identifica-
tion of these tracts at their origin. It is possible to trace
them across the field until they turn caudalward, but then
the very richness of the impregnation makes it impossible to
distingunish them from other longitudinally running bundles
in the region. The following is a brief summary of these
paths in so far as they have been followed in the material
now available. The account is based on sparrow, but the
relations are essentially the same in dove.

Dorsal tectobulbar tract. The dorsal tectobulbar tract on
leaving the tectum swings ventral to the nuclens mesenceph-
alicus lateralis, pars dorsalis, then runs dorsomedialward to
the midline where it erosses ventral to the medial longitudinal
fasciculi. In its course it interdigitates with the root fibers
of the oculomotor nerve, while its more posterior fibers cross
the ventral part of the cephalic end of the oculomotor nu-
cleus. The crossed fibers accumulate in a bundle ventro-
lateral to the medial longitudinal fascieculus. They appear
to be joined by uncrossed fibers from the more caudal part
of the tectobulbar system, although this latter point needs
substantiation through experimental work. An uncrossed
dorsal tectobulbar path was deseribed by Ariéns Kappers
(’20-"21). Craigie (’28) found only crossed fibers in hum-
ming bird. The bundle thus formed runs caudalward, prob-
ably to motor and reticular centers of the bulb, but its further
course has not been determined.
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Ventral tectobulbar tract. The ventral tectobulbar tract is
farther caudal than is the dorsal bundle. From the tectal
regions it swings ventromedialward. Some of its fibers ap-
pear to cross in the midline close to the ventral surface
(Ariéns Kappers, ’20-21). It is uncertain whether these are
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Fig. 7 Cross-section through the brain of the sparrow at the level of cerebellar
and vestibular nuelei.  Toluidin-blue preparation. X 7.5. dors.lat.vest.med.,
dorsolateral vestibular nuclear group, pars medialis; n., nucleus vestibulocerebel-
losus of Cajal (dorsolateral vestibular nuecleus group, pars lateralis); n.cer.
wmnf.lat., nuclens cerebellaris inferior lateralis; m.cerintercel., nucleus cerchellaris
intercalatus; m.cerdntermed., nucleus cerebellaris intermedius; n.cer.sup.lot., nu-
cleus cerebellaris superior lateralis; n.desc.r.V, nucleus of the descending root
of the trigeminal nerve; s.lam., nucleus laminaris; n.magnocell., nueleus magno-
cellularis; n.m.VIaec., accessory motor nucleus of the abducens nerve; n.m.VI,
chief motor nueleus of the abducens nerve; n.ol.sup., nueleus olivariug superior;
n.ret.med., nucleus reticularis medius; n.quad., nucleus quadrangularis; n.tang.,
nuclens tangentialis; n.vest.D., pucleus vestibularis ventrolateralis (Deiters);
vent.amed.m.an. VI, ventromedial motor nucleus of the facial nerve.

the crossed fibers deseribed by Craigie. They do not ap-
pear to correspond to the bundle so labeled in his figure 14.
The majority of the bundles accumulate in the ventrolateral
part of the midbrain and run candalward. Their termination
is probably in efferent centers of the bulb and possibly of the
cord as well.
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Trigeminal nucler and root fibers

The trigeminal complex is highly developed in the avian
material at hand, and its secondary connections not only with
reflex centers of the bulb and cerebellum, but also with tectal,
thalamic, and forebrain areas indicate that it plays an im-
portant réle in avian physiology. van Valkenberg (’11a),
Ariéns Kappers (’20-'21), Craigie (’28), Papez (’29), and
others described and figured the chief sensory nucleus and
the nucleus of the descending trigeminal root in various
birds. van Valkenberg (’11a) and Weinberg (’28) dis-
cussed fully the relations of the mesencephalic root and its
agsociated cells. The motor trigeminal centers were de-
scribed by Sinn (°13), Ariéns Kappers (°20-'21), Black (’22),
Jraigie (’28), and others (p. 161).

Sensory nuclei of the trigeminal nerve. The chief sensory
nucleus of the trigeminus (figs. 3 and 4) makes its appear-
ance at the same caudal level as does the dorsal motor
nucleus of this nerve. This sensory nucleus, unlike its homo-
logue in reptiles and mammals, is not continuous with the
nucleus of the descending root of the trigeminal, but is inde-
pendent of this latter nuclear mass. The chief sensory nu-
cleus lies ventrolateral to the cephalic end of the superior
vestibular nucleus and just medial to the large cerebellar
bundles. On its first appearance it is bluntly triangular, with
the base directed dorsomedialward. This triangle of cells is
made up of a central nodule of cells between two arms. The
cells of the lateral arm are larger at the dorsal end, and
those of the medial arm are arranged in bands along the
fibers (fig. 3, right side). The lateral arm and central nodule
increase to form two oval masses lying side by side with the
ribbon-like medial arm along their inner surface (fig. 3, left
side). The nueleus here lies in a dorsomedial, ventrolateral
direction and extends almost across the peduncle between
medulla and cerebellum. Farther cephalad, the cells of the
more ventrolateral part of the mnucleus become less dense
and slightly larger. The more dorsal parts gradually dis-
appear, while the ventral part elongates and forms more or
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less of a crescent lateral to the ventral motor nucleus of the
trigeminus. It remains in the field after the disappearance
cephalically of the ventral motor trigeminal group and after
nucleus isthmo-opticus is well established (fig. 2). The cells
of the chief sensory trigeminal nueleus on the whole are small
and deeply stained. The above account is based on a study

mcer. sup. lat, _

. cet. inf, lat, _

Fig. 8 Cross-section through the level of the cochlear nuecleus and the motor
nueleus of the glossopharyngeus in sparrow. Toluidin-blue preparation. X 7.5.
cer., cercbellum; dors.arc., dorsal areuates} m.n.J X, motor nueleus of the glosso-
pharyngeal nerve; n.ang., nucleus angularis; ma.cer.inf.lat., nucleus ecerebellaris
inferior lateralis; n.cer.sup.lat., nucleus cerebellaris superior lateralis; n.descr.V,
nucleus of descending root of the trigeminal nerve; n.lam., nuecleus laminaris;
n.magnocell., nucleus magnocellularis; n.guad., nucleus quadrangnlaris; n.ret.med.,
nucleus reticularis medius; n.vest.intermed., nucleus vestibularis intermedius;
n.vest.med., nucleus vestibularis dorsomedialis.

of the sparrow material. Hssentially similar conditions exist
in the other avian forms available for comparison. The out-
line of the nucleus may vary, but it occupies essentially the
same position in duck, dove, parrakeet, and chicken, and the
arrangement of the cells in a more or less typical rosette
fashion is to be scen in all these birds.

A few cells representing the cephalic end of the descending
nucleus of the trigeminal appear ventral to the vestibular
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root fibers at a level through the cephalic end of nucleus
magnocellularis and where medial and lateral vestibular
groups are fully developed. The number of cells gradually
increases candalward and the nucleus spreads out somewhat,
so that its ventral surface lies close to the accessory nucleus
of the abducens (fig. 7). As the latter fades out the nucleus
of the descending root beccomes more spherical (fig. 8, on left
in particular). At the level of nucleus angnlaris (figs. 9 and
12) it is a relatively large nuclear group ventral to entering
vestibular fibers and medial to the ascending eerebellar paths.
Farther caudalward, it moves somewhat lateralward and ven-
tralward and occupies practically the same position back to
the cord (fig. 14).

The mesencephalic nucleus and root of the trigeminal are
labeled on certain of the figures (figs. 1 A and 2). Since they
have been deseribed by Weinberg (728) from the series used
in the present acecount, they will not rececive further attention
here.

Motor nucleus of the trigeminal. The ventral motor nu-
cleus of the trigeminal (figs. 3 and 4) makes its caudal appear-
ance in a plane through the cephalic end of the abduceng
nucleus, lateral to the dorsal motor nucleus of the facial. A
few scetions farther forward, the ventral motor nucleus of
the trigeminal and the dorsal motor nueclens of the facial be-
come slightly elongated and form at this cross-sectional level
the sides of a cup with the opening directed dorsalward. Then
the dorsal motor nuclens of the faeial begins to disappear
and the ventral motor nucleus of the trigeminal inereases.
This latter nucleus still remains as a single cell mass for a
few sections and then divides into a medial ball of cells (the
medioventral group, fig. 3) and a more elongated lateral mass
(the lateroventral group, fig. 3). Along the medial boundary
of the medioventral group for a part of ils extent, there is a
thin layer of slightly smaller cells. The medioventral group
occupies the position formerly held by the dorsal motor nu-
cleus of the facial and probably represents the combined tri-
gemino-facial complex described by Black (’22) for Cacatua.

TIIE JOURNAL OF COMPARATIVE NEUROLOGY, VOTL. 49, No. 1



180 ESTHER BLICK SANDERS

The lateroventral group is the more caudal portion of the
nuelear mass.

It has been possible to identify in sparrow the same groups
within the motor nuclei of the trigeminal which Black (’22)

Fig. 9 Cross-section through the middle of the cochlear und vestibular centers
and root fibers and the cerebellar nuelei. Pyridin-silver preparation. X 7.5.
a, fibers from lateral cerebellar nucleus to tractus cerebello-motorius; b, inter-
nuclear fibers Letween nueleus laminaris and nueleus magnocellularis; ¢, small-
celled part of medial division of dorsolateral vestibular nuclear group; cer,
corcbellum; dec.see.V f., decussating secondary trigeminal fibers; dors.are., dorsal
arcuates; dors.lat.vest.med., dorsolateral vestibular nueclear group, medial divi-
sion; dorslat.vest.intermed., dorsolateral vestibular nueclear group, intermediate
division; e, fihers from lateral cerebellar mnueleus to medial vestibular commis-
sure; f, direet vestibular traetus ecochbleo-cerebellaris; flan., faseiculus longi-
tudinalis medialis; n.ang., nucleus angularis; n.cerinflat,, nuecleus cerebellaris
inferior lateralis; n.cerimtermed., nucleus cercbellaris intermedialis; n.cersuap.
lat., nucleus cerchellaris superior lateralis; n.dese.r.¥, nucleus of descending
root of trigeminal nerve; n.lam., nucleus laminaris; n.magnocell., nuelens magno-
cellularis; n.guad., nueleus quadrangularis; n.wvest.desc., nucleus vestibularis
descendens (inferiov); sec.coch.f., secondary eochlear fibers; tr.ceramotf., tractus
cerebello-motorius; fr.ocomes., traetus occipito-mesencephalicus; ?r.sp.cer.dors.,
tractus  spino-cerebellaris  dorsalis;  tr.sp.cerwent., tractus spino-cerebellaris
ventralis.

described for Cacatna. However, there are differences in
the relations of these groups in the two birds. The medio-
ventral group (or the trigeminal component of the trigemino-
facial complex) is relatively larger in sparrow than in Caca-
tua, for in sparrow it is not a caudal extension of the motor
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nucleus of the trigeminus behind the lateroventral group, but
appears in front of the cephalic end and extends behind the
caudal end of the dorsolateral portion. The cells of the
medioventral group likewise exceed in number those of the
other group. In sparrow the lateroventral group is lateral
to the medioventral group rather than ventrolateral, as in
(Clacatua.

In duck the ventral motor nucleus of the trigeminus can
easily be divided into medial and lateral parts. The medio-
ventral portion extends slightly farther in a caudal direction
than does the lateroventral part. 'This medioventral group
is quite large and might easily be subdivided further, although
such subdivisions would be interconnected by scattered cells.
Such further divisions may well be indications of funetional
localization within the nucleus similar to that demonstrated
for many of the motor nuclei in mammals. The medioventral
part in duck is not a direct forward continuation of the dorsal
motor nucleus of the facial as it is in sparrow. However, in
part, the more caudal portion of the medioventral group
occupies a position analogous to that held farther back by
the dorsal motor nucleus of the facial nerve. Traced forward,
the medioventral and lateroventral groups of the ventral
motor trigeminal nucleus bear about the same relation to
each other in duck that they do in sparrow, but the medio-
ventral extends a little farther forward. It is difficult to state
with certainty whether the lateroventral or medioventral por-
tion is the larger, since the former covers the larger territory,
while the latter is more compact and contains a greater num-
ber of neurons. The nuclear groups of the dorsal motor
trigeminal nucleus show no marked variation in chicken from
the conditions just described for duck. In dove the medio-
ventral group is represented by cells scattered from the dor-
sal motor trigeminal nucleus all along the medial surface of
the lateroventral group and cannot be delimited clearly from
other large cells in the field.

A dorsal motor nucleus has been deseribed for various
birds (p. 161). 'This nucleus is present in sparrow, where its



182 ESTHER BLICK SANDERS

caudal end appears a few sections in front of the caudal
end of the ventral motor nucleus of the trigeminal. Tt is
dorsal and very slightly medial to the dorsal motor nucleus
of the facial, and it disappears frontalward at the same level
as does this latter nucleus. Its cells are smaller than are those
of the ventral motor nucleus of the trigeminal. The dorsal
motor nucleus of the trigeminal is recognizable in all the

Fig. 10 A. Camera-lucida drawing of the large cells of the medial division of
the dorsolateral vestibular nuelear group, showing the orientation of the dendrites
at right angles to the tractus cerebello-motorius. B. Camcra-lucida drawing of
the neurons of nucleus quadrangularis, showing their orientation to the spino-
cerebellar tract. X 256. dors.lat.west.med., dorsolateral vestibular nuclear group,
medial division; ., nueleus quadrangularis; tr.cer.not., tractus cerebello-motorius;
tr.sp.cer., tractus spino-cerebellaris.

Fig. 11 A, B, ¢, D. Camera-lueida drawings of the cells of nucleus magno-
cellularis. X 247. A, medial part of the nucleus at its anterior end; B, lateral
part of the nucleus at its anterior end; €, medial part of the nucleus at its
posterior end; D), lateral part of the nucleus af its posterior end. The cells in
A, B, and € arc approximately the same size; those of I} are smaller. E, neuron
of nucleus tangentialis, showing synapse of ineoming vestibular fibers. X 254.
F, nenron of nueleus laminaris, showing synapse of incoming cochlear fibers.
X 249, i
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avian forms available for study, although its position varies
somewhat In the different birds. Thus in dove and duck it
appears to extend a little farther lateralward than in spar-
row; in chicken it is placed about as far lateral as in dove,
but farther dorsal than in either dove or sparrow. In parra-
keet, as in sparrow, it is slightly rostral and lateral to the
nucleus of the abdueens.

Cutaneous sensory root of the trigeminal. Direct root
fibers (figs. 3 and 4) enter the bulb lateral to the root of the
facial and terminate in the chief sensory nucleus of the tri-
geminal. (lollaterals of these fibers and other direct root
fibers (fig. 3) turn backward and run toward the cord, lying
in close approximation to the nucleus of the descending root
of the trigeminal and terminating in synaptic relation with its
neurons. van Valkenberg (’11 a) and Ariéns Kappers (720-
21) regarded the more ventral fibers of the descending root
as ophthalmic and the more dorsal as mandibular, and deter-
mined that the former extended to the cord, while the latter
terminated at the level of the glossopharyngeal and vagus
nerves. Certainly, the more dorsal bundles in the descending
root, presumably thosc from the maxillo-mandibular compo-
nent, terminate within bulbar regions, while the more ventral
bundles appear to extend at least to the beginning of the
cord. Accompanying the trigeminal fibers to the chief sen-
sory nucleus are small fascicles of the nerve which appear to
swing directly dorsalward to the cerebellum (figs. 3 and 4).

Mesencephalic and motor roots of the trigeminal. Fibers
of the mesencephalic root (fig. 2) are large in bird and can
be traced easily to their cells of origin (Weinberg, ’28).
Homolateral motor fibers arising from the caudal end of the
medioventral portion of the ventral motor nucleus run dorso-
medially, following a path similar to that of the facial farther
caudalward, then join the fibers from the dorsal motor nueleus
of the trigeminal which they accompany lateralward and ven-
tralward to the ventrolateral surface of the bulb. In their
course they are joined by fibers from the lateroventral motor
nucleus of the trigeminal (fig. 4). Other bundles from the
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medioventral nuecleus run directly ventrolateralward from
their origin in the nucleus (fig. 3). Contralateral motor fibers
are believed to be present in bird, although experimental de-
generation is necessary for their unquestioned demonstration.
Such contralateral fibers appear to have their origin in the
lateroventral motor trigeminal nucleus at a cross-sectional

ang.
. VIT ooch. {arg.)

N VIl coch. (magnocell)

Fig. 12 Cross-section through the more posterior portions of the cochlear
nuclei in sparrow, Toluidin-blue preparation. X 7.5. cer., cerebellum; dors.are.,
dorsal arcuates; f.L.m., fascieulus longitudinalis medialis; m.n.JX, motor nucleus
of glossopharyngeal nerve; n.ang., nucleus angularis; n.desc.r.V, nucleus of de-
scending root of trigeminal nerve; n.dam., nueleus laminuris; n.magnocell., nu-
cleus magnocellularis; n.retinf., nucleus retieularis inferior; N.VII coch.(ang.),
cochlear nerve to nucleus angularis; n.VIII coch.(lam.), cochlear nerve to nucleus
laminaris; N.VIII coch.(magnocell.), cochlear nerve to nuelens magnoecllularis;
N.VIII vest., vestibular nerve.

plane passing near the frontal end of the abducens nucleus.
These fibers run almost directly dorsalward along the medial
contour of the cerebello-motorius component to the ventral
motor nucleus of the trigeminus, then turn medialward just
dorsal to the cross-cut bundles of the tractus occipito-mesen-
cephalicus et bulbaris (fig. 4), cross the midline just dorsal
to the abducens nucleuns, together with the cercbello-motorius
fibers, then run forward for a short distance and join the
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motor root of the trigeminal on this other side, with the fibers
of which they appear to emerge. 1t is to be emphasized that
this needs experimental substantiation. The motor root of
the trigeminal emerges from the brain medial to its sensory
root.

Secondary connections of the trigeminal centers

Iour major groups of efferent tracts from the sensory
nuclei of the trigeminal to other centers have heen demon-
strated in the available material. They consist of, 1) inter-
nuclear fibers, 2) trigemino-cercbellar tracts, 3) sccondary
ascending trigeminal traets ({rigemino-mesencephalie bundles,
sometimes termed trigeminal lemnmiscus), and, 4) qguinfo-
frontal paths. Aside from internuclear connections, only
cerebello-motoriug fibers have been traced into the motor
nuclei of the trigeminal nerve. The components will be con-
sidered in the order named.

Internuclear fibers from semsory trigeminal nuclei. Such
fibers pass from the chief sensory nucleus and the nucleus of
the descending root to the ventral motor nucleus of the 1iri-
geminal. Similar fibers conneet the nucleus of the descending
root with the motor nuclei of the facial nerve.

Trigemino-cerebellar connections. The secondary trigemi-
nal connections with cerehellum are numerous and correspond
very closely with those deseribed for alligator (Huber and
Crosby, 26). From the chief sensory nucleus tractus tri-
gemino-cerebellaris rectus emerging from its dorsal surface
passes directly to the cerebellum (fig. 4). These uncrossed
trigemino-cerchbellar fibers are joined, as they emerge from
the nucleus, by crossed trigemino-cerebellar hundles (fig. 4).
Such crossed trigemino-cerebellar tracts arise from the chief
sensory nucleus of the trigeminal of one side, decussate in
the ventral part of the bulb near their plane of origin, acceu-
mulate ventral to the chief sensory nucleus of the other side,
and then turn dorsalward along the lateral side of this
nucleus in order to join the homolateral trigemino-cere-
bellar tract. The uncrossed trigemino-cerchellar tract was
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deseribed by Biondi (’13) for chick and by Craigic (’28) for
humming bird.

In addition to these trigemino-cerebellar paths from the
chief sensory nucleus of the f{rigeminus, a bundle passes
directly dorsalward from this nucleus, enters the anterior
medullary velum (fig. 2), and decussates. This bundle is

flm

Fig. 18 Cross-section toward the caudal end of the cochlear nuclei in sparrow,
showing particularly nuecleus angularis and various secondary cochlear connece-
tions.  Pyridin-silver preparation. X 7.5. cer, cerebellum; dors.arc., dorsal
arcuates; dors.lat.wvent.intermed., dorsolateral vestibular nuclear group, inter-
mediate division; f.l.m., fascieulus longitudinalis medialis; n.ang., nucleus
angularis; n.cerdnf.lat., nucleus cerebellaris inferior lateralis; n.cer.suplat.,
nucleus cerebellaris superior lateralis; n.dese.r.V, nucleus of descending root of
trigeminal nerve; n.quad., nucleus gnadrangularis; n.vest.med., nucleus vestibu-
laris dovsomedialis; N.VIII coch.(ang.), cochlear mnerve to nucleus angularis;
N.VIII coch.(magnocell.), cochlear nerve to nuclens magnocellularis; sec.coch.f.,
secondary cochlear fibers; tir.cer.mot., tractus cerebello-motorius; tr.sp.cer.dors.,
tractus spino-cerebellaris dorsalis; fr.sp.cerwent., tractus spino-cerehellaris
ventralis; went.arc., ventral arcvates,

believed to pass to the cerebellum of the opposite side,
although it could not be traced to its termination. Tractus
trigemino-cerebellaris cruciatus superior has not been demon-
strated for alligator.

Secondary ascending trigeminal bundle (trigemino-mesen-
cephalic tract). Fibers having their origin in the nuecleus of
the descending root of the trigeminal nerve can be traced
ventromedialward and slightly forward from this nucleus,
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particularly at its more cephalic levels (fig. 9). They are
joined somewhat more frountalward by trapezoid fibers from
nuecleus laminaris. Both trapezoid and secondary trigeminal
fibers cross the midline (fig. 6). After the decussation, the
latter fibers are joined by homolateral secondary trigeminal
fascicles from the nucleus of the descending root. At the
level of the ventral motor nucleus of the trigeminal nerve the
secondary trigeminal bundle thus formed occupies a position
ventral to this nucleus and in close approximation with the
lateral lemniseus, which fiber tract it accompanies to midbrain
centers (fig. 4). Crossed secondary trigeminal fibers (fig. 4)
join this ventral ascending sccondary trigeminal tract
(sometimes called irigeminal lemniscus) from the chief sen-
sory nucleus of the trigeminal nerve. The tract (fig. 2)
reaches the midbrain region just medial o the nucleus mesen-
cephalicus lateralis, pars dorsalis, where it terminates in part
in the area which Wallenberg (’04) ecalls nuclens mesenceph-
alicus medialis and Ariéns Kappers (’20-"21), nucleus mesen-
cephalicus lateralis, pars ventralis. Whether it has further
regions of distribution it is not possible 1o state at present.

Quinto-frontal tract. The quinto-frontal path (fig. 2; see
also Huber and Crosby paper, '29) has been followed in the
pyridin-silver material of hoth dove and sparrow. The fol-
lowing account is bhased on sparrow. In all essentials the
relations are the same as those described by Wallenberg (798
and ’03), to whom belongs the credit of having first clearly
demonstrated this tract. Other accounts of it are to be
found in the literature, as, for example, in the description
given by Schroeder ('11) for chicken.

In the sparrow the fibers forming the quinto-frontal {raet
leave the cephalic half of the chief sensory nucleus along its
dorsal surface. Part of the fibers swing almost directly me-
dialward and decussate at the level of the trochlear crossing.
After the decussation, they join homolateral fibers from the
chief sensory nucleus, and the bundle thus formed runs for-
ward toward higher centers. Gradually it turns ventrolat-
eralward and occupies a position ventral to the strio-cere-
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bellar and strio-tegmental components of the lateral forebrain
bundle. It accompanies this bundle to the forebrain, where
it terminates in relation with neostriatal centers and the nu-
cleus basalis. The quinto-frontal path is illustrated in figure
2 of the present paper. Its course through thalamic and
forebrain areas is figured and deseribed for sparrow in the
Huber and C'rosby paper (729).

Al
M ls < amh

Fig. 14 A, Cross-section through the dorsal motor or efferent nucleus of the
vagus and the mnucleus intermedius in parrakeet. X 7.5. B. Cross-section
through a level similar to that of A in sparrow. X 7.5.  Attention is called
to the difference relatively in size of the motor nuclei in the two forms and the
greater development of the inferior olivary nueleus in the parrakeet. dorsm.n.X,
dorsal motor (or efferent) nucleus of vagus nerve; dorslatev.sn.X, dorsolateral
visceral sensory nuclens of vagus nerve; wn.cun., nucleus cuneatus; n.descr.V,
nucleus of descending root of trigeminal nerve; n.grac., nueleus gracilis; n.inter-
med. X—XII, nucleus intermedins of vagus and hypoglossal nerves; a.olinf.,
nucleus olivarius inferior; N.X, vagus nerve; vent.m.n.X, ventral motor nucleus
of vagus nerve.

Fig. 15 A, B, C. High-power camera-lucida drawing of the cell groups in
the dorsal motor or efferent nucleus of the vagal and glossopharyngeual nerves.
Sparrow. Toluidin-blue preparation. X 268. A4, dorsolateral nuclear group of
dorsal efferent nucleus of the vagus; B, ventromedial nuclear group of the
dorsal efferent nueleus of the vagus; C, neurons of ventrolateral nueclear group
of the dorsal efferent nucleus of the vagus; D, neurons of nuclear group forming
the dorsal efferent or motor nucleus of the glossopharyngeal mnerve.
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Cerebello-motorius fibers. In a plane through the anterior
part of the nucleus laminaris and the superior vestibular
nnelei, erossed and uncrossed cerebello-motorius fibers arise
from the internal cerebellar nucleus, and possibly from the
intermediate and lateral cerebellar nuclei as well (fig. 6).
These fibers swing ventralward near the floor of the ventriele
and partly cross in company with decussating fibers of the
motor trigeminal root. They terminate in the ventral motor
trigeminal nuclei of the same and the opposite side (fig. 4).

Nucler and root fibers of the facial nerve

Sensory nucleus of the facial. Because of the poor develop-
ment of taste in birds, the visceral sensory fibers of the facial
are few in number, and the visceral sensory area at the level
of entrance of this root is a very inconspicuous gray mass
consisting of extremely small cells. This area (fig. 5) occu-
pies a position medial and very slightly dorsal to the abducens
nucleus and caudal to the dorsal motor nucleus of the tri-
geminal nerve. Tts position is comparable to that held far-
ther caudalward by the visceral sensory arcas of the glosso-
pharyngeal and vagal nerves.

Motor nucler of the facial. Just medial to the dorsal part
of the superior olive in sparrow and only a few sections
bhefore its disappearance caudally, a few scattered cells mark
the appearance of the lower end of the facial motor nucleus
(fig. 7). In general, in cell character this nucleus resembles
the aceessory nucleus of the abducens nerve. Almost imme-
diately this motor nucleus begins to elongate and becomes a
typical ventral motor nucleus, while a group of cells dorsal
to it, and from which, at the cephalic level of nucleus magno-
cellularis it is eclearly distinet, becomes the dorsal motor
nucleus of the facial nerve. As the sections are read forward
the former nucleus disappears, but the latter remains for a
short time, occupying a position just medial to the ventral
motor nucleus of the trigeminal nerve and almost fused with
it (fig. 5). The cells of this facial nucleus are a trifle smaller
than those of the trigeminal nueleus. Gradually the dorsal
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motor nucleus of the facial elongates and just before its dis-
appearance becomes almost continuous, through scattered
cells, with van Hoevell’s dorsal motor nucleus of the trigemi-
nus (fig. 3).

Both motor nuclel of the facial have been identified in duek,
chicken, and parrakeet, as well as in sparrow. In duck they
are readily delimited. In chicken, near their cephalic end,
reticular neurons of a similar general character form a more
or less continuous column of cells from the ventral reticular
nucleus, through the two facial nueclei, to the dorsal motor
nucleus of the trigeminal. In parrakeet the ventral motor
nucleus is slightly ventrolateral to the dorsal motor nucleus
of the facial, and is not clearly delimited at its cephalic end
from the medioventral group of the ventral trigeminal motor
nucleus.

Root fibers of the facial nerve. Ifferent fibers of the facial
nerve (fig. ), arising in the ventral and dorsal motor nuclei
of the nerve, run directly dorsalward. They then make a
lateral turn almost at right angles to their former course
and just dorsal to the cross-cul bundles of the tractus oceipito-
mesencephalicus et bulbaris. Swinging around these bundles,
they turn ventralward and, running lateral to the superior
olive and medial to the trigeminal roots, emerge from the
ventrolateral surface of the medulla.

Nuclear centers and root fibers of the cochlear nerve

The acoustic nerve is large in birds, the cochlear root and
associated nuclear centers are well developed, and the ves-
tibular centers are relatively larger and more highly differ-
entiated than in other vertebrate tvpes. This development
of the vestibular areas is related, of course, to their impor-
tance in the maintenance of equilibrium. For ecase of deserip-
tion, the cochlear centers are deseribed first, although they
do not extent as far forward as do the upper vestibular
nuclei.

Nuclear centers of the cochlear nerve. All students of the
bird medulla are agreed that the nucleus angularis and the
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nuclens magnocellularis are centers of termination of the
cochlear nerve. A third cell mass associated with these, the
nucleus laminaris, is under the influence of auditory impulses,
but whether through direct root fibers, as Winkler (’07) and
others thought, or indirectly by means of internuclear fibers;
as Wallenberg (’98 and ’00) and Ramoén y Cajal (08 b) be-
lieved, is still a matter of dispute.

Nueleus angularis (figs. 9, 12, and 13) lies at the dorsolat-
eral angle of the medulla, at the level of entrance of the
cochlear nerve. It is external to the incoming cochlear fibers
which enter it from the ventromedial side (figs. 12 and 13).
It consists of medium-sized, multipolar cells distinetly less
round in contour than thosc composing the nucleus magno-
cellularis and, in the present material, less deeply stained.
At more caudal levels the nucleus angularis is separated from
the nucleus magnocellularis by cochlear fibers (figs. 12 and
13), but farther cephalad the more medial portion of nucleus
angularis disappears and nucleus laminaris takes its place
(fig. 9). Nuclens angularis disappears cephalad at about the
level of the caudal end of the abducens nucleus.

The posterior end of nucleus magnocellularis is sitnated at
the level of entrance of the cochlear fibers (fig. 13). The cell
group (figs. 13, 12, 9 to 7) extends forward to a plane passing
through the nucleus of the abducens nerve (fig. 7). It is situ-
ated ncar the floor of the fourth ventricle in a position ap-
proximately midway between the midline and the {aenia, and
consists of mediomedial, mediolateral, and ventrolateral parts
(see particularly figs. 11 and 12). The mediomedial (fig. 11, A)
and mediolateral parts (fig. 11,B and C) appear farthest ceph-
alad as small masses of cells separated from cach other by a
fiber band. The mediolateral part gradually increases in size,
and its cclls become arranged in rows with intercalated fiber
bundles, which run obliquely ventromedialward, passing
through the nuclear mass. In the meanwhile the small medio-
medial portion (while still distinguishable) has become con-
nected with the mediolateral part and likewise assumed a
lamellar arrangement which at first appears more or less eon-
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tinuous with that of the mediolateral portion. However, grad-
nally the lamellae of the mediolateral part become more nearly
horizontal in position until alternate curved lamellae of cells
and fibers form the horizontal bands which characterize the
nuclear mass in this region. In the series studied, the nucleus
at this level is distinetly peanut-shaped (fig. 12). The medio-
medial part of the nucleus is still distinguishable by the tilt
of its constituent cells and fibers, but ultimately it becomes
entirely fused with the mediolateral part and 1s indistinguish-
able therefrom (compare fig. 11, A, B, (!). Throughout its
extent the mediomedial part is small and is identical in cell
type with the mediolateral part. Immediately behind the
fusion of these two parts of nucleus magnocellularis the ven-
trolateral portion of this nuclens makes its appearance. This
ventrolateral part (fig. 11, D; fig. 12) is characterized by
smaller cells and by an irregular grouping of these elements.
It is distinguishable throughout the remainder of the extent
of the nucleus. The more caudal cells of the ventrolateral
part resemble those of nucleus angularis. Nuecleus magno-
cellularis gradually decreases in size and disappears at about
the level of entrance of the cochlear fibers. The mediomedial,
mediolateral, and ventrolateral parts of the nucleus are dis-
tinguishable because of differences in fiber tilt and cell group-
ing, rather than through fundamental evtological difference,
and are consequently merely parts of a single diserete
nuclens.

Ramoén y Cajal described a small-celled part to magnocellu-
laris as an external or cephalic portion, but certainly in his
figure it is external and caudal and would correspond to the
ventrolateral part in sparrow. He stated that, with certain
modifications, the cells increased in size from the external to
the internal pole. This is not apparent in the sparrow ma-
terial available, the cells of the whole nucleus, excepting the
ventrolateral part, being of approximately the same size.

Holmes (’03) similarly described two types of cells in
magnocellularis in pigeon: large darkly stained medial ones
and smaller more irregular and palely stained lateral ones.
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He stated that the lateral ones did not extend to the caudal
end of the nucleus.

In avian forms studied by us, sparrow, dove, parrakect,
duck, and chicken, the ventrolateral cells of magnocellularis
are slightly smaller, paler, and more irregular than those of
the remainder of the nucleus, and these cells are not apparent
in the cephalie section, but only throughout the caudal part.

Nueleus laminaris (figs. 6 to 9) appears caudalward at the
level of the ventrolateral part of the nucleus magnocellularis
and in a plane with the motor nucleus of the facial and the
caudal end of the abducens nucleus. This nucleus is of sickle
shape, with magnocellularis lying somewhat in the concavity,
which is directed dorsomedialward (figs. 8 and 9). In the
caudal part of nucleus laminaris the cells constituting ap-
proximately the upper third of the sickle are smaller and
slightly more intensely stained than those of the remainder
of the cell group and are more nearly eross-cut in the trans-
verse series, while the cells constituting the lower two-thirds
or so are distinetly larger, more nearly spindle-shaped, and
are longitudinally eut in the transverse series, being obvi-
ously oriented parallel to intercalated fiber bundles. Farther
cephalad, the cells are more nearly alike throughout the whole
nueclear mass, are approximately round in outline, and less
densely packed, but even here some differentiation between
dorsal and ventral portions can be made. Nuclens laminaris
extends the farthest cephalad of any of the cochlear nuclei,
being found still at the level of the middle portion of the
abducens nucleus. Ramoén y Cajal deseribed large cells in
the dorsal part of nucleus laminaris and small cells in the ven-
tral part of this nueclear mass. In the several series of spar-
row brain studied, it is evident that for this bird the opposite
relations with regard to size hold true. However, the cells
are oriented in relation to the tilt of the fibers, and the appar-
ent differences in size may be due to a considerable extent to
the plane of the sections. Thus, in each case these differences
may be more apparent than actual.
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Associated with the cochlear centers is the superior olivary
nucleus, which through its intimate relation with such centers
deserves consideration here. The superior olivary nucleus
makes its appearance in sparrow at the cephalic end of the
glossopharyngeal portion of the nucleus ambiguus (figs. 4 to
7), while just lateral to it lies the accessory nucleus of the
abducens nerve. The cell group gradually increases in size
as it is traced forward, and soon forms, in cross-section, a
round nuclear mass, the outer cells of which form more or
less conecentric rings around a central eore. The cephalic end
of the nucleus disappears at about the level of entrance of
the most caudal part of the ventral trigeminal motor nuclcus.
The neurons constituting the superior olivary nuclens are
small and closely packed together. Many of them are spindle-
shaped. This nuclear mass has been recognized by most
of the workers on avian medulla oblongata.

Root fibers of the cochlear nerve. The cochlear fibers enter
the dorsolateral angle of the medulla at the 7" ss-sectional
level of their nuclei, angularis and magnocellufaris (figs. 12
and 13). The former nucleus is situated along the dorso-
lateral surface and the more lateral of the cochlear fibers
swing lateralward and dorsalward and break up into fine
bundles among the cells of the nuclecar mass (figs. 12 and 13).
The greater portion of the medial cochlear fibers and all of
the caudal part of the medial group turn dorsomedialward
in order to enter directly the more dorsal and caudal parts
of the nucleus magnocellularis, which represents the fused
mediomedial and mediolateral parts previously described.
They enter the lateral side of this nuclear mass (figs. 12 and
13). The fiber bundles are large and the distribution here
is very evident.

As the cochlear root is followed farther eephalad, the more
ventrolateral portion of the nucleus magnocellularis receives
the more medial bundles. “Still farther cephalad, the nuclens
laminaris intervenes between the incoming cochlear fibers
and the nucleus magnocellularis. At suech levels the cochlear
fibers pass between the cells of the nucleus laminaris in order
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to reach the more cephalic and dorsal part of nucleus magno-
cellularis (fig. 13). It has been a matter of considerable dis-
pute among neurologists as to whether or not the nucleus
laminaris receives direct cochlear fibers. Winkler (’07) be-
lieved that such was the case, while Brandis (’94), Wallen-
berg (’00) and Ramén y Cajal (’08) were of the opinion that
the fibers passed through it to nucleus magnocellularis with-
out synapse in the nuecleus laminaris. The sparrow material
suggests that the major portion of the fibers do pass directly
through this latter nucleus. However, fine fibers issuing from
the main bundle break up into pericellular calyces around
the cells of nucleus laminaris (fig. 11, K). These fine fibers
are non-medullated and are in all probability collaterals of the
stem fibers. Since they do not have medullary sheaths, they
would not stain in degenecration material of the type made
by Wallenberg. Our material does not give satisfactory evi-
dence of the decussation of direct cochlear fibers, although in
a few sectic . there is a slight suggestion of such crossing.
There is a -.ggestion also that a very few direct cochlear
fibers may swing into the ventral arcuate system.

Secondary connections of the cochlear centers

With the disappearance of direct cochlear connections fron-
talward, internuclear relations become distinet. Fibers from
the entire ventrolateral surface of the nucleus laminaris swing
slightly lateralward or ventralward, as the case may be.
These make up a bundle of fibers that forms a ventrolateral
capsule for nucleus laminaris and then swings medialward.
The most dorsal portion of this bundle, at the most medial
point of mucleus laminaris, swings dorsally and establishes
direct connections with the medioventral cells of nucleus mag-
nocellularis (fig. 9). The ventral portion of this bundle con-
tinues its course medialward, contributing to the dorsal arcu-
ate system. At the same level, fibers from the dorsomedial
surfdce of nucleus laminaris swing dorsalward, then medial-
ward, forming a more or less dorsal capsule for the nucleus
magnocellularis. A little farther eephalad, they run into the
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dorsomedial part of nucleus magnocellularis (including a
small portion of the mediomedial part; fig. 9). At this level
a definite fiber bundle leaves the ventromedial part of magno-
cellularis and swings ventromedialward into the dorsal arcu-
ate system (fig. 9). Farther forward, with the disappearance
of the nucleus magnocellularis, the dorsomedial bundle from
the nucleus laminaris continues in the same general direction
and then swings medialward into the dorsal arcuates. Con-
nections between nucleus laminaris and nucleus angularis are
present throughout their common extent, and nucleus angu-
laris likewises contributes to the dorsal arcuates.

At a cross-sectional level just above the cephalic end of
nueleus magnocellularis, fibers begin to stream from the ven-
trolateral border of nucleus laminaris (fig. 6). These course
ventralward and very slightly lateralward across the vestibu-
lar nerve root, turn medialward just dorsal of V, and cross at
the level of the vestibular nuclei to form an ascending bundle
just under the chief sensory nucleus of the trigeminal nerve.
This ascending bundle, the lateral lemniscus, runs directly
forward to midbrain levels and then turns dorsalward and
slightly lateralward in order to terminate in the nucleus
mesencephalicus lateralis, pars dorsalis. In the latter part
of its course it sends collaterals to the nucleus isthmi, pars
principalis (figs. 2, 4, and 6).

At the level of nucleus angularis, nucleus magnocellularis,
and the root fibers of the cochlear nerve, a bundle leaves
nucleus angularis, interdigitates with the cochlear root fibers,
and proceeds ventrally and medially, forming a part of the
ventral arcuate system (figs. 8, 9, 12, and 13). According to
Ariéns Kappers (’20-’21), these fibers join the lateral lem-
niscus, and the sparrow material indicates such a relation.
This tract is the direet homologue of the secondary cochlear
fibers arising from nucleus angularis in alligator (Huber and
Crosby, '26). This bundle appears to be joined in sparrow
by a very few direct cochlear fibers. In birds the dorsal
arcuates constitute primarily an internuclear decussation
which joins nucleus laminaris of one side with nucleus mag-



AVIAN BULBAR CENTERS AND FIBER TRACTS 197

nocellularis of both sides. Ramoén y Cajal thought that the
system was entirely commissural, but the sparrow material
indicates that there are some crossed fibers that swing ventro-
lateralward toward the region of the lateral lemmniscus. All
of the fibers which cross in the dorsal commissure do not end
in nuecleus magnocellularis or nuecleus laminaris. Some of
them swing lateral to the nucleus laminaris and course toward
the cerebellum. They probably constitute the path described
by Bok (’15) as a cochleo-cerebellar tract which terminated
in the lateral cerebellar nucleus (fig. 9, f). In the sparrow ma-
terial they can be followed into the cerebellum, but it is not
possible to trace them to their nucleus of termination. There
is considerable evidence in the material available that a few
fibers associated with the nucleus laminaris of the same side
join this cochleo-cerebellar tract. These are probably homol-
ogous with the tractus cerebello-laminaris of Mesdag (’09).
The direction of conduction over this latter bundle is un-
known, but it is probable that it is from nucleus laminaris to
the cerebellum rather than in the direction implied by the
name of the tract.

Vestibular nuclet and root fibers

Vestibular nucler. The greatest confusion exists as to the
subdivision of the vestibular nuclei in avian forms. The
great importance of this nerve in birds is associated centrally
with the appearance of many highly differentiated vestibular
areas. The work of Bartels (’25), as well as the accounts of
others to be found in the literature, suggests that there is con-
siderable variation in different birds. The present descrip-
tion is based on the relations as they exist in sparrow. Under
the account of each nuclear group homologies have been made
in so far as possible. The following nuclei have been identi-
fied and will be described in the order named:

Nucleus vestibularis tangentialis.

Nuecleus vestibularis ventrolateralis (according to Bartels
(’25), ventral nucleus of Deiters).

Nucleus vestibularis descendens (inferioris).

Nucleus vestibularis dorsomedialis.
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Nucleus vestibularis dorsolateralis, pars medialis, pars in-
termedius et pars lateralis (according to Bartels (’25), dorsal
nucleus of Deiters).

Nucleus vestibularis superioris.

The nucleus tangentialis (fig. 7) of sparrow is homologous
with that described by Ramén y Cajal (’08), Ariéns Kap-
pers (’20-’21), Bartels (’25), Craigie (’28), and others. It
lies at the level of entrance of the vestibular root just lateral
to the ventrolateral vestibular nucleus, and consists of cells
scattered among the incoming root fibers. The neurons are
small (fig. 7). They are related to the incoming fibers
through pericellular synapses and their neuraxes join the ves-
tibular root.

The ventrolateral vestibular nucleus (fig. 4) is Deiters’
nucleus of Wallenberg (’98, ’00), Ramén y Cajal (’08), and
Craigie (’28). It is the ventral nucleus of Deiters according
to the nomenclature of Bartels (’25) and is probably the ho-
mologue of the lateral vestibular or Deiters’ nucleus of mam-
mals. It is termed the ventrolateral vestibular nucleus in the
present account, to distinguish it from the dorsolateral ves-
tibular nuclear group, to which Bartels applied the name of
dorsal nucleus of Deiters. In sparrow the ventrolateral ves-
tibular nucleus consists of large, multipolar neurons which
lie among the vestibular fibers medial to the tangential
nucleus and ventral to the more dorsal bundles, the direct
vestibular root. The nueleus disappears slightly in front of
the cephalic end of the abducens nucleus. In the sparrow
series available it has not been possible to subdivide this
nucleus into secondary groups such as Bartels obtained in
his material.

The descending or inferior vestibular nucleus (fig. 9)
appears in a plane through the cephalic end of nucleus lami-
naris and nucleus magnocellularis. It is smaller-celled than
the ventrolateral nucleus just described. It extends caudal-
ward for a short distance and then disappears. This nucleus
has been recognized by most workers on avian vestibular
areas.
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The dorsomedial vestibular nucleus or nucleus triangu-
laris (fig. 7) has been recognized by Wallenberg (’00), Holmes
(’03), Ramoén y Cajal (°08), Bartels (’25), Craigie ('28), and
others. However, there has not been general agreement as
to whether or not it is to be regarded as a vestibular center,
for Ramoén y Cajal was not able to trace fibers of this nerve
fo it, although Wallenberg, Bartels, and Craigie came to the
conclusion that such fibers were present. This nucleus lies
just medial to the upper end of nucleus magnocellularis and
dorsal to the decussating dorsal arcuates. In sparrow it
appears to receive vestibular fibers and is probably the homo-
logue of the medial vestibular nucleus of mammals.

The dorsolateral vestibular nucleus (comprising a group of
nuclei) of the present account is the dorsal nucleus of Deiters
of the Bartels nomenclature. In the present contribution the
dorsolateral vestibular nucleus has been subdivided into three
dorsoventrally running portions, designated median division,
intermediate division, and lateral division. Such subdivision
and grouping of nuclei seem justified, since each subdivision
appears to include related nuclear masses. Much of the work
done previously on this group has been carried out with
fiber rather than cell material, and the result has been that
portions of a single nuclear mass have received different
names, while different nuclear centers have been brought
together under a single name. The homologies of the various
groups, in so far as it has heen possible to determine them,
are as follows.

The medial division consists of, 1) a ventral, small-celled
part which is the equivalent of nucleus piriformis of Ramén
y Cajal (’°08) and Craigie (’28), and the nucleus Deiters’
dorsalis inferior of Bartels (’25); 2) a central portion of
medium-sized cells, including probably the scattered cells
which, according to Craigie, intervene between the nucleus
piriformis and nucleus bigeminus (and perhaps also involv-
ing the nucleus vestibularis minor of Craigie) and equivalent
to Bartels’ nucleus Deiters’ dorsalis medius; 3) a dorsal por-
tion comparable with the medial part of noyau jumeaux
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(Ramén y Cajal, ’08), a part of nucleus gemelli of Bartels,
and the nucleus gemelli of Craigie as labeled by him in fig-
ure 18.

The intermediate division of the dorsolateral vestibular nu-
cleus is the homologue of the lateral part of the noyau
jumeaux of Ramén y Cajal (’08) and of the nucleus gemelli
of Bartels.

The lateral division of the dorsolateral vestibular nucleus
includes the nucleus quadrangularis and the nucleus vestibulo-
cerebellaris of Ramén y Cajal (’08), terms also used by
Craigie (’28), and may include the nucleus vestibulo-floccu-
laris of Craigie (’28), although it has not been possible in
the material at hand to differentiate the nucleus as a distinct
nueclear mass. As will appear from subsequent pages, we
have retained the term nucleus quadrangularis (Ramén y
Cajal, ’08) to designate a relatively distincet subdivision of
the lateral division of the dorsolateral vestibular nucleus. An
account of the three divisions of the dorsolateral vestibular
group follows.

A few small cells representing the cephalic end of the medial
division of the dorsolateral vestibular nuclear group appear
a little above the cephalic end of nucleus magnocellnlaris.
These small cells belong to the ventral part of the medial
division (fig. 7) and lie just lateral to nucleus laminaris and
at about the same level as the cephalic limit of the descending
vestibular nucleus. It is this ventral small-celled part of the
division that apparently constitutes Ramoén y Cajal’s nucleus
piriformis, or small-celled vestibular nucleus. Fibers run-
ning ventrolateralward from it with a few cells scattered
among them make up his pedicle of nucleus piriformis (fig. 6).

Slightly farther caudad, a dorsal part (figs. 6 and 9) ap-
pears so that the group in cross-section takes on an elongated
form. This dorsal part extends considerably dorsal of nu-
cleus laminaris, and the previously mentioned ventral part
of the medial division is lateral to the most ventrolateral part
of nucleus laminaris. The dorsal third of this medial division
is made up of large multipolar cells with processes in many
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cases running medialward. Ventral to these large cells is a
central region of smaller cells more oblong than the cells of
the dorsal area and slightly less deeply stained. As these
central cells are traced caudalward they approach in size the
cells of the dorsal part. By their extension lateralward
across the lateral vestibular group, the dorsal and central
portions of this medial division form a concavity directed
lateralward and dorsalward, in which the intermediate divi-
sion rests. The ventral part does not enter into the forma-
tion of this crescent-shaped mass, but joins it on its ventral
surface. This ventral part extends a little farther medial-
ward than the rest of the medial division. Farther caudal-
ward, the central part of the nucleus disappears as the dorsal
arcuates swing into its territory. The dorsal part decreases
in size and a few sections farther the ventral part disappears.
At a cross-sectional level where the medial division reaches
its greatest dorsoventral extent and nucleus quadrangularis
(a portion of the lateral division of the dorsolateral vestibu-
lar nucleus) is well established, the cephalic end of the inter-
mediate division appears. This latter division (figs. 7 to 9)
lies in the concavity formed by the dorsal and central por-
tions of the medial division and is medial to the lateral divi-
sion. Its cells resemble those of the dorsal and central por-
tions of the medial division, the greater number of them
being about the size of the central portion. The neurons
are rich in Nissl substance and, along with those of the dorsal
and central parts of the medial division, are larger and less
rounded than those in nucleus magnocellularis. Throughout
its extent this division remains much the same. It consists of
a somewhat circular group of cells which extends much far-
ther caudalward than the medial division, being still in the
field after the appearance of nucleus angularis of the cochlear
nerve. The intermediate division of the dorsolateral ves-
tibular nucleus is the best delimited of the vestibular nuclei.
The lateral division of the dorsolateral vestibular nuclear
group (figs. 7, 8, and 9) extends farther cephalad than do
the medial or intermediate divisions or any of the nuclei of
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the cochlear nerve. This lateral division is elongated dorso-
ventrally, but has a medial extension. Its upper part is ho-
mologous with the nucleus quadrangularis of Ramén y Cajal
and others, and is here given that name (figs. 7 to 9). This
latter portion is more compact than the remainder of this
nuclear division and extends farther cephalad. It enters at
about the same level as the eaudal end of the ventrolateral
vestibular nucleus and just a little behind the level of the
cephalic end of the abducens nucleus. The more dorsal part
of the nucleus appears first, but the nuclear mass soon extends
ventralward, lateral to the intermediate division of the dorso-
lateral vestibular nuclear group. At the plane of its greatest
dorsoventral extent, the quadrangular nuecleus is elongated
and very slightly crescent-shaped with the concavity directed
medialward (fig. 7). Its cells are smaller and less deeply
stained than those of the other two divisions, but larger and
more deeply stained than those of nucleus laminaris and
strikingly similar to the cells of the lateral cerebellar nucleus.
The ventral part of nucleus quadrangularis disappears cau-
dally at the cephalic limit of nucleus angularis. At a level
where the medial division is clearly developed and the ceph-
alic end of the intermediate division is just appearing, the
lateral division of the dorsolateral vestibular nuclear group
reaches its greatest extent. At this level just ventral to the
compact cell mass thus far deseribed as nucleus quadrangu-
laris there is a scattered group of cells arranged more or less
in circular form, which is apparently also a part of the nu-
cleus quadrangularis as that name was used by Ramén y
Cajal. Among these cells are a few larger ones which are
scattered ventralward and lateralward along the vestibular
root fibers. Ventromedial to these diffuse cells there is a
small, triangularly shaped mass of cells, lateral to the ventral
part of the medial division and ventral to the intermediate
group. This is probably the nucleus ‘vestibulo-cérébélleux’
(°08), of Ramén y Cajal and of others, although in sparrow
its neurons are not larger than are those of the ventral part
of the medial division (piriformis), as appears to have been
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the case in the avian material studied by that observer. This
nuclear mass is found in a plane through the cephalic end
of the nucleus magnocellularis.

The superior vestibular nucleus of sparrow is found at a
cross-sectional level through the cephalic portion of nucleus
laminaris and the ventral part of the medial division of the
dorsolateral vestibular nuclear group. At this level the lat-
eral cerebellar nucleus is clearly differentiable. Its most
caudal portion is found just above the inferior vestibular nu-
cleus, but the cells increase on the dorsal side as the cell
mass 1s followed forward until the superior cerebellar nucleus
appears as an elongated nuclear mass following the external
contour of the cerebello-tegmental tract and extending dorsal-
ward to the small-celled ventral portion of the medial division
of the dorsolateral vestibular nuclear group. This portion
may be considered as the medial limb of the superior vestibu-
lar nucleus. Diffuse cells lateral to the nucleus become ar-
ranged to form a lateral limb which is approximately a mirror
image of the medial one just deseribed. The arrangement of
the cells is obviously due to that of the accompanying fiber
bundles, but at its fullest extent the nucleus is made up of a
medial and a lateral limb; the medial one has a concavity
directed medialward; the lateral one, a concavity directed lat-
eralward, and they are continuous with each other in the
middle, making more or less of an ‘H’ with the lateral cere-
cellar nucleus in the dorsal fork. The dorsal parts disappear
first, the ventral part disappears after the appearance of
sensory nucleus of the trigeminal. The cells making up the
ground work of the superior vestibular nucleus are small
irregular cells, not very deeply stained, but among these
smaller cells, particularly in the medial limb, are slightly
larger, more deeply staining cells, resembling somewhat those
of nucleus quadrangularis. Nucleus vestibularis superior of
sparrow is homologous with the nucleus oralis described for
various birds by Bartels (’25) and for humming bird by
Craigie (’28). As these observers have stated, it is probably
the homologue of the mammalian superior vestibular nucleus,
or nucleus of Bechterew. This nuecleus is shown in figure 5.
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Vestibular root fibers. The vestibular nerve (figs. 6 and 12)
enters the medulla just ventral to the cochlear nerve and
dorsal to the nucleus of the descending root of the trigeminal
nerve. The main bundle follows a horizontal path, and it
is quite evident that certain of the fibers cross the midline.
It is not possible to determine definitely their termination on
the other side—possibly they go to the ventrolateral vestibu-
lar (or Deiters’) nucleus. Part of the homolateral bundles
terminate soon after their entrance into the bulb in pericellu-
lar capsules around the neurons of the tangential nuelens.
The neuraxes of these neurons accompany the direct fibers
of the vestibular nerve. Certain vestibular fibers synapse in
the ventrolateral vestibular (or Deiters’) nucleus of the same
side. The main vestibular bundle interdigitates with cere-
bello-motorius fibers and the upper fibers of the vestibular
root swing dorsalward. Some of the bundles swing around
the ventral border of the lateral division of the dorsolateral
vestibular nucleus, contributing in their course collaterals and
perhaps stem fibers to the nucleus cerebello-vestibularis, and
then turn dorsally along the medial border of nucleus quad-
rangularis of the dorsolateral vestibular nuclear group.
They distribute to both the compact and diffuse portions of
nucleus quadrangularis, a portion of the lateral division of
the dorsolateral vestibular nucleus.

Still farther forward, a few direct vestibular fibers reach
the ventral small-celled part of the medial division of the
dorsolateral vestibular nuclear group, while others appear to
swing around the ventral end of this group, turn dorsally, and
run medial to the medial division, helping to form a medial
capsule for it. Connections are made with the cells of the
medial division, while some of the bundle continues uninter-
ruptedly to the cerebellum, making immediate connections
with the inferior lateral cerebellar nucleus. Direct vestibular
fibers follow the lateral contour of the medial division, making
more or less of a lateral capsule for it. Connections are made
with the group, while some of the fibers pass directly to the
cerebellum, reaching the internal, intermediate, and lateral
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cerebellar nuclei. Farther cephalad, there are direct vestibu-
lar to intermediate division and indications of direct vestibu-
lar fibers to the superior vestibular nucleus.

Secondary connections of the vestibular nerve

The fibers arising in nucleus tangentialis pass to the ven-
trolateral vestibular nucleus and probably cross with decus-
sating root fibers to the other side of the medulla. Inter-
nuclear fibers from the ventrolateral vestibular nucleus
accompany the direet vestibular fibers which run to
the medial division of the dorsolateral vestibular nucleus
on its lateral side and to the cerebellum. The superior
vestibular nucleus is connected with the inferior lateral cere-
bellar nucleus and perhaps with other cerebellar nuclear cen-
ters. The relations of the dorsolateral vestibular nuclear
group to afferent and efferent systems is striking. The large
cells of the medial division and intermediate division of this
vestibular group are so oriented that their dendrites extend
across the field and come into relation with both vestibular
root fibers and afferent cerebellar paths on the one hand and
cerebello-motorius fibers on the other hand (figs. 9 and 10).
Their neuraxes could not be traced with finality, but in some
cases they appear to join the efferent paths. The smaller
dendrites of nucleus quadrangularis come into relation with
the ascending spino-cerebellar systems (fig. 10, B). The size
of their neurons and the relations of their dendrites to the
fiber systems of the cerebellum give credence to Bartels’ plac-
ing of the dorsolateral vestibular group with the ventrolateral
vestibular nucleus as parts of the Deiters’ complex. Both
groups have an efferent character. There is some indication,
although the evidence is not conclusive, that the ventrolateral
vestibular nucleus sends fibers (probably crossed) to the
medial longitudinal fasciculus and that the dorsolateral group
contributes to the same bundle by way of the cerebello-
motorius system.
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Cerebellum

Cerebellar nuclei. In the following account of the cere-
bellar nuclei in sparrow we have adopted the nomenclature
used by Ramén y Cajal (’08a) for these centers in avian
forms. Four such nuclear groups are present: a lateral cere-
bellar nucleus, an intermediate cerebellar nucleus, an internal
cerebellar nucleus, and an intercalated nucleus.

The lateral cerebellar nucleus is ordinarily divided into an
inferior and a superior part, following the nomenclature of
Ramén y Cajal. Craigie (’28) has labeled an inferior lateral
cerebellar nucleus, but appears doubtful about the homologies
for the superior nucleus. Certainly, we are agreed that his
nucleus vestibulo-flocenlaris does not appear to be the supe-
rior lateral cerebellar nucleus. It is far more apt to be the
inferior lateral cerebellar cell group.

The inferior lateral cerebellar nucleus appears lateral to
the ventral small-celled part of the intermediate cerebellar
group, dorsal to the superior vestibular nucleus, and about
the same level as the caudal portions of the dorsal and ventral
motor nuelei of the trigeminal. It appears first in eross-sec-
tion as a U, with the opening dorsalward. Farther candally,
the medial prong gradually decreases in size and the lateral
prong increases in number of cells (fig. 5). Later, a dorsal
part appears, giving the nucleus for a few sections near the
cephalic end of nucleus quadrangularis (a portion of the
lateral division of the dorsolateral vestibular nucleus) the
shape of a question mark (?). This part of the nucleus is
made up of medium-sized cells quite closely arranged. At a
level just below the appearance of the cephalic end of nucleus
laminaris scattered cells occur at the dorsolateral border of
the lateral cerebellar group. These cells soon become organ-
ized into two groups, one of which extends directly medial-
ward, while the other takes a dorsolateral direction. At the
level of the cephalic limit of the vestibular group, the lateral
cerebellar nucleus appears to be made up of several distinet
groups of similar cells, which are nevertheless intermingled
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somewhere throughout their extent. The group of cells ex-
tending dorsolateralward from the main part of the nucleus
soon occupies a dorsal position and constitutes the superior
lateral nucleus of Ramén y Cajal (fig. 7). This remains in
the field after the disappearance caudally of the main mass
of the lateral cerebellar nucleus, with the exception of a few
scattered ventral cells. It has a U shape for a few sections.
Ramoén y Cajal described it as made up of smaller cells. A
few of the neurons may be smaller, but the majority of them,
in our preparations, appear similar to those of the rest of the
nucleus. The group disappears caudally a few sections be-
hind the cephalic entrance of nucleus angularis. The lateral
cerebellar group extends farther ventralward and caudalward
than the other cerebellar groups.

The intermediate cerebellar nucleus (figs. 7 and 9) extends
slightly farther dorsalward than do any of the other cerebel-
lar nuclear groups. It appears cephalically a few sections
below the appearance of the medial cerebellar group, occupy-
ing a position on the dorsolateral margin of the latter group.
It extends ventralward almost immediately and lies directly
lateral to the internal cerebellar group and is separated from
it with difficulty. Its cells, particularly the dorsal ones, are
a little larger than the adjacent internal cerebellar-group
cells. The intermediate cerebellar nucleus, a few sections
after its cephalic appearance, shows evidence of a lateral
differentiation which, a little farther caudalward, appears as
a lateral cortex of smaller, more closely arranged cells. The
ventral part of the intermediate cerebellar nucleus, and par-
ticularly its lateral cortical part, is made up of cells decidedly
smaller than the majority of the cells of either the internal
or intermediate cerebellar nuclear groups. The large-celled
part evidently constitutes van Hoevell’s pars magnocellularis
of the medial cerebellar nucleus, and the small-celled part, his
pars parvocellularis of this same cerebellar nucleus. The
whole group appears to be identical with Ramén y Cajal’s
nucleus intermedius. The ventrolateral cortex-like portion
forms a ventrocaudal prolongation of small cells which lies
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medial to the lateral cerebellar group after the appearance
of the latter. At the level of the cephalic appearance of the
inferior lateral cerebellar nucleus the intermediate nucleus
consists of a dorsomedial large-celled portion more medial
and dorsal and a lateroventral small-celled portion. By the
time the level of nucleus intercalatus is reached, the interme-
diate cerebellar group appears in cross-section as a greatly
elongated cell column, consisting of large dorsal and small
ventral cells. The intermediate nucleus extends caudally a
few sections behind the cephalic limit of the nucleus magno-
cellularis. Frontal sections confirm Ramén y Cajal’s descrip-
tion of nucleus intermedius very satisfactorily.

The internal cerebellar nucleus (figs. 5 and 6) appears
slightly farther cephalad than the other cerebellar groups.
Cross-sections at this level indicate its separation into lateral
and medial portions separated from each other dorsally by
incoming fibers. The group is distinguished with difficulty
from the intermediate cerebellar nucleus. Throughout its
extent it consists of groups of cells separated by fiber bundles.
It is separated from its fellow by the elongated cerebellar
ventricle, and toward its caudal end is cut off from the nucleus
intermedius of the cerebellum by the nucleus intercalatus.
The internal cerebellar nucleus disappears caudally in a plane
through the cephalic end of the ventral part of the medial
division of the dorsolateral vestibular nuclens. This internal
nucleus is the ‘ganglio interno 6 del techo’ of Ramén y Cajal
(’08) and the nucleus fastigii of Craigie (’28).

The intercalary nucleus (figs. 5 and 7) appears cephalically
at the same level as does the nucleus quadrangularis. It lies
between the internal and intermediate cerebellar nuclei. The
group as a whole is small, but extends slightly behind the in-
ternal cerebellar nucleus. It consists of very small cells.

Fiber connections to cerebellum. The following connections
with cerebellum have been demonstrated in the series of spar-
row and dove available for study: 1) spino-cerebellar tracts
(dorsal and ventral), 2) olivo-cerebellar tract (p. 214), 3) in-
ferior cerebello-reticular tract (p. 215), 4) cerebello-cochlear
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tract (p. 197), 5) cerebello-laminaris (or lamino-cerebellar)
tract (p. 197), 6) vestibulo-cerebellar tracts (pp. 204 to 205),
7) cerebello-motorius system, 8) direct trigeminal root fibers
(p. 183), 9) contralateral and homolateral trigemino-cerebel-
lar tracts (p. 185), 10) contralateral trigemino-cerebellar
tract, throngh the anterior medullary velum (p. 186), 11)
cerebello-rubral tract (p. 216), 12) superior cerebello-reticular
tract, 13) tecto-cerebellar tract, 14) strio-cerebellar (shown
in fig. 2) (Schroeder, ’13; Craigie, ’28; and Huber and
Crosby, ’29). The major portion of these connections have
been described elsewhere in the paper. The spino-cerebellar,
the cerebello-motorius, and the tecto-cerebellar systems will
be described briefly.

The spino-cerebellar system is extremely large in birds and
constitutes a conspicuous fiber system which has been recog-
nized for a long time and frequently described. In the bulbar
region it occupies most of the lateral superficial wall of the
brain, but as the level of the inferior cerebellar peduncle is
reached, much of it swings dorsalward to distribute to the
cerebellar cortex. Some fibers can be traced to the central
nuclei of the cerebellum. The spino-cerebellar fibers, and
particularly those to the nuclei, appear to be partly crossed.
The more ventral part of the spino-cerebellar systems swings
far forward and then turns back into the cerebellum. This
represents the ventral spino-cerebellar tract. Experimental
work (Friedlinder, ’98) has indicated that spino-cerebellar
fibers in birds arise as far caudalward as the lumbar region
of the cord. Cerebello-spinal fibers have likewise been de-
scribed for bird. Spino-cerebellar fibers are seen in figures
3,9,10B, 13.

The cerebello-motorius fibers are evidently supplied from
all the cerebellar nuclear groups. Farthest caudalward, the
superior lateral cerebellar nucleus contributes an enormous
number of fibers to these bundles. Part of these fibers follow
the medial border of the spino-cerebellar tract ventralward
and swing across the midline ventral to nucleus quadrangu-
laris (a portion of the lateral division of the dorsolateral
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vestibular nucleus) in the main vestibular path. They dis-
tribute to the nucleus of the abducens on the same and on
the opposite side. Amnother part of the bundle turns immedi-
ately ventromedialward, medial to the medial division of the
dorsolateral vestibular group, and is joined in crossing by
fibers from the inferior lateral cerebellar nucleus that run
ventralward on both sides of the intermediate division of the
dorsolateral vestibular nucleus and over its top. These dis-
tribute to vestibular nuclei. Farther cephalad, near the an-
terior end of the nucleus laminaris and at the same level as
the superior vestibular nucleus, cerebello-motorius fibers from
internal, and perhaps from intermediate and lateral cerebel-
lar nuclei as well, swing ventrally near the floor of the ven-
tricle. They supply the homolateral ventral motor nucleus of
the trigeminal nerve. Part of them cross with decussating
trigeminal fibers and distribute to the homologous trigeminal
nucleus of the other side. Cerebello-motorius fibers can be
followed forward to the trochlear nucleus and probably dis-
tribute to the oculomotor as well (see figs. 2, 4,9, 10 A).
Tecto-cerebellar connections have been demonstrated by
various observers (Miinzer and Wiener, '98; Wallenberg, 04,
and others). Such fibers in sparrow swing medialward from
the dorsal part of the tectum and are joined by fibers from
nueleus isthmi pars prineipalis and perhaps from semilunaris
(tractus semilunaris-cerebellaris of Craigie, '28). These bun-
dles reach the level of the anterior medullary velum. Some
of the fibers appear to enter the anterior medullary velum and
decussate; others pass to the cerebellum of the same side.

Visceral semsory centers amd connections of the glosso-
pharyngeal and vagus nerves

It has been stated earlier in the present paper that, as a
consequence of the relatively very poor development of gusta-
tory sensibility, the dorsal visceral sensory nucleus of this
nerve is very small and the fasciculus solitarius in the pre-
glossopharyngeal and prevagal region is small and difficult

to demonstrate. A'dorsal visceral sensory area (fig. 14) near
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the floor of the ventricle and lateral to the dorsal efferent
nucleus of the vagus is more readily demonstrable at the level
of the glossopharyngeus and vagus. Into this region pass
terminal fibers and collaterals of the sensory roots of these
two merves; other such fibers run farther medialward and
come into relation with a dorsomedial visceral sensory nucleus
which lies between the nucleus of the hypoglossal nerve and
the dorsal efferent nucleus of the vagus. Ariéns Kappers
(’20-’21) has emphasized the probable importance of this
dorsomedial nucleus as a gustatory center. It is presumably
homologous with the mammalian nucleus intercalatus. Sen-
sory root fibers of both the vagus and glossopharyngeus swing
caudalward in the fasciculus solitarius of the same and of the
opposite side. Ramén y Cajal has pointed out that this fas-
ciculus is very large in birds and that it consists of antero-
external and -internal faseicles arising from the nerves of the
same side and a postero-external bundle carrying crossed
fibers. Caudalward, a very considerable portion of the fas-
ciculus solitarius crosses in the commissura infima and ap-
pears to terminate in its associated gray. The relations here
briefly given are similar to those described for birds by Ramén
y Cajal (’08) Ariéns Kappers (’20-"21), and do not need fur-
ther explanation or illustration here. Cutaneous sensory
fibers entering with the vagus pass to the nucleus of the de-
scending root of the trigeminal.

Efferent nuclei and root fibers of the glossopharyngeal,
vagus, and hypoglossal nerves

Efferent nuclet and root fibers of the glossopharyngeal.
These nuelei occupy a position on each side of the midline
close under the floor of the ventricle, and at a cross-sectional
level through the caudal end of the acoustic nerve is a group
of cells which constitutes the dorsal motor or dorsal efferent
nucleus of the glossopharyngeal nerve. In sparrow, at levels
where it has attained its maximum size, this nucleus has be-
come somewhat elongated dorsoventrally. The cells compos-
ing this nuclear group are of medium size, but distinetly mul-
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tipolar. A ventral motor group associated with that of the
vagus gives rise to glossopharyngeal fibers. This is the ho-
mologue of nuelens ambiguns. It has been described for
glossopharyngeus by Craigie (’28). The efferent root fibers
of the glossopharyngeal nerve leave their nucleus on its ven-
trolateral border and run lateralward and slightly ventral-
ward toward the periphery.

Efferent nuclei and root fibers of the vagus. The dorsal
efferent nucleus of the glossopharyngeus is continuous cau-
dally with the dorsal efferent nucleus. of the vagus. This lat-
ter nucleus is quite large. Within it three secondary nuclear
groups, based on differences in neuron size, can be distin-
guished. The most dorsal and cephalic of these groups ¢on-
sists of relatively large, multipolar cells. - The ventromedial
group has smaller cells, similar in type, size, and general ap-
pearance to those of the dorsal efferent nucleus of the glosso-
pharyngeus. The ventrolateral group has the smallest cells
found in the dorsal efferent nucleus of the vagus. These three
groups are evident in the more cephalic portions of the nu-
cleus. Farther caudalward, only cells of the type found in
the ventromedial group are to be seen. - Throughout most of
its extent the dorsal efferent nucleus of the vagus is relatively
large, but at its caudal end it is smaller than the nucleus inter-
medius. Root fibers arise from all three cellular groups
within the dorsal efferent nucleus of the vagus, although the
greater number appear to have their origin from the more
ventrolateral portion. In their course toward the periphery
they follow a course similar to that of the glossopharyngeal.
Part of the vagus fibers, in the sparrow material, appear to
arise from nucleus intermedius. A ventral motor group, simi-
lar to that indicated for the glossopharyrgeal nerve, and
continuous with it, was recognized for the vagus, giving rise
to certain of the vagus fibers (see figs. 14 and 15).

Nucleus intermedius (fig. 14). At a cross-sectional level
through the caudal end of nucleus magnocellularis and
through the cochlear root, a few cells appear ventral and
lateral to the dorsal efferent nucléuns of thie vagus. These cells
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mark the cephalic end of the nucleus intermedius. As it is
traced caudalward, this nucleus gradually increases in size,
but even at its greatest extent this nucleus is much smaller in
sparrow than is the dorsal efferent nucleus of the vagus. Its
cells are multipolar and are larger than any of those previ-
ously described for the vagal or glossopharyngeal nerves.
Toward its caudal end the nucleus elongates, becoming con-
tinuous through a few scattered cells with the caudal end of
the dorsal vagus nucleus. At this level it extends ventralward
almost to the ventral hypoglossal nucleus, assuming a position
lateral to it. For a few sections nucleus intermedius has a
ventrolateral projection of scattered cells which may repre-
sent the ventrolateral vagus nucleus of Brandis (’93), Ariéns
Kappers (’20-'21), and Black (’22). These cells are scattered
along a ventrolateral line toward the periphery, and a few of
them group together caudalward to form a slight nucleus
near the surface.

The ventral hypoglossal nucleus of Brandis (’93) is a for-
ward continuation of the ventral motor column of the cord.
It extends rostrally to about the middle of the nucleus inter-
medius.

Root fibers of the hypoglossal. Root fibers for the hypo-
glossal nerve have their origin from the ventromedial por-
tion of the homolateral and perhaps of the contralateral nu-
cleus intermedius, Others arise unquestionably from the
ventral hypoglossal nucleus, and here again some of the root
fibers appear to come from the nucleus of the other side. The
emerging fibers run almost directly ventralward to the
periphery.

The same nuclei which have been described for the glosso-
pharyngeal, vagus, and hypoglossal nerves in sparrow c¢an be
recognized in all the available avian material. Duck, dove,
and chicken show the three types of cells characteristic of the
dorsal efferent nucleus of the vagus as deseribed for sparrow.
In all these forms this latter nucleus is much larger than nu-
cleus intermedius. Parrakeet shows only one type of cell in
the dorsal efferent nuclens of the vagus, and nucleus inter-
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medius is much the larger of the two nuclei. In duck, chicken,
and dove, as well as in sparrow, the two nuclei are in contact
at their caudal ends.

The inferior olivary nucleus

A little behind the cephalic end of the intermedius nucleus,
the most cephalic portion of the inferior olive (fig. 14) appears
in sparrow. It lies on each side of the medial raphé close
to the ventral surface of the medulla. The cells are small,
closely packed, and not very deeply stained. A few sections
farther caudad, a more spherical group of similar cells ap-
pears dorsal to the former ventral group. The two groups
become continuous with each other, forming a medial column
of cells on each side of the ventral raphé. A ventral lateral
projection appears, followed by a dorsal lateral one slightly
farther back. At a section through its fullest extent the infe-
rior olive shows as a mass of gray made up of a medial col-
umn of cells and dorsal and ventral lamellae extending lat-
eralward and continuous with each other at their lateral
extremities. The ventral layer is smaller and disappears cau-
dally, while the dorsal layer remains very prominent.

The inferior olivary nucleus is a prominent group of cells in
all of the available avian forms. It is similar in all of them,
but mueh more sharply differentiated in parrakeet than in
sparrow. Connections between the cerebellum and the infe-
rior olive are particularly clear in the Weigert series.

Reticular nwuclet

The reticular nuclei of the medulla may be divided in spar-
row into inferior, medial, and superior groups, as they have
previously been divided for other birds (Ramén y Cajal, 09;
van Hoevell, ’11).

The inferior reticular nucleus (fig. 12) lies at the level of
the vagus nuclei and extends forward to the caudal level of the
cochlear nuclei. Its cells are somewhat smaller than those
of the other reticular nuclei, particularly those close to the
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raphé, which are the smallest of the group. The largest cells
of the inferior reticular nucleus are found in the ventrolat-
eral portion of this nuclear area. Cerebello-reticular fibers
connect this group with the cerebellar nuclei.

The medial reticular nuclei (figs. 5, 7, and 8) lie in the
vestibular region. Their cells are scattered on either side
of the midline over an area which lies between the motor
nuclei of the facial nerve and ventral to the nucleus of the
abducens. Some of the cells extend even farther lateralward
and reach the region under the superior olivary nucleus. The
cells of the medial reticular nuclei are large, multipolar
neurouns.

The superior reticular nucleus consists of a trigeminal and
an isthmal portion. The trigeminal reticular nucleus at the
level of the ventral motor nucleus of the trigeminal consists
of a well-developed group of relatively large cells. These
cells lie between the motor nuecleus of the trigeminal, the dor-
sal motor nucleus of the facial, and the midline. They have
a considerable extent in front of the level of the dorsal motor
nuecleus of the facial, where they occupy the position formerly
held by this latter nuclear group.

The trigeminal portion of the superior reticular nucleus
(fig. 3) is continuous by means of scattered cells with the
isthmal portion of that nucleus. This isthmal group lies at
the level of the abducens nucleus, occupying the same relative
position as that held by the trigeminal group farther caudal-
ward. The cells of the isthmal portion of the superior reticu-
lar nucleus are about the same size, but more scattered than
those of the trigeminal portion of this cell mass.

Nucleus reticularis mesencephali lies still farther forward
in a transverse plane through the level of the oculomotor nu-
clei. The cell mass consists in part of scattered cells which
may extend rather far lateralward. With this reticular group
belong the red nucleus and probably the interstitial cells of
Ramon y Cajal (’09). The red nucleus in birds is a conspicu-
ous cell mass somewhat round or oval in outline, but sur-
rounded by scattered cells. Its cells are large and deeply
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staining. It has been identified many times in birds. As in
mammals, it receives fibers from the cerebellum by way of a
crossed cerebello-rubral path. . Accompanying cerebello-
reticular or tegmental fibers supply the more scattered cells
of the nucleus reticularis mesencephali.

The posterior funicular nuclei

The posterior funicular nuclei have been described for
many vertebrate forms, including birds, by Zeehandelaar
(’21). Our cell material can add little that is instructive to
the study of this group. The nucleus gracilis (nucleus of
Goll) and the nucleus cuneatus (nucleus of Burdach) were
identified in the various birds (fig. 14). A nucleus of Blu-
menau is indicated in certain birds, for example, in chicken,
as Zeehandelaar (’21) has pointed out. The medial nucleus
(sometimes called the Schwanzkern) is particularly evident
in the parrakeet material.

Secondary connections can be traced from these nuclei
across the midline where they form an ascending tract, which
it has not been possible at present to trace to its termination.
This is undoubtedly the bulbo-thalamie tract obtained by
Wallenberg (°04) in degeneration preparations and traced by
him forward to the medial capsule of nucleus rotundus, to
nucleus intercalatus, and to other thalamic centers.

SUMMARY AND CONCLUSIONS

The points to be emphasized particularly with respect to
the foregoing account may be summarized briefly as follows:

1. The eye-muscle nuclei are large and very well differen-
tiated—a fact to be associated not only with the size of the
muscles they supply, but also with the richness and variety
of their secondary connections.. They are associated not only
with optic tectal centers and with each other through the me-
diation of the medial longitudinal fasciculus, but with audi-
tory centers, through the connection of the oculomotor with
the nucleus mesencephalicus lateralis, pars dorsalis, and the
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abducens with the peduncle of the superior olive. Connec-
tions with the ectomammillary nuclens and with the special
avian nucleus isthmo-opticus further enrich their internuclear
relations, The connections of this last-mentioned nucleus
with the oculomotor centers are particunlarly with the Edinger-
Westphal nucleus and probably for carrying of impulses to
the nucleus. The eye-muscle nuclei are put under the influence
of impulses from the cerebellam by way of cerebello-motorins
fibers to the abducens and trochlear nuclei and possibly also
to the oculomotor nueclei. : :

-2, The tecto-bulbar systems, consisting of crossed and un-
crossed dorsal and ventral paths, are highly developed in
birds. '

3. The sensory trigeminal centers are represented in spar-
row by a chief sensory nucleus, a nucleus of the descending
root, and a nucleus of the mesencephalic root. The motor
fibers of the nerve arise from a ventral and a dorsal motor
trigeminal center. The cutaneous sensory nuclei of this
nerve are connected with the motor trigeminal and facial
centers by internuncial fibers; with the cerebellum, by a
series of crossed and uncrossed trigemino-cerebellar paths;
with the tectum, by homolateral and contralateral trigemino-
mesencephalic (or trigeminal lemniscus fibers), and with fore-
brain, by a quinto-frontal path. The mesencephalic root of
the trigeminal has the relations typical for higher vertebrates.
Homolateral and possibly contralateral root fibers arise from
the motor nuclei of the trigeminal. These latter nueclei are
placed under the influence of the synergic action of the cere-
bellum by way of cerebello-motorius paths. The position of
the motor trigeminal and facial nuclei close to 'the nucleus of
the descending root of the trigeminal indicates the impor-
tance in the reflex pattern of the bulb of the internuclear
connections between these cell groups. It is an illustration
of the action of the principle of neurobiotaxis, as Ariéns Kap-
pers has emphasized. According to this writer (and to
Craigie, ’28), the operation of neurobiotactic principles deter-
mines the dorsal position of the chief sensory trigeminal nn-
cleus close to the vestibular centers.
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4. The vestibular centers are very highly developed in bird.
There can be demonstrated a ventrolateral vestibular nucleus
—the homologue of the mammalian lateral vestibular nucleus;
a dorsomedial vestibular nucleus—the representative prob-
ably of the medial or principal nucleus of higher forms; and
descending or inferior and superior vestibular nueclei, ho-
mologous with similarly termed nuclei in mammals. In
addition to these, there appear in birds a tangential nucleus
and a large dorsolateral vestibular nucleus, consisting of sev-
eral nuclear groups. These apparently have no direct equiva-
lents in other forms. Bartels considered the dorsolateral
group as a part of the Deiters’ complex. We would likewise
regard it as representative of an increase in the efferent type
of vestibular nuclei and so more closely related to the lateral
than to the other vestibular groups.

5. The cerebellar nuclei in birds are very well developed.
They are, in general, comparable to the cerebellar nuclei of
mammals, as has been pointed out by various observers. The
connections of the cerebellum have been g‘iven on page 208
and need not be restated here.

6. The cochlear connections are very similar to those found
in reptiles, and do not need particular emphasis here. It is
of some importance that, although the bulbar centers of this
nerve are larger, the lateral lemniscus has increased very
little in size compared with that of reptiles. A very distinet
peduncle of the superior olive is present, and there are other
bulbar connections. These points emphasize the fact that
much of the increased differentiation here is looking toward
more effective reflexes rather than richer connections to
higher centers.

7. The sensory roots of the branchial nerves carry very
little gnstatory semsibility. The presence of a very large
crossed and uncrossed fasciculus solitarius and its relations
with commissura infima lend support to the view that this
tract is associated primarily with general visceral sensibility.

8. The motor nuclei of the facial, glossopharyngeal, and
vagal nerves are highly differentiated. These nuclei vary
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somewhat in position and size in the various birds, just as
they do in mammals. A clear illustration of this variation is
to be found in the relatively greater size of the nucleus inter-
medius in parrakeets than in sparrow (fig. 14). The differ-
ence in size is associated probably with the greater develop-
ment of the tongue musculature in the former bird than in
the latter.

9. A very well-differentiated inferior olive is present in
birds concurrent with the very high degree of development
of the cerebellum in these forms. The reticular nueclei follow
the pattern common to higher vertebrates.

In general, it may be said of avian forms that they show
a particularly high degree of development of the reflex cen-
ters of the brain stem. There appears to be a very special
elaboration of the centers and paths on the efferent side of
the are. Ascending fiber systems are present, but such sys-
tems are neither as large nor as complex as the degree of
differentiation of the primary and secondary centers of the
brain stem would lead one to expect.
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