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I INTRODGCTION

The avian cerebellum has bgen the subject of numerous anatom-
ical and experimental investigations, beginnming with the physioclogleal
studies of Rolando, in 1809, up to the present time. It has long been
recognized that the gresater part of the cerebellum of birds corresponds,
in ganarai, te the vermis of the organ in mammals, but homologles be-
tween the subdivisions of the avlan cercbellum and the lobules of the
vermis have been difficult to establish. So fur as they have been
pointed out thelr foundations have been far from secuwre. The prescnce
of a paraflocculus in the avian cerebellum has been another qusstion
concerndng which widely divergent views have beon expreassd by various
investigetors. Also interpretatlions reparding the presence of any struc-
ture homologous to the cerebellar hemispheres of mammals and of 2 pons
orr of pontine connections have differed greatly.

Recent worphologleal re-interpretetions of the avian cereb-
ellum {Lareell, #48) have demonstrated a fundamental pattern of
flocculonodular lobe and corpus cerebelli in common with all other |
classes of vertebrates, Ii was also showm thai the two primery sube
divisions have & secondary pattern of folia in which homologles with
the subdivisions of the mwmsalian vernds were established in detail.

A re-~gtudy of the afferent fiber tracts of the bird cereb-
ellwn, by etendard newrowenatomicol methods was underitsken by the
prosent writer to determine more precisely the pathways to the various
subdivisions of the organ. This was followed by exploration by ossillow
graphic methods to determine sones of locallisation, if they exist as In
MARals



The investigation wag sugpested by Dr, 0. Larsell, under whose
directlion 1% has been conducteds The oseillographic experiments were
planned and carried out with the guidance and help of Dr, John i, Drooke
hart. I wish to express my sincere appreclation to these two men fop
thelr invaluable advice and supervision,; snd to lMary ¥hitlock for her

generous aseistance in technique.

IT REVIEW OF LITERATURE

Present eoncepte of the morphology of the avian cerebellum have
been slowly sttained and have followed a more thorough understanding of
the orgen in other vertelrate classes and especially in mammals, A brief
review of the principal contributions leading to present interpretations
of the cerebellum in namals, snd a more extensive review of the liters-
ture on the snatomy of the avian cerebellum is therefors desiratle. This
will be followed by 2 review of the ehief contributions o cerebellar

- physiology in the two vertebrate classes. Since study of the organ with

the aid of the cathode-ray oeeillograph hitherto has been limlted to
mamaale, it il necessary to review the results obtained by this method
@ the memmallan cerebellum for comparison with those to be described
in birda,

BORPHOLOOY OF MAMMALIAN CEREDELLUN

Kuithan (1895) described a tremsverse fissure which divides
the memmalian cerebellum into anterior and posterior lobes. This Maswre
was called by Kuithan the sulcus primarius and was regarded to be the



first fissure to sppear in the cerebellum of the human embryo, . Stroud
(16975) ecalled the corresponding fissures in hmmen and ocat embryos the
fureal suleus, and also regarded it as the first to appear, This

~investigator differentiated and named the paraflecculus, as this term

has since besn used in the mammalian cereballum; in the cat; ha also
identified the floceulns in cat and mman emiwyos. Bvidently, howaver,
he homologlzed the paraflocculus of the cat with the aeccessory flocculus
{Meben{lock of Henmle) of human descriptive anatomy.

Elliot Smith (%02, '03a, '03b) studied the adult brains of
many animals and ooncluded that certain fissures were consistently pre-
sant in all mamsmals, These he designated as fissura floceularis,
fissura parafloccularis, fissura postnodularis, fissurs prima (sulcus
primarius of Hulthan), and fissure secunda., Smith deseribed and named
the fissurs floceularis and postnodularie, but he failed to recognize
thelr contimity or their significance in the fundamental division of
the cerebellumm. He described the flssura prima as the Pirst to appear
in the mammajian embiyo and as the most importent morphologically. The
carebellum, according to Smith, is composed of four basic lobes, which
he palled anterdior, mlddle, posterior, and floccular, The anterior lobe
is delimited from the median lobe by the flssure prims, widle the median
lobe is divided fyom the posterior lobe by his fissuwrs secunda, The
uviela and nodulus together he called the posterior lobe, and the flosccu~
lus and the peraflocculus ware grouped into a floocular lobe,

Bradley (103, '03a, '0l) studied the development of the cerebe
ellum in various mammals. ile described the cersbellar folia and Dlesmures
by a scheme of letiers and mmbers, designating the folis by the letters



& to g, starting snteriorly, and the major fissures by the numbers I to
IV. He recognized the close relationship between the flocculus and the
noduius. Dradley observed that hls fissuwre 11, which corresponds to
the fissure prima of Dllioct Smith, was the second fissure to develop in
the rabblt and in the plg. Thie ig in apreenent with the more detailed
studies of the embeyology of the perebellum by Larsell and Dew {135)
and Larsell (35, '36, and studies as yet wipublished).

Bolk ('06) made @ comprehensive survey of the ecouparative
anatomy of the mamalian cerebellum and divided it into anterlor and
posterior lobes, which were separated by the fissure prima. iHe further
subdivided the posterior lobe inte a lobulus simplex and & lobulus come
plicatus. The median paxrt of the latter was designuted by Bolk as the
lobulue medianus posterior, while the lateral pert wes called lobulus
luteralis posterior. He subdivided this into the ansiform lobule,
which included orus I and erus IIj the paremedisn lobwle, and the
lobulus vermicularise From his comparative studies, Bolk suggested &
topographical lovalizetion within the cerebellum. Such localization
has been established by neurophysiological methods in recent years, al-
though the arrengement of the functional sreas differe considerably
from the patiern predicted by Dolk,

Edinger {'10) subdivided the cerebellum into the "palasocerabe
ellum” or vormie and floceulus, snd *neocersbellum*, which comprises the
rest of the cerebellum and which was regarded by him as the newer portion
of the organ from the standpoint of phylogeny.

Ingvar ('18) attempted to subdivide the cerchellum from a
functlional point of view, 'e eventually included the terminations af
the afferent {iber systoms as part of the basis for his subdivisione.



Ageordlng to his analysis, the cerebellum is composed of three main
divisions, which he designated anterior, medial, and postericr lobes,
subdivided by the sulcus pimariue and the suleus prepyramidalis rese
pestively., Ingvar thus deviated from the fundamental subdivision of
the cersbellum proposed by ¥lliot Smith. Both of these investigatore
recogmized a medial lobe but Smith defined it as lying between {lssura
prima and {issura pecunda, while Ingvar placed thils lobe between fis-
sure prims and the prepyramidal sulcus. The three cerebellar lobes
wore compared by Ingvesr (Y18, "28), on the basis of ths afferent fiber
cormectlions, to & three story house coumposed of vestibular, spinel, and
serebral floors. This concepi inecluded not only the evolution of the
cerobellum from the functional point of view, but also functionsl locale
ization vithin the organ,

Langelaan {'19) described the development of the lobules of
the cerebellum in the buman ezbryo and pointed out the contimuity be-
tween the vermian segments and the hemispheral lobules. He desigmated
Elliot Smith'e fissura prima by the tem superior antericr fissure of
desoriptive hman anetomy. This investigstor divided the mmsn corebw
allum into 10 lobes oach of which included a medisl, or vermian, and
and a lateral portion,

Riley (*29) made an extensive study of & large series of aduld
mamals and in general agresd with Bolk in the classificatlon of cerebe
ellar lobes, lobules and fissures. Following Dolk he divided the argan
into two lobes, tho anterlor and the postevior, delimited from easch
other by the fissura prims, He noted a definite relationship between
the degree of development of the cerebellar hemispheres and that of the
garsbral cortex, Dow {('42) has published a comprehensive review of the



evolutionary development of the eerebellume. It is only necessary,
therefore, in thls summary of the literature on serebellar wmorphology
to point out the principal steps leading to our present concepts of
ite structural pattern.

The fundamental pattern was set forth in Larsell's penetra-
ting review and interpretation of this organ which appeared in 1937.
This interpretation wss based on an extensive background of meticulous
study of the comparative anstomy of the cersbellum of lowwr vertebrates
and primitive momsale (Larsell, 20, 126, '31, 32, *32a, '35, '35, '36a;
Larsell and Dow, '35) and clearly dofined for the first time its funda-
mental subdivisions. These had boen designated by Larsell {934} asz the
floceulonodular lobe and the corpus cerebelli, the boundary betwoen them
. being the posterolatersl fissure. In the same interpretative paper,
Loarsell also pointed sut that the floceullar lobe of Elliot Smith, cone
sisting of paraflocculus and floceulus, is not a morphological entity,
the paraflocculus belonging to the corpus cerebelll and the {lecculus
o the flocculonodular lobe. On the grounds of the develomment of these
two lobules, phylogenetically and omtogeneticelly, it was shown that
they are unrelated, save topograpidcally. Thelr close juxtaposition in
most adult memmals, and their spparently common peduncle in meny species
are the result of secondary growth factors. In his 1937 papar Larsell
polnted out that the posterolateral fissure is the Iirst %o apvear phylo-
genetically and that the flocculonodular lobe is intimately related to
the vestibulay spparatus snd is plylogenetically the oldest portion of
the earebollum, The carpus cercbelli is the partion of the cerebellum
daveloping rostrally and medially to the posterolateral fissure. It is
subdivided by larsell into an anterior and & posterior lobe, which are

6



separated by the Mloswra prime of Elliot fGmithe "hile the sntorior
lobo end the pyramis and wwuls of the posterior lobs underpgo Litle
chango in most vertebrato speclier, the anterior folis of Larsellls
postorior lobe, wideh correspod to Ingvarte modlan lobs, wndergo a
marked Looresso in size in the higher vertebratos. This ls partioularw
Iy true of the lateral extensionsof this pard of the cerebelium, These
latersl parte or hemispheres constitute the phylegensiieslly youngest
divisions of the verebellum, and were therefore desizneted Ly Edinger
(*0L) as the neccorebellim. In the developing mman cerebsliom the
patterns found in the lewer vertebwatos and in the more priaitve man-
nals are repeated (Larsell, '47). Sdinger's eoncept of paleoceretellus
and neocerebellun has boen modilied as & result of Larsell's investigoe
tione. Aceording to his nost recent definition of tiwee dlvielons the
latber author (Y51) helds thet the fecculonndular lobe, receivisg the
prinsry vestibulo-aerebellar fibers, as was consluwsively demonetrated
by Dow (136, *30a, '39), is the archicercbellus, The paleccerebellum
is confioed Yo the vermian part of the anterior lobe, the pyremis, the
wvula, and the paraflooculus, Yhis latber part receives the spluo-
carebelisy systom (Melalty end Horsley, '07) and the darsal column sype

tous (Brodal, *hl) and probably the tectowcercbellar und trigeinoe

eargballar gystens, The neocerebellim is that purt of the corebellum
whlel recolves e preponderance of poato-Sersbeller projsctions, The
structural plas of the corebellum, which was lald down Ly Laraell,
favored locallsatlon and pointed the wuy for later plysiological experi-

menta,



HORPHOLOGY OF AVIAN CERFBELIUM

The anlage of the bird cerebellum was identifiod by Wesdag
{109) 4u the Le1/2 day chiek embryo. Dilateral swellings of the fore
ward part of the rhombencephalon were oﬁm by Ingver (118) in the
5 day chigk. U considered these enlarpgements, which had not yet fused
acrose the midline, as an sarly stage of the cerebellum. Mihalkovies
(1877) previously had rescognized a similar MWlatersl origin in hemen
embryos. Ingvar noted in the chick embrys of 9 days 12 hours incuba-
tion that the two lateral swallings had fused asrcss the midline, in
the roof of the ventricle, to form a flattensd helmet.

Larsell ('40) described the palred swellings in the § day
echick and noted that they fuse at about 9 daym, He found a similar
sequence in the duck embryo of correspending stages and in the cormorant
embryo of 27 mme CeRe length, This investigator identified two commise
sural bands of {ibers which eross the midline through the tela choroidea
even before fusion of the more massive lataral swellings tales place.
One of these barde lies in the rostral part of the cerebellar primortia
and is regarded as eorresponding to the commissura cerebelli of lower
vertebrates. It iz composed of ventral spino-cercbellsr and trigeminal
fibers, A second band of fibers lles along the eaudal margin of the
cercbellum and ococuples a position corresponding to that of the lateral
comissure. Thus the two commissures, which are found in the cerebella
of lower vertebrates and of marmals, are also present in the avian
cersbellum, In B day chick embryos, and in the duck &t a corresponding
stage, the corpus cerebelll, which forms along the commlsesure gerebelli,
iz recognissble as two rounded masses, one on elther aside, which are
fused seross the wmldplane, but the plane of fusion is still vieible as



a shallow sagittal groove., At this same stege of development the
flocculus is clsarly recognizable as & lateral projectlion on sach
gide. The posterclateral {iesure, delimiting the floeculns from the
gorpus gersbelll, is bilaterally represented but has not yet fused
modially, At 9-1/2 days, in the shiek, this fissure is continucus
fron sids to side so that the two lundamental morphological divisions
of the cerebellum, namely the corpus cersbelll and the [loceuloncdular
lobs, ave esteblished, The duck embryo shows & similar development
{Larsell, *46). The paralloccular component of the aurlcle of labter
cumbryonic ptages and of adult birde is not yet present. It is prew
sent, however, in the duck emivyo of 13 days incubation, having beon
formed by a lateral extension, on either pide, of the caudal portion

.of the corpus cerebelil.

Agoording to Brouwer (?13), Murphy ('00) found no cerebellar
fissures in the 9 day chick eminyo, but deseribed as the sulcus primar-
ius a fuxrow which appears in the posterior area of ilhe cerebsllum of
the duck embryo of 1i-1/2 days, corvespending to the 10-1/2 day chiek
enbryo. He noted the subseguent development of cerebellar furrows dure
ing the later growth of the edbryos however he did not attespt to homoe
logize the cerebellar furrows, which he described, with those of the
mamnalian gevebellum. Srouwer ('13) studied the development of the
pcerebellun in & series of chick esbryos. He also described the abeence
of traneverse fissures in the 10 day embryo but stated that mmerous
sulei appear on the upper surfacs of the cerebellim of the 11 day chielk.
One of the most prowinent of thess sulel, according to this investige
tor, extends transversely soross the posterior part of the cerebellum
between the [looculi. This sulcus, he states, delimits the more poster-
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for lobulse and does mot correspond %o hie fissura y of adult birds.
Orowwer was unable bo homologize any of these fimsures in the avian
enbrye with those of manmals,

Ingvar (*10) desmoribed a slight depression in the 9 day echick
on each side of the gperebellum as sevarating the {loccular portion of
what he called the suricle from the remalnder of the cersbellum, This
furrow, the medial pard of which he desipnated fisswre un in the later
enbrryonic gtapes, correspomdis in pard to the posterclatersl flssuve of
Largell's ('48) temdnology. Ingwvar confirmed Murphy's finding that no
other fissures sre proseut in the cerebellumm of the 9 day chiek, le noted,
however, that in the chick of ¥ days and 12 howrs incubation {hree trans~
verse furrows were present. Followlng the terminology of Brouwer, Ingvar
denlgnated these fissurce am X, y, @nd un. Flsswra 3 separated his anter-
ior lobe from his medlan lobe, and bis medlan and posterior lober ware
separaded by flseurs y. These two [urrows were regarded by this author as
the prineipel fssures of the avian cerebellusm. Ingvar studied developnen
tal stages of the chick upto 21 daye ingubation, and described the anteriwm
lobe as becoming eventually subdivided into L lobules, In the posterior
lsbe & fourth traneverse fissure aprears &t 9=1/2 days, mocording o this
author, which he designated as fissure g. It lies Detween fissurs y and
fissura un. These fissures subdivide the posterier lcbe into tlwee lobe
ules which be celled p, u, and n. The portion of the cerebellus lylng
betwoen fiscures x and y, designated by Ingvar as the nedial lobe, he
deseribod a8 divided by trensvarse furrowe lobo 2 lobules.

Larsell ('hi} studied the dovelopment of the chick cerebellum
in 5 to 10 day embryos, thue including the stages of early fissure formaw

tiony avd gompored its development with that of duck and carmorant enbyyos.



In general his observations conlirm those of Ingvar. As slready noted,
he described the posterolateral flssure between the roundod swellings
of the corpus cervbelli and the flooculus, which forms the lateral tip

- of the esrebellum in the esbryo. This fissure iz continuous into the

lateral surface of the medulla oblongate in the § day chiek and the 10
day dimk‘ The median portien of Larsell's posterclateral flseurs is.
rogardod by this author av corresponding to Ingvarts fissure un,

Shortly after the appearance of the posterolateral fissure
& peoond lissure develops on the surface of the anterior part of the
cerebellum. This furrow Larssll designates as fissura prima and re-
gards as corresponding te fissure X of Brouwwer and of Ingvar, In the
11 day dueck embryo, and in the corresponding stage of the chick embryo,
two grooves appear in the posterior lobe between the fissurs prima and
the posterclateral fissurc. These are regarded as corresponding to
Ingvar's fiseures y and g, and Largell labels them prepyramidal fissure
and fissura secunday,respectively. In the duck amhr:m of 11-1/2 deys and
in the 6 mm cormorant exbryo two more furrows &re present. One of these,
located caudal to flesura secunda, Larsell designates es uvular suleus 1,
and ?ar_;arda as corresponding to Ingvarts fissure g, as labelled in the
figures of the latber mithor represemting the adult bird cerebellum,
but not to his {issurs 3 in the emlryonle chick. The second furrow
appears in the duck embrye at about 13 days, between the fissura secunda
and gwalar sulcus 1, This is called by Larsell uvular sulecus 2, 2
third furrow betweon uwvular sulcus 1 and the posteralateral flssure
appears ot 20 days incubation in the duck and is designated by Larsell
as wvruler sulcus 3. In addition to fissmurs secunda, prepyramldel fissurs;
and uvular sulei 1, 2, and 3, & shallow Purrow appears anterior to the
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prepyrasidal fissure. This is designated ae the posterior supericr
flssure., In the later stages the portion of the cerebellum between

the fleswra prims and the posterior superler flssure is subdivided

into thres seccondary folia., The amterior lobs of the 13 day duck esbryo
shows three transverse grooves which divide it into four main lolia,. The
second furrow below the fisoura prime le lebelled by this investigator
a8 the preculminate fissure. IHe slatbe thet the cercbellar {lssures sub-.
divide the organ in the eubryo into 10 primary folia. For convenience
of description, he labels these I {0 X, beginning anteriorly. Thus the
pattorn of the adult cerebellum is definitely established in $he later
stages of the development of {the bird eabryo.

The cerebellum of the adult bird was deseribed by Turner (1591),
who dealt prisarily with the external form of the argan and touched only
briefly on the sulel and folia, He noted the flocculus, describing it
as an extension projecting lasterally from the basal portlon of the cerebe
ellum, and that it is almost completely lmbedded in & specisl cavity of
the ekull., BSrandis (1894) studied the cerebella of 209 species of birds.
He described the deep muclel, the fiber tract connectioms, and the avber
vitae, For descriptive purposes he divided the folia indo ventral and
dorsal grouss and mmbered the folia anteriorly and posteriorly from
& centrally placed dorsal folium, widch he ecalled the "spitsen ast."

The mmber of folla, aceording to Drandis, lnoreases in relation to the
sise of the species., Following the grouplng of Brandis, Prledifinder (1898)
partitioned the bird cerebellum imto an upper wadfl.mr vermis, Comolll
{110), according to Edinger ('10), noted that the superior surface is
subdivided Into lobules by mumercus {ransverse fwrrow. Zdinger stated
that the bwo wost caudal lobules extend laterally to form a projection



widch he calls cminentia latoralis, This corresponds to the aurlcle of
othar studente of the bird cerebellum, Hdinger {urther described ab-
sence of pontocerebellar fibers and concluded that the avian corebellum
corresponds o the paleccerebellum of ms .

Subdivision of the cerebellum of the adult bird into lobes
wae firet attempted by Nurphy (100). lHe divided it into three lobes,
the lingule and the four prinecipal folia dorsal to it constltuting the
anterior lobesy the next L major folia formlng the dorsel lobe; and the
3 caudal folis, including the nodulus, composing the posterior lobe.
Fronkel (109) considered the carebellum of the pigeon to be subdivided
by fissures into nine lolia, The i folia anterior to fissure x of
Brouwer and of Ingvar were designated as the anterior lobe and the re-
maining © were prouped together ss the posterior vernis,

Snimazono (¥12) deseribed the cerebelluws of the bird ss divided
into a larpe mliddls portion, the vermis; and two lateral extensions which
he designated the lateral lobules. Ile further subdivided the vermis inte
posterior and anterier halves, sccoerding to thelr position with referonce
to the cercbellar ventricle. He called the candal half the vermis pose
terior, and the anteriocr halfl the vermis anterlor.

Brouswer {'13), after studying the cerebella of 25 specles of
birds in the adult stage, noted that the larger birde have more folia
than the smaller species and, further, that birde which fly well havs a
larper cerebsllum than the poor flyers. He subdivided the eorebellum
intoe three parts which he called pars anterior, pars nedia, and psra
posterior, and designated the bowxinriss between these divisious as }
fissures x and y respectively. The pars anterior, in 15 of the 25

species; was described by hinm as composed of four lobules. Prouwer's

13



figures lndicate that his pars postoerior conslsts of 3 constant lobules.
The pars media, lying between fissures x and y, shows conslderable varie
ation from gpecles to species, This lrvestigator did not attempt to
designate speeifiec lobules of the avian gersbellum as assoclated with
the mscle groups of verious parts of the body, as Bolk ('06) had done
in mammals e

Ingvar (*18) after study of the cerebellum of 3 specics of
adult birde divided the organ inte three lobes which he called the lobue
lus anterior,; lobulus medius, and lobulus posterlor. Following crouweris
terminology for the furrows, Ingvar separated the anterior amd the nedial
lobe by fissura x, and the medlel from the posterior lobe by fissura .
He agreed with Brouwsr's gbeservation that his anterior lobe, which corres-
ponds to the pars anterior of Brouwer; is the most constant in its strue-
tures Both of these authors recognised four lamelles in the ams;m*:},ar
Jobe of the aduli bird. The medisl lobe of Ingvar was deacribed as
composed of three principal lebules, the anterior and the poesterior of
these belng divided into two subfolia, Similarly, the posterior lobe
is composed of tlwee primary lobules, which are more sirongly developed
than those of either the anterior or medial lobes. He describes latersl
axtensions of these three lobules as forming the flocculi. Accerding to
Ingvar his suterior and posterior lobes remain relatively can#tza:at ut
the medial lobe varies considersbly with the size of the animal's body,

The interpretations of Brouwer and of Inpgvar were accepted,
in general, by Ariens Eappers {'21), who added his own observations of
the cerebellum of a newly hatched ostrich. Xappers, 'uber and Crosby
(?36) also desqribe the adult svien cerebellum in terms of Ingvarts and
Srouwer's interpretaiions and nots that a deep branched flssure separates



the pyramidel portion of Ingwvar's posterior lobe from the romsinder of
the cerebellums In his latest book Arigns Eappers ('47) reviews the
development and subdivision of the avian cerebellum and here also bases
his doseription on Drouwer and Ingvar,

4 emall lateral hemisphare in the bird cerebellum was dese
eribed by Jelgersma (1089). BDrouwer (¥13), as well ss Turner (1691) and
Brendis (1094), was unable to demonstrate this structures A rudinentary
laterul hemisphere &lsc wes described by 8¢ Ramen Cajal ('11) bub, as
Larsoll (*L8) pointe oub, Cajal's fipure 86 indioates that he was desw
eribing the floceulws. Larsell noted that the anterior basal aspeet of
the avian ocerebellum consiste of unfolieted cortex which he considered
as corresponding to the subsirate from which the lateral 3;&5&5;3%@3}“
develop in mamuals.

ip alveady stated Lareell ('48) divides the avian cerebellun:
into flocondonodular lobe and corpus cerebelll; these 2 Nundamental
divisions corresponding Lo those similarly named in all other classes
of vertebrates. Tho corpus cerebelli is further subdivided inte ameriﬁr
and posterior lobes by the flssura prims. This fissure {reguently is
difficult to identify in the adult bird, bhubt on the basis of embryonic
davelopment of the cerebellum in several species he cstoblished it and
- its relations with certainty. The flssura prima, 23 a result, can be
identified with assurance in the adult cerebellium, The medisl portion
of the bird cerebellums, which eorresponds to the vermis of memuale, conw
sletey according to thls author, of 10 primsry folis, ineluding the nodue
lus of the floscuonodular lobe, These foliz he mumbers I to X, beclmning
antoriorly. Dagh receives 2 primary medullary rays Folia I to V cone
etitute the anterior lobe and folia VI to IX form the posterior lobe of



the corpun oerebellis Folima X ip bhe modulus of the flocculonodular
jobee larsell regards foliua I me sorvesponding to tho lingula of
mamoals and, sccordingly; nemes the furrow between It and folluwm II
the recentral Masure, Palis IT and ITI corvespond to the memnulisn
eentral lobule, awd folia IV and V he regards as gorregponding to the
eulmen, Poliuwm IV, sovarding to this suthor, ls eubdivided inte two
secondary folls Ain some avian spesias, whioh he labsls fella IVa and
IVb, while foliws V ehows & secondary subdivision in nany specles.
Folivm VI be regerds as corresponding to the declive of the mopsesllan
corebellum, It may show twe or twree subfolias which he designates folis
Via, Vik aad Vie. Folium VII which is dellmited from follum VI by the
posterior superior fissure, mxy aleo be subdivided in soue birde into
© pecondary folia }5}; and :’%ﬂt Tt correspords te ths conbized follwmeverais
and tuber vermle of mamoals, PFolium VIIZI; which is separeted Srom VED
by the propyramidal fismire, is considered as the hmologue of the pyranis.
It 1o subdivided in some specles. Posterior to this lies foliuws IX, the
uvula, the Iissure secunda delimiting it from follws VIIL, Uwnlar sulei
1 and 2 subdivide foliwa IX intc subfolia IXa, INb, end Diee Foliwm X,
separstod froam follum IX by the postertluteral lilssure, i» the nodulus
~ @n slready indlcatod. |

Larsell studied in detall the sabdivisions of thw cercbellum
of the duck, chicken, grouse, pigesn, mwwsing Lird, and eagle.
The pigeon cersballun was selected by him as typleal of the svian corvim
sllums beocsuse 14 1@ well developed in respect te ite primary folls and
fisoures, it has prosinent surleles, and yob retaine & pelstively siuple
form snd patterns The 10 primary folis and rany of the above mentioned
secondary folla can be readlly identified in this specles.
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The eurebells of cectaln specles of aduls birds that exhibdt
epselalized functional aetivity wers alwso closely compared by this ine
vestigators The huaring bird and the esgle were sclected as exsuples
of strong fliars, although thelr methods of [lylng vary from the swiflt
darting and hovering abdlity of the hming birdy, to the stronz, seur
ing flight of the eagle. He alss noted that the humming bird has wvery
amall legs, while the eagle has very powerful talons. In pomparing the
' gerebella of these two birds, Larsell noted that both the hwmaing bird
and the eegle have a well developed folium I, Conasldering this in the
light of the studies of Wulsen, Hlack and Drake (*48) on mamsals, he
sugreste that this lotule is concerned with the muscles of the tall
fouthore, which are extremely important im flight. Folls II and III
are almost lacitlng in the nmmming bird while they are very large and
gubfoliated in- the eagle. Larsell regards these facts as sugpesting
that the two lobules named are concernsd with the funclions of the legsa
Felia IV, V, and VI vary with the flylng ability of the species, These
folls are well developed in the eagle amd the huwming bird, The lavge
gize of follum VI, the declive, in the duck, which has a large trigesinal
nerve as compared with that of the pellinacecue bird, suggested to Larpell
thet this folium may receive trigeminal nerve fibers alec. Folium VII
was euggested as concerned with auditory function, as has been demon-
gtrated for the corresponding region in memsals (3nider and Stowell, *Li).
Felium VIII is subdivided in the duck and the eugle, whose relatively
large body surfaces must receive a considerable amount of stimmlation.
Althouh the peramediasn lobule of memwmals is not represented ss such in
birds, it is possible that the enlargement of follum VIIT, which resulis
in gubfoliation in theve and other specles, ism in part related to lnereased



somatic stimilation. Unpubllshed investigutions by Larsell on the
developnent of the paramedian lotule in msmoallien embryos demonstrate
that part of it is derived from the corresponding lobule of the vermis,
Singe Snlder and Stowell ('LL) have shown that visusl and auditory
stimli alse activate the corresponding cerebellar region of mamuals,
enlargement of folium VIII in some species of birds nay represent ine
crecged lmportance of thwee systens. lobulus IX was observed by Loaxw
sell to be relatively large in all birds. He suggsets that this lobule,
which receives spino-cercbellar, segondary vestibular and probably
other fibers plays a role in coodinating the impulses carried by these
tracts in such a manner that naintenance of equilibriwm is served in
fiight, welking or swimsing, Iobulus X, because of its comnections, is
congidered ontirely vestibular,

The auricle of birds has been interpreted in variocus ways by
different investigators. Udinger (Y10), who regarded this structure as
formod by the lateral extensions of the two caudal cerebellar folia,
called it the ominentis lateralis. Ingvar ('10) deseribed the auricle
and stated that all tlree folia of his posterior lobe extend laterally
1o take part in 1ts formation. He recognised the avian paraflocculus
as part of the auricle and held that it is worphwloglcally related to
the flooculue, Scholten ('h6) considers the paraflocculus of swmels
as cart of the phylogenotically newer lobulee of the cerebellum. DSinge
he regards those a&s absent in birds he coneludes that the bird has no
parafloceunlas, but notes that $he pyramis and the uvula may extend intoe
part of the auricle. In discussing the suricle of the avian gercbellum,
Larsell, after study of closely greded embryce of the duck and ehisk,
and detalled comparison with the adult cerebellum, states thaet the avian



auriele is composed of the lateral externelons of folis TX¢ and X Fe
congidars the lateral extension of XMc as paraflocculus and that of X
as floceulus, the two being separated by & faint lateral contimuation
of the posterolateral flosurc.

With reference to the flssures of the svian cercbellum,
Browsor ('13), as already pointed out, designated as fissurs x the
Purrow between his pars anterior and pare nediallis, and ag fissure y
that between pars medialis and pars posterior. Ingvar ('10) considered
Brouwer's {issura x a8 earrﬁpcnﬁim; to the fissura prima of Elliet
Swith (Y02) in w@l&, although ha did not so label it in his figures,
uging instead Drouwer's designatlion, fissure %, In hls text Ingvar
also constantly refeors to it as flsswre X, pointing out the hemology
with the mamsalian fissurs prima in a footnote. Kappers, Huber and
: Qraahy; g.?,:)'u with Ingver with respect to this homology, as does Larsell.
fecording to the latter author, as aiready pointed out, this {issure
divides the corpus cersbelli into anterior and posterior lobes, wihlle
Ingvar regards 1t as the boundary bebween his anterior lobe, which con-
responds to that of Larsell, snd kis medlal lobe. Larscll does not
recognize a medial lobe, his pesterior lobe of the corpus cerebelli
gonstitubing all of the cerebellun between fisswrs priss and posterc
lateral fissure, proviocusly described., DBrouwer's [issura y wue referred
to b;sr Ingvar ag homologous to the [lissura gecunda of msmmals, although
in many of his [igwres he designated the prepyranidal fissure as y, aud
fisrure z as fissura secunda. Larsell agrees that the fisgurcs deslg~
nated y and g in Ingvar's figuwre 16 and 17 are homologous with the prew
- pyramidal fisswre snd flssura secunda, respectively, of mamaals,
The remaining fiseures of the bird cerebellum had not been
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designated by nane prior to Larsell's inveatigation. He labels the
fissure separating his folius I, the linguls, fironm folium IX, the lower
part of the central lobule, as the precantral fissure, as in the meme
malisn cerebsllum, ils preculminate fissure, between folla IIX and IV,
is also homologous to the flssure of the same name in mazmale. e ree
garde the lisswre between follim VI, the declive, and follum VII, the
{uber foliwa, as homologous te the posterior supericr flssurs of mane
mals, using the same name in tho bird cerebellums. Foliwm VII, the
folium-tuber vamis lobule, and VIII, the pyramls, are separated by
fissura prepyramidalis., DBetween the pyramis, VIII, and the uvulas, IX,
lies the {isswra secunda; and betweon IX md X, the nodulus,; lies the .
posterolateral fismures The furrows Letween the subfolia of VI and IN
are named declival suleus 1, declival soleus 2, uvulay suleus 1; uwwvalar
suleus 2, and wwular sulcus 3; respectively, sgeording to the order in

which they make thelr sppearance in chick and duck eubryos.

SUMMARY OF CERFBELLAR MORPHOLOGY

In sumnary, Larsell's analysis of the avian cercbelium demon
at&*&m that the flocculonodular lobe and the corpus cercbelll mre
homologous 4o the divisions zo designated by him in all other glosses
of vertebrates in which the cerebellum is sufficlently elaborated to
show this fundmental subdivision, These include 2ll of the major
divisions of the vertebrate phylmm except the myxinoids, in which the
cerebellum is wvary rudimentary (Larsell, *47a).

The flocculonodular lobe has the smae Cfundamental yelations
as the m_:.rinuhr lobe in lower vertebrates, Ixpansion of cerebollar



cortex aleng the medisl reglon of the lateral comdssare hes resulioed
in birde in folium X, the nodulus, not found in lower vertebrates. The
change in designation of the auriculsr lobe of lower vertebrates to

the [logeulonodulsr lobe, therefore, is apuropriate in the avian cerebe
oliua, |

The so-called awricle of birds ingludes not only the floeculuw,
which is the homologue of the auricle of amphiblens, fishes and repiiles,
ut also & lateral growth of follum IX of the corpus cerebelli, the avian
paraflocculus .

The corpus cersbelli, divided into anderlor mnd posterior lobes,
is homologous to that of repbtiles and of namuals, in which class the
lateral hesdspheres ars added. The substrate of the m@splwmﬂ is pre-
sent in birds as the unfoliated cortex, deseribed by larssll, st the
‘basal margin of the corpus cercbelll,

The folia and fiseures of the avian cerebellum have been shown
to be homologous, in detail, td the lobules and fissmuos of the mummalian
vermis, A basle for close comparison of the results of experinsntation
on the svian cerebeliunm with those obtained from mevmlian experimental
wark is thus establiched.

HITOLOGICAY, STRUCTURE AND FIBER TRACTS
Hetology of bird eercbellum

In his disgussion of the himitology of the cerebellum of the
bird 8, Ramon v Cajal ('11) noted that the cortex of the avian cevebellum
exhibits the throe olaseieal layers which are characteristically found in
all but the lowest forms of vertelwatos, nwuely, molecular, Purkinjs cell,
and the granular, He described the branching charasciter of the Purkinje

)
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cells in the bird and recognlzed the mumerous collatepals which arise
from the axons of these cells, ¥, Ramon y Cajal (1090) compared the
mumber of eollaterals of axons of the Purkinjecells in various anduals,
including the bird. The basket cells of the evian cerebellum, accorde
ing to 5, Ramon ,;r Cajal, are very tumercus and are arranged in & faushlion
similar to that found in the mamsalien cerebellum., The gramlar leyer
is thick in the bird and, sccording to Cajal, the stellate cells are
pimilay in mumber and disposition to those of mammalse The termlnal
branches of the gramale cell dendrites; however, are formed by flner,
ghorter and fewer fibers than in manmals, The mmber, form and connoce
$iens of the mossy fiberz also are similar in general %o thwe of mamnels ,
bub they are less couplex and less mumerous., Climbing Tibers were also
observed by Cajal in birds, COralgie {'26) deseribed the elawlike term-
inastions along the mossy fiber and noted {hat each one may synapse with
the dondrites of several grumile cells, Xappers, iuber and Croshy ('36)
describe the greal prominence of the gramular layer, amd the especially
rich branching of dendeites of the Purkinje colls. Léwenberg (130, 139)
described "synarmotique” celle and 0@&;1 gcells in this layer,

The neuroglia of the bird cerebellim was deseribed by 5. Ramen
y Cajal ("11) as similar o that of mamsals, '

in general the histology of the avian cerebellum is not unlike
ghat of memsalm, the prineipal points of difference consisting in thicker
termingl dendrites and less mumercus collatarals of the Purkinje cell
axons; o crester development of the terminations of the basket ecells;
shorter, finer dendrites of the gramle eell; and less complicated and

Loweyr mossy [ibers in birds.
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(}urabolhr nuclai

The deep nuclel of the bird corebellum have bsen described
in detedl by Remon y Cajal (*1l). He recopnised four major muclear
groups within the cerebellun, namely, the mucleus teectl, or internal
nuclevs; the mucleus intercalatus; the nucleus intermediuey and the
micleus lateralis, Van lobvell (*16) studied the cerebellar muclei
in birds and ﬂ-;:;w that the ‘mdiul mléua ie composed of a large
eelled portion which he called the pars wagnocsllularis, and a small
eslled portien, the pars parvecellularis. Hartels ('25) attempted to
clagsily the cerebellar nmuclsi of birds in relaticn te the singing
activity of various species. Craigle ('20) observed similar nuclewr
- groups in the cersbollum of the hmmming bird; however; he was unsble
to Lidenbily the superdor part of Cajal's lateral nucleus in this spe-
cles. Sanders (129) adopted the terminology of Cajal. She deseribed
s lateral cerebellar mucleus, which is ordinarily divided inte a super-
ior and an inferior party am internal mucleus, or mucleus fastigii of
Craigle; and sn intercalary mcleus. Kappéraﬁ fuber and Crosby {'306)
state that in the speyrow the cergbellar gray is one continuous mass
which shows regional thickenings angd undulations. This reglonsl varle-
tlon serves to lncrease the surface avea of {he mclear maps and pofe
mite more definite localisation of the afferont and the efferent paths.
They noted, as did Van Noevell ('156), that tide commen nuclear mase
connects with the train steme Doty ('hé) describes vericous subdivisions
of the four nuclel and concludes that they are contimuous, and that
their development iz related to some extent to that of the infcax;i@x*

olive, Kuppers ('47) restated him conclusions that these muclei are
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divided lnto a medisn and o later:l group, which are the homologuee
of the micleus faghigll and of the muclous dentatus of maamals, res-

pa@timly‘

Flber tracts

The afferent fiber systoms of the aviun cerebellum have been
the subject of considerable investipstion. The spino=carebellar tracts
wore first daseribed in the bird by Friedlinder (1898). Since this
original observation many investigetors have conflymed thelr presence
{Frenkel, *09; Shimssono, '12; Ingvar, '13; Samlers, '29). The splio=
corebellar system is extremely large in birds and, according te the
investigations of Friedlander (1890) and Ingvar (18), arises from the
upper luwmbar region of the spinal cord, It is divided into 2 darsal
spino-carebollar trwf. and & voeniral spino-gersbellsr trache Doth t.i-ncts
were described as carrying oressed and uncrossaed fibers, the decussstion
of the anterior tract occurring st the cerebellar comuissure (Kappers,
Huber end Crosby, '36), and around the cerebellar melei (Sanders, '29).
Ingvar ('18) studied intensively the terminetions of this system 4in the
avian cersbellum, le observed, as did Shimasono {(¥12) and Kubp and
Trendelenbury (*11), that the mejor proportios of the fibers end in the
aatoricr part of the serebellum. A smell contribution extends imte the
anterier folia of Ingverte medial lobe, and inbto the pyramis amd uwwie
of Ms posterior lobe. The torminetion of {hese tracte wes considered
tc be in the Purkinje cell layer of the cercbellar cortex. Some fibers,
ageording to Sanders, pass to the central muclel of the cersbellum,

The vestlbulowceresbellar commections are summarized by Wallen

bary (*00). Ue noted the presense of direct vestibulo~cersbellar fibers
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to the cortex and to the central muclei of both sides. These fibers
probubly corrsspond to Bdinger's "directe senorische ileinhirnbalp: dee
acueticust, Hamon y Cajal ('00a) described similar direct vestlbular
fibers, as did Sanders (729). Ariens Kappers ('47), following the des
eriptions of these suthors and of Ingvar ('18) and Schepmen (¥10),
states thet theee fibers torminate in the medisl cerebellar muclous and,
probably, in the uvula, the nodulus, and the flocenlus.

The secondary conneciions hetween the vestibular nuclsi have
been described Ly many suthore., Shimazono ('12) deseribed fibers from
the inmternal vestitular nuclous to the flocculus, Sanders (729) observed
commectionsg botween the vertrolateral vestibular mecleus and the cerebellun,
and traced fibers from the superior vestibular nucleus to the inferior
cevebellar nuclouss Remacn y Cajal (108) and Groebbels (127) deseribed
similer connectionn. |

A few inwvestigators have desceribed comnections between the
cochlear muclel and the cerebellum. Bok ('15) indicated a gochloo~cereh-
ellar tract to the lateral cerebellar mucleus, Mesdag {'09) considered
as present comnections from the cersbellum to the laminar muclous. Sane
ders {'29) described both lamino-gersbellar (or cersbello-lamingr) and
cerebello-cochlear tracts, Stotler ('51) demonsirated that the laminar
- macleus of birds corresponds in morphology and in its comnectlons ¢o the
modlal accessory olive, This suggesis that If the dietribution of the
secondary auwditory patimays of birds corresponds to mamsals no gueh condle
tien shonld be presont.

Trigemino-cerebellar commections in the avian cerebellum wore
deseribed by Blondi (*13), who, according to Oraigle ('28), chserved
{ibere extending from the Bupériar sensory mcleus of V to the homolat



eral aspect of the cerebellum. Cralgle deseribes a homologous patie
way in the hwming bird. The degeneration experiments of Wallenberg
{'04) indicated that some fibers of tho mesencephalic reot of V, in
the dove, enter the cerebellum and end in the medisl verebellar muc.
lous, Sanders (129) and Woodburne {'36) described direct sensory root
fibers of the trigeminus in the bird cerebellum and slso & large
pecondary trigemino-cercbellar component, crossed and unerossed, which
avisos from the suparior esonsory trigeminal meleus. YWoodburne noted,
in addition, that some coumissural fibers from the superior sensory
nuclevs pass agross the cervbellum in the region of the limgula. Laye
sell ('L0) mentioned similer fibers in the duck embryo, Ardens Keppers
{(*47) steted that fibers arise from s trigemino-gercbollar mucleus in
birde which 1is separated from the eupericr sempory vmoleus, and are
distributed to the antarior lobes A growp of cells lying dorsomedial
t0 the main mass of the superior seneory Vih mucleus was alse deseribed
in the opossum by Larsell ('35) as contributing fibers to the comaissura
gerebelli. In his paper of 1937 this muthor designates this cell group
as the nucleus commdlssura cerebelll, 7

The tecto-gorebellar tract has been dhserved in birds Ly
Munser and Wiener (1398). It was lster deseribed by Wallenberg ('00).
Frenkel {109) observed that this tract degescrates after injury to the
medisl wall of the optic tectum, Sanders ('29) noted that sowe of *ﬁm
fibers enter the anterior medullary velum and decussate, whlle others
page to the cerebellum of the same side. Kappem 'luber and Crosby ('35)
arree with Sanders snd suggest that these Tibers temuinete in the medial
and caudal portion of the cersbellum, an obeervutlon previously mads by
Shimasone (112), Ariéne Koeppers ('47) indicates a similar course for



thie tract, as shown in his figwre 116. Craigie (*25) noted fibers
which arise from the semllunar nucleus of ¢the tectun which he demipw
nated the semilunar-corebellar tract. According te Sanders {(r29)
these accompany the tecto-cersbellar tract.

The olivo-cerebellar connections were {irst demonstrated by
Yoskdmra {'10), who extirpsted part of the cerebellum and noted degen—
gration in the contralatersl olive. Kooy ('14) described the structure
of this mucleus in birds and sonfirmed its conneciion with the cereb-
elluwn, Aridns Kappers ('47) states that thls tract passes to all parte
of the veruls.

Pontowgereballar {ibers have been the subject of couslderable
debate, Host authors state that ponto-cersbellar comections, as sueh,
do not exist in the bird, Shimasono (12), however, believed that an
afferent truct from & primitive pons to the cevebollum 1s preseut. Papes

(*29) also considered such a poesibility, as did Creigle ('30). Recenily,

Brodel, Kristiansen and Jansen {'50) have comclusively demonstrated a
primitive ponto-cersbellar comwction in birds and emphasize the norpho-
logieal similarity of the cell masses in which the fibers ardise Lo the
external arcuate nucleus of mamoals, They note that the majority of
flvers from these muclel pass to the lateral parts of folia VI-VIIY of
Larsell's ('40) terminology, ar well s o the unfoliated cortex and the
pﬁﬂﬂaeeﬁluz. Thess suthors conclude that the unfoliated cortex end,
in addition, the lateral parte of folium V, VI, VII, and VIII, represent
the avian homelogue of the mammalian cerebollar hemispheres,

An afferent tract to the sercbellum from the striatal region
of the fare-brain of Lirds has been demcribed by Schroeder ('11),
Craigle ('20), aud Huber and Crosby ('29), This stric-cercbellar tract
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arises, according io these authors, froa the palesstriatunm and enters
the cercbellum,

The efferent tracts of the cerebellun ineluds the cerebollow
bulbar end epinal tracts, which accerding to Ramon y Cajal ('0Ba),
Shimagono {('12) and others, arise in the medial cerebellar mualeus.
Keppers, Hubsr snd Crosby {?36) noted, ss did the aforementionsd suthors,
thad these fibers pess to the medulla oblongats and te the eplnal cord,
They consider them comparable to the bundle of Bussell of the mammalian
‘eerebellum. Those tracte are closely ssmoclated with the inferlow
eerebello-reticular tract of Sanders (129).

The cerebello-motor tract has beoen deseribed by nany investi~
gators (Frenkel, '093 Wallenberg, '00; Kappers, '21; Groobbels, '27, '20).
The efferent tracte arise from all the cerebellar nuclei. Xappers, Huber
and Crosby (?36) have suggested that the largest contribution is from
tho medial mucleus of the cerebellum, Ths fibers frem this nucleus have
been deseribed ss distributed to the VIth macleus, the veetibular muglel;
the mobor ¥ih muclous, the homolateral amd contralstersl medial longltue
dinal fasclenlus, and to the motor centers of the spinal cord.

The brachium conjunctium arises solely from the latersl muge -

lous of the cerebelium, secording to Xappers, Huber and Crosby (¥36).
Aridns Xappers ('47), however, moted that this trect arises from both
the medial and the lateral cersebellar smelol. ¥Wallenberg (1090) end
Prenkel (%09} Goscribed some of the fibers of this system as extending
to the nucleus of the-I} Iﬁwa. In general, however, most authors agroe
that the traost ends, after desussating, in the red mueleus, Frenkel,
accordlng o Aviens Kappers ('47), deseribed some of the fibers as onde
ing in the lateral tepmental mucleus.



PUNCTIONAL LOCALIZATION TN THE CEREBILLUM
Hammals

Sherrington (106) in his discussion of the physiological dome
inance of the brain describes the cerebellum as "the head ganglion of
the propricoeptive system.® This unitarian concept of carebellayr Tunce
4tion dominated theorles of cerebellsr physiclogy for a generation.

In 1939 Dow, while studying the afferent fiber comnsctions to
- the cevebell: by electrophysicloglesl tecimiques, noted that silmda-
tdon of & purely cutaneous nerve, ihe saphonous, induced sction poten~
tials in the anterlor lobe of the cersbellum. This wag the lirst
demonstration of an exteroceptive sensory represantation in the organ.
Dow and Anderson (%42) end Snider and Stowell (L2}, working indepen~
dantly, presented preliminery reports of ovidence of sensation otler
than propricceptive in the cerebellum, In a more extensive pam (th2a)
Dow and Anderson noted aotivity in the culmen and the pyrands of the
gereballum of the rat in response to stimlation of various proprio-
ceptors and exteroceptors; while Snider and &ﬂ:ﬂ:lml.}.,}1 ggaaz'ib@d the ooculw
rence of responses in the cersbellum induced by tactile stimuli Yo
vibrissae and foot-pads. The latter lnvestigators noted thet these
responses were maximal in the anterior lobe and in the paremedisn lobule,
and that there was evidence ol somatolopic ma:x;;mém of these action
potertials within these corcbellar areas. Adrian ('h3) mepped similar
areas in tha' gorebolluz by stimplation of tactile end-organs. These
ﬁncﬁngu ware considerably amplified in 194h by Sanider and Stowsll.

They noted not only evidence of tactile representation, but also demone
gtrafad the preseace of auditery end visual receiving areas in the cereb-
ellum, Snider end Stowell concluded that oerebellsr lunetlon must
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thearefore be influsnged by tactile, auditory, and visusl siimuli, as
well as by lumpulses {rom the proprisceptors and the cerebyal cortets
These pepors served to polnt out, as had been vredicted by Bollk (106),
Van Rijnberk (126) and by Larsell (137), that locallsadion exlsted withe
in the cerebellum, and broadensd the concept of cerebellar funetlon.

In an atbempt to determine specifie funeiiomal areas of the
corebellim roe-investigations of the relutionships botween the cerebellum
sand cerstrun were undertaken. An excellent amionieal -study by Drodal
and Jansen ('L6) on pontowgersbellar connections appearsd to conlirm the
exporimental anatomleal finding of Sunderlanc (*L0) that ne point to
point relationship between cercbellum and cerebersl cortex exists. These
obgervations wers in harmeny with the physiologleal results of Dow (39,
142} and Curtls ('L0),  Curtis, using cats, concluded from cseillographic
studies that no reglon of the neocerchellum can e sald to bo related
to any specifle recion of ilw cerebral cortex, Dow, in the cat and in
the monkey, found no point %o polint relationship between the suldivie
gions of the cercbral cortex and the gerebellum, but demcensirated that

& highor percentage of responses was obtained in certaln areus of the

‘parebelivs by siimlation of cerebtwal area k.

Adrien (*43) described & pattern of pontoecerebellar projections,
as & result of elactrical s%'bimulaﬂmﬁ of arga I of the cortex, which corw
rasponds o areas that he and others had euwrlier considered as responding
$o peripheral stimulation, Snider and Eldred (*h0) and fampeon (*L49)
have demongtrated that similar connecbions exliai bebwesen the prissry tacw

t1le, sudltory and visual mensory areas of the cercbrum and the arces



of the cersbellum which had previously been desonstrated as associated
with these modalities of sensation. As Snider ('50) pointe out, 1% is
tenpting to speculate on the function of those dual systems. They o=
bably sct as a "check and balance® mechaniam between the cerebellum md
the cereluwum.

The efferent systens of the cerebellun have clso been subjoo
ted to considerable study by rhysiolosical wmethods in the past two
decades. Denny-ilrown, Fecles and Liddell ('20) noted that stimulation
of the anterior lobe excites or inhibits mosclo tene. lorusel V36,
thl) analysed intensively the sction of the anterior lobe on postural
tone and on movements induced by stimmlation of the cerslwal cortex,
Jansen and Brodal ('42) demonstrated projection of specific areas of
the cercbellar cortex to discrete portions of the deep nuclel. Mine
and Nulsen {'47), Uwlsen, Black and Drake (L), and Snlder, MeCulloch
and Magoun {*49) mapped these *motor® aveas of the cerebellun and found
ﬁmt. they were almost identical in thelr logation to those deseribed
for tactile, auditory, and visual reception.

Hampeon, Heryison, and Woolsey ('h6) stimulated the anterior

lobe, the lobulus simplex, and the paremedisn lsimles in decerehrated
animals, Overt movements resulting from stimletion of the cerebellar
aress, ware produced ln the varlous parie of the body. These cerebellar
n.raa;m found to be somatotopically arranged and co-extensive with
the arees deseribed by Snider and Stowell for exteroceptive reception.

Hare, Megoun and Ranson (¥36), Clark (?39), end Chambers ('47)
studied the cerebellar cortex and the deep cerebellar miclel and thelr
effect on fucilitetion and inhibition, and analysed the mechenisms of
cercbellar rebound phenomens. Walker {'38) noted changes in the eles-
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trical sctivity of area L after stimulation of the laterel aspecis of
the rostrel lobules of the posterior lobe of the corpus esrebellii.
Nemnenan, Cooke and Sulder (*40) demonsirated thet, in geneval, the
anterior lobe, the lolulus simplex and the paramedion lotules project
o sansary«amotor arcas of the cerebral cortex. Ilkowlse, the "audlice
vigual" aves of the corcbellar corbex mojects to the prinary auditory
and to most of the vieusl cara‘béal cortae

Thus thero is @ cerelro-cerebello-cerstrel circult botween
functionally related aress of these 2 divisions of the brain, As Snider
(150) has pointed out this can act &6 a self-regulating feed-baclk mach-
ardsm that can add or subtract from the total effect of incouing affer-
ent wlleys from dfferent functional aress., Acgording to Snider, the
cerebellum is the “great modulator of newrologic function,

The concepts of cerebellar aubtonemic function are still very
vague, Merussi (40, '50) has shomn that stimulation of the anterior
lobe of the cerebellum will Inhibit vasemotor and respiratory reflexes
mediated by the carotid simus. Hampson (VL9) has noted reflex inhibition
of puplllisry dilatation induced by stimmlation of the sciatic nerve when
the lateral hemisphores of the cerebollum were activated. He noted,
also, that the eye-fields in the rostral part of the olngulate gyrus of

the sorebral hemispherss projeet to the lateral hemispheres of the
cergballan.

Birds

o i T

The fwnetlon of the avian cerebellum has occupled various
investigators since Rolando, in 1009, published the resulis of s
been v
pdoneer experiments. Untll the last two decades the problem has/attapied
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by two prinelipul mothods, namely comparative snatony and extirpation

of portions or all of the cersbsllum, The method of cosparative snatomy
of the cerebellum sttempted to correlate the degree of development of
the organ or its subdivisions, in different specles or types of birds
with thelr capacity to perform various funetionse The other utllized
the experimental method of exitirpating portions or all of the ceorobe
ellua and cbserving the el'fects upon the amimal.

Flowrens (1024) noted that no sensory loss occurred after
damage to the swperficlal cortex. Magendle (1828) observed postural
dysfunction following lesions of the avian cerebellum, as recorded in
bia "Precis [lementaire de Physlologle.s' Longet {1042) econfirmed the
ﬁnﬂiﬂf;& of Flowrens. lﬁ‘wnnw {1059«61); howsver, quostioned ithe
theorios of Flouwrens. Wagner (1853-60) snd Delton (1861) studied the
offect of partial or total cavebellectomy on pigeore. BRensi (106L)
noted nystagms following cerebellar injuwry. Welr-liitchell (1269) aia
& series of extirpations and excitatioms of the avian cerobellum, e
dascribed the disturbances of coordination and belance resulting from
extensive serebellar destruction sl noted that these signs disappeared
in time. Lange (1391) obtained similar reeults in birds. Iuciani (1093)

/Postial digturbances resuliing from cercbellar lesions in birds as bo-
ing homolateral. Brandls (1894) noted, on purely snstumieal grounds,
that the sise of the cerebellum of the bird was related to the functional
activity of the species. Shimasono ('12) noted cireling movements of
plgeonz following superficlal lesions,

- Ten Cabe ('27) concluded, on experimental grounds, that eontrol
of the tall muscles and limbs (is localized in part in Ingveris posterior
lobe, and mm a prineiple of localisstion according to the dircotion



of the movements, DPremer {'2}) discovered that the anterior lobs of a
decarehrate plpeon was excitables with 2 wesk electrical current. The
responss was an inhibition of tomus of the homolateral exbensors,; with
an inorease of tonus of the contralateral extensore of all parts of the
bodys The medial lobe of Ingvar did not show any such effect and was
uexcitable. Ingvar (120) noted, as d&id Sremer, that the inhibvlitory
areas correspond to the terminations of the spino=cerslallar patlnmys.
Bromer and Ley (127) stimlated the cerebellar gsortex of the aaberier lobe
of birde and noted modifications of tomus in the musculatures. The honoe
latersl extensor muscles exhibited a2 doerease of tomus, while the coutrae
laterel extensor smscles shows increased resistance. The reverse was
true whon the stimlus was removed. No effect on muscle tone was obsers
vod by these investigators when the medial lobe of Ingvar was stlunlated.
They noted no evidence of segmenisl localimation of thls response.

The physiclogy of the cerebellum, as well as/the rest of the
centval nervous systom of birds,wms reviewed by Ten Cate ('36). IHis
analysis of the funetion of this orgen wep Laged largely upon the re-
sults of extirpation and etimmlstion experimerte. Dreser, Dow and
Noruzzd (*39), in thelr physiclogleal analysis of $he general cortex in
reptiles and birds, noted that movemants of the head and eyos could be
evoked by stlimulation of the forebrain of the pigeon. They did not
atbesypt, however, to determine the effect of cerebellar stimulatlon on
these cortieally induced movenants. According to these workers the
serebral cortex of the pigeon reacts to illumination of the contralateral
eye, This finding is similar to the results obbained from the cerebellum
prosentod in thie imvestigation. Mewrusal (935, 'h7) described similar move-
mente induced by electrical ar strychnine stimulation of the optic lobe



in the thalamie plgeon. e mentlons the relation of the tectal sye
field to the eerebral homlepheros and the "bulbopentine” eenters, it
does not eslsborate on this area and its comnections with the cerebellunm.
Zanchettl (149) deseribed facilitatisn of movements induced by teetal
stimulation in the first tiree lobwles of the median lobe of Ingvar,
This affect i lese constant then similar results deseribed for stlmie
lation of the anderior lobe in musmals.

Xy
L4

In sumarising the sarlisr studies of the fungtlon of the avian

cerebellum 1t should be noted that some of the ablation experiments indl~
sated localisation of function within the cerebellum (Ten Gate, '36).
Howover, the patbern suggested by these workers is dfflcult %o compare
with present concepts of cerebellar localisatlon and funcilon,

The recent marphologicel and developmental study of the svian
ceveballum by Larsell (143) indlcates that it exidbite a certedn pattern
of looslisation which fite inte modesn concepts of phymioloplesl logal-
isa.t:uln in the orpan. Larsell suggests that the ldnguls i apsociated
with the tail muscles. Hulsen, Black and Drake ('43) huve noted similar
localisstion in sammalis, The centrsl lobule in the bird is apparemtly
related, according to Larsell, to the lower ectreaity, snd the culmen
to the upper exirenttdes, This pattern was also found in memaalds by
Hampoon, Harrison, and Woolsey ('46). Larsell suggests that the declive
of birds is reloted in part to the Vih nerve., Tactlile responses {rem
the face, which must be medlated by way of this nerve, have been dos-
eribod by several suthors in mammals (Adrian, th3; Sulder and Stowell,
thi). larsel}l indicated that the fuber vermlis ol the bivrd may be as2o-
ciated with auditory functions end, follewing Hampson's {*40) deswnstroe

tien that the mamelles pyrawls ie assoglated with the gereiral somutic
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sengory area II, that the pyranis of blrds may be associated wit
somatic stimulations He alec sugpests that the uvula and the nodulus,
together with the paraflocoulns and [loconlus, functlon in the control
of balancee Since the relution of the {lscculonodular lobe of mammals
to vostibnlar centers has been demonstreted electrophysiologleally by
Dow ('39), Larsell's suggestion regarding the function of this lobe in
birds is supported by its fiber tract comnections.

III. ANATOMICAL STULIES OF AFFERENT FIBER TRACTS

A restudy of the alferent [iber systems of the bird cerebe
ellun was undertaken in the hope of sugmenting the exeallent contribie
tions of Shimesono ('*12} and Ingver (*10) regarding the origlns and
terminations of the fibers. The intrescerebsllar distributien of most
of the tracts has boon cbsowrs, as Drodal, Kristlansen and Jansen ('50)
have pointed outs The present investigation places the ¢hiefl emphasls
on the folia of termination of the alferent systems within the cercbe
ellum, and attempts to correlate the Wminall distribution with the
newar concepte of norphology of the avien cevebellum wilch have been
proposed by Larsell (48). This suthoer's matomical investigations
Pormed the fundamenbal background upon which the physiologlesl espeets
of the verebellun of birds were studied.

MATTRIALS AMD HETHODS

The afferent fiber tracte of the avian cerebellim wore studled

inditdally in normal exmbryonle and adult bralng. Obgervations were made
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on the embryvs of the domestic duck (Anss domestlous) and the chicken
{Callue domesticus). DBrains of adult birds of the followlng species
wvere also used in snalysing fiber tracte and mucleis domestic chicken,
damestic pigeon (Coluzba livia, Gmelin), mmming bird (Lempornis sp.

and Cyanolacms elemanaise), shortecarsd owl (asioc flammeus Iflomweus,

Pontoppidan), and the dusky horned owl {Jubo virgirdamus saturatus,

RMdgway)« Sericlly sectioned brains of the mmuing birds were ldndly
loaned to us by Dr. B. Horne Cralgie of the University of Toronto.
Serial sections of the cerebellum of the other specles; ss listed below,

were prepared and stained as indicated as the investigation rrogrossed,

Dueks 1 sagittel serics § day ewbryo, Bedian method

1 sagitial series 10 day aulwyo, Dodlan method

1 sagitial series 11-1/2 day embeyo, Dodian method

1 sagittal eseries 12 day esbryo, Bodian method

1 sagittal serics 12 day enbryo, pyridine-sgilver method

1 sapittal series 15 day czbryo, silveregelatin method

1 sagittel series 15 day embryo, Bodlsn mothod

1 saglitial serics newly hatched duckling, sillverepelatin

methed

Chickens 1 sagittal series 8 day embryoe, silver-gelatin method

1 sagittal series 9 day enbryo, silver-gelstin methed

1 sagittel seriss 12 day embryo, silver-gelatin method

1 sagittal series 15 day eubryo, silver-gelatin method

1 transverse serles 10 day embryn, silver-gelatin method

1 tyan vorse sorios, L doy old chick, silverwgelatin method

1 sagittal series, L day old chick, silver-gelatin method
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1 sagittel series, young adult bantam, Welgert wethod
Puamdng Bird: 1 transverse series; Uyunolsemms elemanclae, toluidine
blue staln
1 transverse series, Cyanolagmus clemanciae, Tell method
1 sagittal series; lampornis ep.; cresyl violet stain
1 transverse sevies, Cyanclaenus elomanciae, Well method
1 transverse series, Cyanolaemms clemonciee, cresyl
violet stain
1 transverse series, Cyanolacmus elemancise, cresyl
vielet stain
Pigeont 1 transverse series, adult, Jeigert and neutral red stain
i saglital series, aduli, Welgert amd noutral red stain
i sagittal eeries, adult, pyridine-silver methed
1 transverse series; adult, ¥isal method

Shert-eared owls
1 transverse series, adult, Weigert method

1 traneverse serles; adult, Nissl method

Dusky horned owlls
1 transvarse series; adull; Welgert method

1 transverse sarice, aduli, Hisel method

The afferext fiber tracts were alsy studied by experimental
methodss Lleslong were mode in various afferent systome, AfYer 7 to
1 days for degenerasion of affected fibers, the cerebellun was trested
by the Marchi method and serially sectioned for imveetigation of distri-
bution within it of the respective {iber tractes. 4 total of 19 adult
plgeonts brains were studied by this wethods In 8 of this series, lesions
of the spinal cord as far esudilly as the lower lumbar segments produced
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degenaration of the spluc-cerebellar irsctss In the 11 remaining
pleeons, degeneration of the {rigeminowcerebellar, vestituloecerebellar,
tocto-carebellar, and olivewcerchbellar tracts was produced alter approw
priate lesions in the Dwain stem, and distrliiution of these tracts inte
the cerebellsr folia was followed, Conlirmation of the distribution of
the afferent fiber tracts was obtained from cerebella of adult pigeons
in which lesions of veérlous folia had been made. Hight of these cerebe
ells ware sectioned serially after allowing 7 to 1 days for chronatow
lysiec and were stained with tidenin.
| Larsellts (*40) termincloyy is employed in describing the
various folia and fismares of the avian cercbellwn. The mammalisn homoe
loguss, es interpreted by hm for the varicus Zolia, are placed in per-
enthoelis immedistely following the mmericsl designations of the folla,

OBSERVATIONS
Sersbellar comussures

The commissura cerebelll crosees the midplase in the rostrel
part of the cerebellum, It is easily rocognized in 8 to 15 duy oltek
esbwryos and 10 to 15 day duck eutwyose The commlesure is composcd of
a f.rigm.nal bundle and a ventyal splrowgercbellar bundls (fig, 1 and
2). The trigeminsl comtrituidon comes directly from tho trigeminal
root and from cells in the region of the trigeminal sensory muolali.
These fibers pase rostrally indo the reglen of the Junction of the
amterior medullary velum with the cerebellizn. ‘lore (he trigeminel and
venbral spinowcercbellar fibers lubtermingle and eross the midplane, This
observation of a commissura cersbelli in birde confirms the earlier des-



eriptlon of this structure in the avian cerebollum by Larsell(thi).

The docussation of spino-cevebsliar fibers also was cbserved in Narchl
proparations of the adult pigeon following lesicns of the spino-carebie
ellar systeme In the adull animal the dscussation occurs in the
nedullary substance just caudal to folium II and folium ITT {central
lobuls) {figs 5), as also shewn in Larsell's figuwre S. The ultinate
distribution of the fibers of the 2 components of the comulssure oerebe
elli ie described under the tracte of which they reprasent the decusna~
tion,

The lateral compdesure in duck suxl ohieck embwycs conglate of
gmall, sesttered tundles of fibers that cross the midline near the
ecaudal mergin of the cerobellum {figs 1)« The fibers composing these
undlse arise for the nost part from cells of the westibular nuclel.

A small muber of fibers also passes into the caudal region of the cerob=
elium directly from the vestibular root of ¥IIl. The direct and pecond=
ary vestibular fibers can be traced into the flocoulus and toward the
midiine, running parallel to the posterolatersl fissurs. The fiberse
boocome loss mmerous as they approach the midline and sppesr (o terminate
in the rogion berdering on the posterclatersl fissmue. This comismure
was originally described in the cercbellum of birds Yy Larsell (148),

Dlatribation of afforent flber tracts

The spino-cercbollar trasts are plainly wvieible in the supere
ficial portion of the lateral white funiculus in the epimal cord of 15
and 20 day duck embryos stained by the silverwpelatin methode. The fibars
of this system can be traced rostrally in thess embryes along the laterel



surface of the medulla oblongata., The dorsal spino-cerebsllar trach
passes through the rootlste of the VIITth nerve and curves abruptly
upvarsd to entar the cerebellum. The ventral spino-gersbellar track
continues rostrally to the level of the roote of the Vik norve and

than curves upward under the swrfsce of the medulla oblongata to enter the
carebeliar peduncle and the cerebollar coomdsmure {(fig. 1).

In brains of the adult plgeony the chicken, the huming bWird,
the shordweared owl and the dusky horped owd, stalned by s variety of
sllvey mothods o well &8 by the Welgert or Wedl techniques, & similar
course was observed.

The affects of experimentsl lesionms of the splno-carsbellsr
gystem in the spinsl ¢ords of § adult pigeocns were studiod by means of
tho standard Marehi technigue. Degenerating fibers were found in the
superficial sone of the posberior part of the loteral funlculus (f1g. 3).
They were followed rostrally through the medulls oblongate and inte the
gerobellar peduncle. From the pedunsle the dorsal eplno=tershbellar tract
passes upward into the cerebellm somowhat caudally to the veniyal spinos
cerebellar tract (fig. 4)e A slmilar course of the spinoecerebellar
syoten has been deseribed Ly Ingver (¥18), although he did not subdivide
it into doreal and ventral tyacte. This division, however,; was regog-
maed proviously by Friedlander (1096}, In the cerebsllum degenerdting
£ibers wore foumnd im folis IT and III (centrel lobule), folla IV and V
{culmen), and in folium Via and b (rostrsl declive), as shown in Ffiguwre
5, 4 lesser concentration of degenwrating fibere was feund in all parte
of folium IX (uwula)s, A few scattered tundles appear in foliwm VIIT
{pyramis) (fige S)» Domo of the fibers could be followed to the deep
nuclel in the preparetione studied in the present investigation, although



Sanders {('20) deseribed spino-cercbellar fibers into these structures.
It appears from our investigstions that the majority of the spinde
cerebellar {ibers, if not all, terminete ia the cortex of the cereb~
allum,

The trigeminowcersbellar twract in 10 to 15 day duck embryos,
and in carresponding stages of the chick enlwyo, appeirs ag a direct
connection of the Vih root with the cerebellar gomzissure froe which
it continues into the corpus cerchbelll {fig. l}e A similor connection
also has been noted in birds by Woodburne {'36). Purthawmore, fibers
arising from the dorsal reglon aof the superior sensory mucleus of V ean
be followed into the commipsure and into the medullary portiom of the
cerebellum (fir. 1)s This group of fibers corresponds to Sander's (t20)
trectus trigemino-cercbellaris dorsalls, The trigeminal comections
with the eersbellua were alsc vielble in lster enbwryonlc stages (fig. 2)
and in adult material which had been stalned with silver.

The distribution of the tripemino-cersbellar connections withe
in the cerebellun was investligatod by experimental anatomical methods.
In tiwee adult pigeons, the superice sensary Vih sucleus, or the reglon
Just dovsal to it; was destoryed. In produeing these lssions othar
ovorlying fiber systams of the cerseboellum were unaveldably interrupted
and rosulting depeneration of these additlonal fibers pariiaily obscursd
the exsct terminal distribution of the trigeninowcerchellar tragt. In
all of the lemlens, however, degenerating fibers could be traced from
the region of the sensory Vih maclei to folium Vi{upper culmen), folium
VI (declive), and oceasionally to folium VII (the follumetuber vermis
lobule)s Filpures 6 and 7 illustrate the resulte of btypicsl experiments
in which not only were the tripomino-cercbellar pathwaye cubt, bul also
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the adjesent vestibulay connactions of the cerebellum were interruptod.
The terninel distribution of the trigeminal tracte, as choer-
ved in isehi material, was confirmed in Missl preparations of the triw
gominal muelel. Following removal of the dorsal suwrface of follumm VI
(declive) and of folium VII (the follumwtuber vermis lotule) in two
adult plgeonn, cells in the darsolateral part of the superior seusory
muclews of the trigemimmes showed chromatolytic depgensration as 11lus-
trated in fipoe 8. The tripemino-gerebellar tract has been described
in reptiles {Larsell, '32), The part of the Vth micleus which zives
rise to fibers to the comuissura cerebelli has been designated the
nuclous of the comslsswra cerebelld {(Larsell, '37).
Vestilulowcerebellar tracts were found botlh in developmental
and adult stagess In cerebella of 10 to 15 day old duck embryos and in

corresponding stages of chick embryos, stained by the silver-gelatin
and Dodian methods, these pathways were followed into the caudal por-
tions of the cerebellum (fig. 1)s The fibers arise from the VIIIth
berve root and from the vestiular maclei, Direct and sccondary
vestibular {ivers lorm the laterul coumissure already described. Nost
of the fibers end in the cerebellar cortex adjacent to the posierow
latersl fissure but both direct and sedondary vestibuler {ibers appear
to enter the deep cerebellar muclel in the embryonic materlal.
The adult avisan cerebellum has similar vestilular pathwaym.

They are sometimes Aifficult 4o differentiate from other tracts in the
meture bird because of insreased concentration of other flbers thai
also pass through the region of the vestlmlar muclel.

© In an sttempt to clarify the intracerebellsr distribution of
the vestibulo-cersbellar tracts, lesions of the VIIIth nerve znd the
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vestibular nuelel were made in 3 adult plpeons and the Marehi mebh
was applied. The results, as illustreted in {figures 9 ané 10, indicate
that the vestibulo-carebellar systom arises both directly from the VIIIth
nerve and from the vestibular nuclel, as has been demonstrated by Wallene
berg (100)s In our preperations direct vestibular ribers could be traced
into the auricls and into follum X {(modulus). Some possibly reach fol-
dum IX (uvala)s Secondary vestibular fibers uleo are dlstributed %o
the surdcle, representing lateral extensions of folia IX and X.

Shimegono (712} has indicated in his Digure 19 that the distrie
bution of the secondary vestibulowcerebellar fibers is in the asuricle.
Vestibular fibers from the VIIIth root and from the vestibular muclel
appoar to pase to the deep cerebellar muclel as described in nermal
avian materiel by Sanders ('29)., In 2 adult plgeon brains stained by
 the Nissl methed, I found ehromatolytic cells in the superlor vestibu-
lay macleus, following removal of the homolatersl auricle (fize Ll)e It
was not possible to ascertain if the fibers lmvolved terminate in the
flocoulus alone, or in both elements of the avien awricle, namely flogw
eulus and paraflocculus,

Cochlemr commections with the cerebellum have been desoribed

by Bok ('15), Sanders ('29), aud others. The possible pathways hetween
the cochlear nuclel and the cerebellus were studied in one adult pigeon
in which the cochlear region, in addition to the vestibular region, wus
destroyed. Ho connections between amy part of the cochlear group of

miclel and the cerebellar cortex were found in the Marchi preparations,
nor was there ovidence of any commection between suditary miclsi and

deep cersbellar muclei, as described by Bok (*15). Lesions of the core
tex of the part, ar})g:ﬁ.l folia of the posterior lobe of te corpus cerebw



elli in 3 adult pigeons repulted in no retrograde chromatelysis in the
laminer or 4he magnogellular nuclel of the cochlsay nuclesr couploxe
The tecto-cerebellar tracts could be distioguished, in silver

preparetion in the anterlor medullary velum of chiek and duck ombwyos
{fige 1), as Larsell {'48) illustrates in his figure 2. In the embyye
onic ag in the edult corebellim the fibers of thls btundle extend from
the superlor and wedisl regions of the tectum throuwgh the anterior med-
ullary velum and into the corebellum, as alse shown by Shimazone (112},

In 2 adult pigeons these tracts were interrupted by destruee
tdon of the medial part of the tectal gray substence arcund the venitrie
gle; or of the anterior medullary velum. The resulting Marchi degencr
ation axtended into the posbterier lobe of the corpus cerebelli (fig. 10).
Sinco othor Iiber connections to and from the cerebellum were interrupted
by the lesions, the cxact lelis in which the tectowcaoreballar trach
terminates could not be ascertained. The projection in pigeons, as
determined by the Marchl mebhod, however, appears to be principally
to folia VI {declive), folium VII {ihe foliumwtuber vermls lobula},
follum VIXI (pyrumis), and possibly folims IX (uvala).

Removel of the corbex of foliws VI {declive) and foliws VII
{the follumetuber vermls lobule) resulted in chromatolytic changes in
the cells of the micleus isthmi and in the tectsl region (fig. 12},
further indicating that these Tolia are sssoclated with the tectun.

The olivowgerebellar tract is well shomn in =llver prepara~
tione of late embryonic stages and in Velgert sories of normml aduld

birde, In one adult plgeon the inferlor olivary complex was destroyed
unilaterally. The Marchi degeneration resulting from this lesion cross-
ed the mldline and extended upward into the cerebellar peduncle.



The fibers toriinate in all folia of the cerebellum (fizs. 13 and 1),
The degeneration of the cells of the inferior olive followlng leslons
of the cerebellum in birds described by Yoshimura ('10) may be simil-
arly interpreteds 7The fact that these f{ibers are distributed prisare
ily %o the cordralateral cerebellar cortex was demonsirated Ly
retrograde degensration studles in 2 adult pipeons in which half of
the cerebellar cortex was removed, Resulilng chromatolysis was found
only in the inferior olive of the opposite side (fige 15)s» This experie
maﬁt. gonfirms the interpretation reached from study of ellver and
Welgart reparations of unopsrated brains, namely, that the olivo-corobw
ellar gystem is entirely croesad in birds,

Ponto~cersbellar fibers are present in both embryonie and adult

stages of the bird cerebellum, as shown by Drodal, Eristlansen and Jansen

{*90) whose observutions I confirm. Fibers of this gystem arise from

the rudimentary pens muclel in the ventral portion of the medulla oblon=-

gata and extond upwsrde along ite superficlal mergin into the cersbellar

peduncle. Yo intracerebellar localismation of theee fibers was stiempted

in the present investigation. Removal of the cortex of the rostral lfolls
cerebelli

of tlw postericr lobe of the corpus/ produced chromatolysis of calls
in $he homolatersl and contralateral pomtine muclei {(fig. 16).

IV BURGPHYSIOLOZICAL STUDIES OF REUCEPTIVE AREAS

Heurophysiological methods were euwployed in the lavestization
of tha receptive arcas because they permit demonstration of functionally
continuous but anatomically discontimuous sl complex patlways. The
teclinigues employed confimm the comectlons of speciiic fiber tracts
with various subdivisione of the cercbellum and clarify the temminel
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distribution of the afferent systems

is gonsiderations in eslecting a suitable physioclogieal
mothod,; ablation experiments and stimulation procedures by other means
were disesrded bocause these techniques do nob permit diserele localisa-
tion of the fiber systenms or of Nwnctlonal activity, as Bremor (*2L)
has polnted oults Further, the results of these methods are produced
prinarily through the effector nochanimms of the cercbsllume The
mothod of recording neuronal activity from falrly oircumseribed cerebe
ellar regions, howover, fulfills the veguirements of locallsaiion
(Woolsey, arshall and Baxd, *42). Sinee stimmlation of afferent pathe
waye Lo the cerebellun aoilvates the organ,as is well lmown to be true
in mamweals, the methods of stimulation add csclllography 8o succegs-
fully used by a mmber of investigators of the mammalian cerebellum,
were adapbed to the study of the orgen in birds,

If somatotopic locallsabion existe in the avian cerebellum,
as it does in mmwemals (Snider snd Stowell, 'hiy), the asssumption that
the diatribution of the olectrieal {ields should reveal the pattern
was the gtarting point of the newrophysiological phape of the invost-
igation,

HATERIAL AID METICDS

The snimals used were the pigeon (Colusba livis, Gmelin),
the dusky horaed owl (Bubo virginlamus saturatus, Ridgeway) and the
domestic mallard duck (Anas platyrhymchos platyriymchos, Linnaeus).

" The plpeon was used in the majority of the expsriments because ite
cercbellum represents an intermediste morphologlcal type which has a




relatively simple structure, yet shows the primary felia and fisswres
common to the cerebella of all birds (Larsell, '48). The unique vis-
ual powers (Walls, '42) and well developed asuditory system (psrsonal
observation) of the owl made this bird especially valuable -

for the examination of the relationship between the optic
and auditory sysiems and the cerebellum. Owles therefore were chiefly
used in the study of cerebellar visual and auditory areas. Experi-
-ments on the tactile system were carried out on all three gpecies of
birds. The large exteroceptive component of the trigeminal nerve in
the duck appears to be correlated with the large size of the declive
in this species (Larsell, '48). Therefore, the duck was selected for
the study of projections from ﬁhe sensory receptors of the face and
Lill to the fcerebellume. 4 total number of 50 birds wes exemined, of
which 33 wa;e pigeons, 13 owls, and L ducks.

For anestheeia sodium pentobarbital (35 mg. per Kg.) was
aduinistered intraperitonsally. The action of this barbliturate is
intermediate in duration (Goodmand end Gilman, 'h1), and the depth
of anesthesia is more easily controlled than with the briefly acting
pentathol or with Dial, whose action is more prolonged, Sodlum pentow
barbital, in addition, does not have the irritating effect on the
trachecbronchial tree with resulting excessive mucus secretlion and
obstruction of the alrway that ocours in prolonged inhalation sther
anesthesis (Coodman and Gilman, 'lil), It has the disadvantage, how-
ever, of depressing cerebellar responses from stimulation of auditory
and visual receptors. A similar effect has been noted in mammels
(Snider sod Stowell, 'Lli). To eirgumvent this difficulty, acute

decerebrate preparations were also utilized, the brain-stem being
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cut above the level of the collicull with the animal under ether
anesthesio and atropine. This procedure does not depress spontansous
activity or ovoked potentisls {Adrian, 'h3) in the mammalian cerebellum
and the animal may be malntained in & relatively constunt state for
long periods. The supracollicular level was salected as the optimm
lovel of soction because the tevto-cersbeller itvoct, which has been
demonstrated in naxmals to be an essential link in the transmlssion
of anditary and visual impulses to the cerebellum (Snider, 45), apd
also the optic tracts, would be spared by transection at tids level.

The following table summarizes the use of the two anesthe-
tics in the specles of birds studieds

Sodiym pentobariital ﬁaee;mmtim

Pigeon 20 . 13
Oull - | 5
Duek i 3

Ixploration of the avian cerebellum required the develop-
ment of a surgicsl procsdure which would permit adequate surface
exposwre and yet madnbein a viable cerebellum, To moeht those requirve-
ments. a trachostony was first performed to sssure malntance of o
constant alr way, The exposwre originally used was sccouplished Ly
rongeuring sway the bone and inelsing the dura overlying the darsal
sspect of the cercbellum, The single adventage of this appyoach is
that it permits access $o the cersbellun when the farebrain ie still
in place but it allows only a small portion of the dorsolateral surface
of the gerebellum to bo exposed., Degause of the large dural simses
that swroand mich of the avisn cerebellum, sod which are easlily peno-
trated, this method of exposure fregently resulied in messive hemor



rhapes, The dwral sinuses were injected with India ink In btwo animals
in order Lo determine an approach to the cerebellum wiieh would proe
duce the least eirculatary interference, sinve it has been emphasised
that #n sdequate blood supply to the cerebellum is casential during
sbudy of its activity (Breckhart, Noruszi and Snider, 'S1). The

- results of this study of the durel sinuses M%tmr betler
approsch conslisted of exposure of the anbtericr surface of the organ
 through the forcbrain cavity of the skull, following suprecollicular
decerebration., This procedure allowed & large surface expossre with
fow intervening dural simises. The surface of the cercbellun could be
lopt molst oasily by covering it with mineral oll dnstilled into the
‘slull cavity. The chief limitation of this mesthodws the difficulty
ensountered in psralleling the anterlor cevebellar surface with the
penetrating eloctrodes.

In activating the afferent patiways to the cerebellum it is
necessary to wiilise a gtimulus which ean be repeated at sy desirsd
intervale The stlmalus must be sufficiently localiwed to permit ite
applicstion to individual parts of the body. The method of stimelation
mst produse a synchronous volley of afferent impulses gapable of evols
 ing cercbellar rosponsoes.

In the first 16 experiments the stluulus wes applied directly
to a peripheral nerve in ons of the major subdivisions of the bodye The
affevent vollay so produced represents all typer of impulses carried
in & nived motop-sensory nerve. The respouses recorded in the cercbe
ellum during stlmlation of & nurve were used to map oubd the recelving

sones of the cerebellum. The nerve was oxposed Ly inglsding and retraci-

ing the overlying skin and muscle. A pair of sllver wire elscirodes
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wore placsd 2 mm. spart, on the nerve end single electrical thyratron-
gontrolled condensor discharges were applied directly to the nerve.
These shocks were repoated at reguler intervals apd madntained &t an
intensity Just below the visible reflex threshold of the part.

In the remainding 3 birds, physiological stizuli were ot
ployed exelingively, This method of stimulation permits an exsmlsation
of the relationship between individual medelitdes of sensaiion and the
cerebellum, ag pointed out by Dow and Anderson ('42). Discrete parts
of the body may be activated In repld suwossslion md the responses,
recorded from the cerebellum during stimlation of those parts, may
and localised, The tramma inflicted o the experimental
animal also is minimized so that it can be maintained in good condi-
tlon for e much longer period.

Tagtile stimdation was produced Ly novement of individe
ual feathers with a stylus atbachod to an electromagnetic device. The

tip of the stylus moving through a distance of approcimately 3 mu.
produced a sudden displacement of the feather wiuch could be repeated
at regular intervals, The validity of this swthod of tactile stimla~
tion of hadrs or vibtrivsse has bean demonstrated in mammals {Salder
and Stowell, *hl). Fow of these stimulating devices were used synclno-
nously, the stylus of one being placed on & feather of the fage, ancther
on & wing feather, a third en & lag feather; and the fourth on a tail
feather. A muliipoler selector-gwitch which contrelled the four
electromaegnets  that enmerglzed the lndividual stimulafors permitied
stimalation in repid suocession of the feathers of ihe body roglons
indicated without disturbing the aniual betwoen tests of individusl
reglons. The resuliing putterms of yesponse could thon be compared

be com;




for evidenoce of somatotople specifiolty. Actlvation in the cerebelium
wos accepted as a true tackile rosponse 1f it occured only when a fes-
ther was displaced. I activetion persisted after removal of the siylus
from the surfags of the feabther, it was repurded as resulting from the
ellck of the stimdator and therefore cochlesr in origin, These re-
aponwes to the tactile stimulatorts click, however, were nol considered
in the resulte of activation of the anditory system. The sase criter-
ion was used Ly Snider and Stowell ('hh) in thelr imvestization of the
tactile areas of the nemmallian cerebollume

Stdmuletion of the visual receptors wes produced by a {lash
of light from a Strobotron (Sylvania SA30P) placed 10 ems from bhe
dark-adapted eye. This lustrument produces & widte light with a dise
charge epoctrum ranging botween 1,000 and 7,000 Angstrem unite. The
doration of the wave fyont ol the light, which ie 0.6 nsec., wes
detormined by ilmpressing the cutput from & photoelectric call activeted
by the diecharge of the .ﬂmh tube on the 1 mnec. timewbuse ol & catholdpe
ray oscillosgope. A thyratronscontrolled condensory discharpe trigpersd
the 1light amd permitted repetitlon al sy desired interval. A similar
mothed of stimulation has been succeselully used in the lnvestigation
of the visual recelving aveas of the memmalian cerebellum (Baider and
Stowell, thl).

Papes ('29) mtates that the svian optic tracts are couplotely
crossed ab tho optic chdasma, In escord with this snatomiesl fact we
found in ;valiw; experinenta on 2 pigeons that activation of the
optde tectum induced Ly a flash of Iight to the eye w8 produced only
in the techum contralateral to the retine stimdated, In the experi-
mente involving visual activation the cerebellar aluctrodes ware
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on the side opposite to the oye stimlated. In birds, as in mammals
(Sndder and Stowsll, 'hl), the optic tectum (superior colliculus) mst
be intaot for activailon of the cercbellum by visual impulses.

In order to eliminate any afferent impuleses whilch might ariee
fron movement of the eyelids, the surfaces of the cornes amd the eye-
1ids were snosthetised with 17 pontocainse, instilled into the conjunce
tival sac. The exiraeccular muscles were left intact because they
produce ittle moverent of the globus couli (Walls, *h2), and they are
difficult 4o excise without damaging adjacent nervous structurcs.

Activity recorded from the cercbellum after a flash of Light
o the eormiralateral eye was reparded as & true visusl respense i pre-
gent ouly when the light was permitted Vo enter the eye but disappeared
when the eye was covered., In most of the experiments a unipolur record-
ing electrode was placed on tho actiwvubed optlc tectums The complex
toctal responses to retinel stimilation, recorded through thls electvods,
were used as controls in predicting the approximate latency of thw cerebe-
ellar responsall,

The stimlus used in studying the relatiorship between the
suditory system and the cerebellum consisted of & slmple "elick® of
undebermined pltch and volumes The click wag produced by & hesring-
aid eayschone which was placed 5 cm, from the homelateral ear. The
sar-phons was sctivated by the thyretoncontrolled condensor dischwrgos.
The click could be repested at regular intervals. This type of stlmdus
has been ugsed successfully in the examiseiion of the suditory receiving
areas of the cerebellun of muamls (Snider snd Stowsll, 'Wk). The ve-
sponses in the cerebellum were regarded as auditory in origlin if they
diseppeared when the click stlmulus was eliminated, lub reappearcd when
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it was again ralsed to threshold level. True suditory responses have
& gonstant latent perdod and may be masked by sppropriate conbimmous
sounds. Care was talen to insure that the earwphone did not contact
the sitin or feathers of the head, tims aveiding cubtaneous stimulation.

The rn:;ord:}.r% tochnique necessary Ior the experiments doge
cribed must neet cartain requiremonts. It must be sapable of regise
tering the small and repld fluctuations of potential which characterisze
the spontaneous activity of the cerebellum, as pointed out Yy Advian
(35)» It also must be capsble of represeniing the tamporel cowrse of
the fluctuations of potentlal produced by en afferent volley in such a
mamer as o permll observation of latency, durstion and contour. In
addition, the methsd must pormit localimation of responses arising in
the cerebellum and of representinglocalised activily in such & mmner
that permanent records ces o mads when desmired.

Difficulties in vecording the small snd rapid changes of
potential were minimlsed by use of low-lovel diffarentisl recording
ampiifiers, The oulput of the amplifier wane led o the vﬁiﬁ@éﬂ “psgsgml
eathodomray csailloscope, wideh pormltted vieuwalization of thls activity.
An adequete tine-base was asswred by symelrendsing the linear swesp of
the opedlloscope with the stloalue,

Localisation of evoked activity in the cerebellun required the
uge of a recording method which would rogister only differonces of poten
tlal, The gradiemts of {hese differences due to loecal agtivity ave
mesclanl in the lmmediate vieinlty of an ackive mone md underge s gharp
spatial decrement (Lorente de Mo, '47). Since the differential inpuk
stago of the proamplifier rejecte zll fluctustions axcept those pro-
duced by differonces in potential, the actlon potentials recorded from



closely approximated Lipolar electrodes wore reparded as localizmed
nesr the roeording electrodes.

Bipolar mardin\g slecirodos ware employed exclusively in
this investlgation, These were composed of insulated copper wire V5
in dlsmotor. Four of the wires were cemented topsther by a sultahle
adhesive, such as glyptal enamel, %o form & cables The cable was
threaded throuch & plexiglass support which contalned four binding
poste, each of wiich received one of the wires of the eable (fiz. 17).
The end of the cable was cut dlagonally so that the exposed tin of
each wire wus separated from its neighbor by an interval of approd-
mately 0.5 mme The most distal tip wap designated number 1, the next
tip was muber 2, the next mmber 3, and the most proximal tip was
mmber Le The cut end of the cshle wes immerged in normal saline. Dy

volts direct current
applying a potential of 1.5 = 3,0 '/ to each binding post, a visible
bubble of hydrogen was generetod at the corresponding exposed tip. In
this vay, the relationship of the arrangement of the uninsviated tipe
to thelr prowimal attacimonte could Le cgtablished,

The leads of two separate differential smplifiers having sinle-
lar chavasteristics were attached to the tinding posts in such & way
that cleetrode palrs 1 and 2 could be coupared with 3 and L. The oute
put of the amplifiors was visuzlised on a dual cathode-ray oeclllosoope
(£ige 27)e

In determinming the approach in exploring the carebellum for
avidence of activation by periphoral stimmlation, certain fecters had
to be consi « A has been previouwsly noted, the amvunt of carcbe
ellsr surface avea which camn be expuscd is restricteds This elimdnsted
the possidbility ol obtaindng adequute murface recards. Pepetrating
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sloctrodes, howevar, can be passed through the smell eurface area
exposed Into any deep part of the cerebellum, Bipelar ALfferontisl
recording electrodes permit localization of the response., By use of
the eleetrode cable an cowparison of the simuldanecue rocords do-
rived from each of the paired clsetrodes, the Loundaries of the aetl~
vated areas could be established (fige, 21, 22, 23). Any overlapping
of the borders of thege arcas ¢ould alse be desongirated.

This method of exploration, however, has certaln limitatlons.
Only & few peneirations can be made in each animal, 4lse there is difw
fiouliy in accurately locating the elestrode tips and In projecting
thelr exact posiiion onte 2 standard dlajram. Localisalion of the
electrode tips was accomplished by the following method: after each
exploration the penetrating electrode was eut and was left Ln situ,
4% the end of the experiment, the entire bradn, in situ in the skull,
with all electrodes in place; was salmerged in 158 fﬁalin for harden-
ing. When sufficiently hardenod, remaining bone and dwrd that had net
been disssctod awy for sxposure of the cersbellim were cavefully row
move, without distarblng the elscirodes, and (ho cerchollum wae talten
from tiw akull eavity. It was then repidly dehydreted in grm
aleokols and finally cleared in methyl salicylates The sleared cerebe
ollum (Cigs 17) was examioed with the aild of a disseciing mleroscope
and the exact location of individual tipe of the electrods cable was
plotted on standard diagrams of the midsagittal plans and $he anterior

or posterior surface views of the organ. A8 & e:imzk;l on poseible dise

placenent of elevtrodes by post-axperdimental handling of the praeparations,

as described, siumilar electrodes wers implented in the ceraebella of 3
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control birds, These electrodes wers cut at the cersbellar surfuce

and each Wraln, with a‘i&aﬁra@s ia piace, was $hen subjocted to the
same hardening, deiydrating end clearing procedures used on the experi-
| mantsl cearebells. No demonstrable dlsplacement of electrodes in thess
soatrols wos obsarved. Furbther, 1% hes been noted in oxperinents sope
formed pelor %0 the present serdies, that even when the cercbollum under-
want shrlinikage, the original positlons of the uminsulated tipa of the
copper wire electrodes which wers buried at various levels in the orgun
cotld be localised by & greenish discoloration which they produced in
the tissue surrounding them, In the slounien Drwins there was Little
evidenoe of displacenent of the tlp of the electrodes fram the folia
in which they wore esbedded.

For pormanent records of the resulie of the experiment {ho
electrode placemonts weare plotted on standard diagrams of the carebellum
af cach spocier examined, The transposition of Wiz placement to the
dlagram constituted one of the most ¢ifficult features of the recard
and should be recognized as & peesille sourse of erroxe. To aid in
comparison, the pointz lecallsed iz the cerebellum were projected to
the surfage of the folia, This wap coneldered to be a valid procedure
beeause of the small distances involved and the extent of overiap be-
~ tweon the verdous areas.

The potentiale produced by cerebellar activity, shown as
“gpilcea™ on the dusl eathode-ray osclllosvope,; ware pholographed.
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EXPERIVENTAL RESULTS

A pammary of the reglons to which atimudl were a;ap:;.mi is
given in table ls The mumber of individual electrode placements is
also indiestod for all of the aplmals used {rom which responses were
recordad within the cercbellum as & result of emcitation of 4he recopw
bors of these reglons. Table 2 indicates the reglons stimdated and
the folia in which the resulting activity was obltained in each of the
3 specisss The twe {yves of stimlation euployed, as described in the
sectlion on physiologlecl methods, are indisated to pemdt comparison
of the results of the excitatory techniques, The vesulis of explora-
tion following stimulation of peripheral nerves are also sumsarised in
the 2 tables. | _
| The positions of verebollar locd vespondlag to peripheral
stimulation are represanted on composite diagrame of midsagittal
anterior and postorior viems of the cerebellun of each spoeles of bird
studled (figs. 18, 19, 20). In the amberior and posterdor views sash
responding elte is projocted to the surface of the follum MNrom wiich it
wis recarded. lany nore recording slectrdoss were imserted to other
parts of the cerebellum but the placement polints which were not activa~
tod by stimulation of peripheral receptors are not shown in the dlsgrans.
Pigures 21, 22, and 23 dipigcmnplas, of the types of cerehellar respouses
that were oblained and illuetrate how bourddries betwsen ¢he schive areas
could be estavllshed in some casas.

Electripal stlmulation of peripheral nerves

Tha porticns of the cerebellum whish respond te eleetrical



stimlation of a large mixed paripheral nsrve of a body part are firet
deeoribed. The laetile receiving reglons are then considered, snd fine
ally the audibtory and visual recelviag parts of the cerebellum of the
bird are dloscussed. Larsell's {'L6) terminology is euployed with refer.
ence to the folis of the avian cerebellum. The name of the mammalian
lobule sorresponding $o the folia, or of which individual folla are a
party is given in parenthesis next to Larssll's numerical designation
to fecilitate the recognitdon of the verious responding sites.

The reglons of the cereballim yesponding o electrical
gtimulation of & mixed motor ami sensory peripheral nerwe of sach body
part were located primerily in the anterior portions of the cerebellim,
In one pigeon and one owl electrical stimulation of & mixed motor and
gseusory nerve ia the tedl reglon produced responses,ihe latency of
which ranged between 1l and 20 mmec, The responding sites wore located
on the ipeilateral eides of follum IIT (upper centrsl lobule) and folium
IV (lower culmen), BEleotrical stimulation of a nerve of the tall reglon
evoled aobivity in 3 sepurate eloctrode placemsnis in the folia named,
as indlcated in tabls 1., Stimlation of the sclatic nerve resulted in
responses in 2 sxperiments on plgeons and in b experiments on owls. The
latent period of these yesponses ranged from 16 40 22 mmec, The cleared
carebella mvoala& that the responding sites were located in the ipsiie-
teral side of foldum IIY (upper central lomla),. folixm IV and foliwm V
{culnen), end were represented in 9 slectrede ploacowents. Stlmulation
of the radiel newve of the wing yroduced responses in 6 pigecns and in
5 owls, the latency ranging from 10 to 16 msec. The responding loedl
wero found to be losated ipsilaterally i foliwm IV and foldun V (culmen)
as well as in foliwm Via (rostral declive) and wers yepresentedin 1k
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alectroda placenentss Stimdation of the infrsortital wanch of the
trigeninal norve in 2 experiments on plgecns and in one experiment on
& duek produced responses aftar a latent peried of 6 to 10 msec. The
1osations of the sites responding to stimladtion of the tripesimie wore
found in the ipsilatersl side of folia Vla, VIb and VIe (declive). The
responses were recorded fwrom 3 electrode placemenise Diveol elsetricsl
gtimlation of the surfece of the optic tectun in ome experiment on as
owl produced & response in foliwm VII, which had a latency of only 2 to
Iy moes,

The cerebellar activity evoked by stimmlation of peripheral
nerves with & single electrical shook and recorded from the depthe of
the cerebellum was diphasic, triphseic or complex in wave form, |

In sumsarising the findings with respect Yo cercbellar
rosponse to electirical stimlation of regiomel nerves; it iz %o Le :&@@d
that the responding loci are distrituted ipsilaterally in foliws IIX
{upper central Jobule), foliwa IV and foldum ¥V {culmesn), and foliwm VIa,
Vib, and VIo {(declive), ascording to the nerve involved., Thers is a
definite semntolople arrasgement of the responding sites Inte areas,
The borders of these arees overisp each othere The tall reglon erea
is located most rostrally, the leg ares, the wing ares and the face
area following in ssquence csudal to ib. In one bird electriesl stlmue
lation of the optic tectum as above noted, produced a response in follum
VII (the follwmetuber vermis lobull)s

Tactlle stimulatlon

Responses to tactile etimilation, resuliing {rom movements



of feathers of the werious regimms, ogour in several folia, OSiimulae-
tion of & tail feather in b experiments o pigeons, L experiments on
owls, and 1 experiment on a duck, resulted in astivetlon after e

latent perdod of 22 to 36 msecey in folium IIT (upper centyul lotals)

and foliws IV {lower culmen) on the sume side of the body, s was sube
sequently determined by the olectwrode placemsnis in the cleared bruins.
Stimilation of leg feathors evoked activity in 6 experiments on piseons,
2 exporimente on owls,; and 1 experiment on & duck. The latency of themo -
tactile responses renged from 22 to 30 meec. The polnts of response

were loocated ipellaterally in folium IV and foliwm V (culmen), and in

one instance; in follum Via {rostral declive). Tactile rosponses fron
the leg were recorded from 1 electrode placements in the folia indicated,

Movemonts of & feather of the wing evoked responses in 15
pigeons, 5 owls, and 1 duck, The ladtent period ranged from 146 to 22
meec. The activeted sites wore located ipsilaterally in foliwm IV
and ¥ {culmen), snd in follum VIa (rostral deelive). Twenty ologe
trode placencntes were found in the cleored brwins from which responses
were recorded following wing stimulatione In 2 plgeons and 2 ovwls
movaments of the feathars of the face resulted in responses, with &
latency of 10 to 15 msecs The resmponding areas wore located ipsilaters
ally in folium VI (declive), as shown by 7 electrode placements.

In susmeary tactiile impulses reach folium IZXI {upper contrsl
lobule), felium IV and foliwm V (oulmen), as well as follum VI (declive).
The responding sones are Mat.ad on the ipsilutercl side of the cercbe
ellum, There is a dofinite somatotople arrangment of the astivated
locl into tall, leg, wing, and face tactile aress. These ars cowexten-
sive with those described as responding alter electrical stimlstion
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of the nerves to the corresponding parte of the bedy, The borders of

the tagtile aress overlap extensivelys

juditory end vieusl stimulation

Stimulation of the bird's cochilea with & sinple "ollck® from
& hetringeaid ear-phone, as desoribed, also cvolied cerebellar responses,
as shown in 5 experivental plgeone, 5 expurizental owls, and 2 experi- .
montal duckse The reglons activated were located in folium VIe (csudal
doclive}, follum VII {the follumetuber vormis lotule), and foliuwm VIII
{pyramta)e The latency of the auditary respoases ranged from L to 10
moecs Lctivity was recorded as & resuld of auditory stimmlation from
16 electyrode placaments.

51’.18:&1%&03} of the retlna with a flash of 'amitnr Light, as
described, resulted in ecerebellar response in ?igwna . 8 wlng and
2 ducks, The responpes wore localized, contralaterally, in folium Vie
{caudal declive), folium VIT (the foliwmwtubsr vermis lobull), and
follbum VITT (pyramie)s The latency of the visual responses ranged
from 2h=26 msoce 4 total of 13 clestrode placaments in these folla
indicated activity. Tho evoked potentials were more sasily abta%.zm
if the stimulated oye wus first allowsd Lo adapt iteell to dwrkness.

In sumarizing the sones of response to suditory and visual
stimlatdon, it is 1o be noted that they are approximutely co-sstensive.
Responges %o both types of stimll were regorded from folium Yie (csu~
dal declive), folium VII (the follumetuber wvermis lobuli) and follum
VIZ (pyramis}s On the basis of the resulis of the present luvesiigse
tion it seemp Justifiebls to designate this region of the garebellum
of birds as the audic-visual area,
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¥ DISCUSSION

The presest investigstion demonstyates in duck and chick
esbryos, the existance of & comipsure cervebelll and & lateral cumdse
sure &8 the earliest fibers bundles to appear in the cerebellum of
birdss This oheervation confirms the interpretation of Larsell (*hE),
and alse his deseription that the cowdssura mm' is compoged of
ventral splao=cerebellar and trigeminal fibers, The splno-cerebollar
and trigesinal componants of this comsissure in birds had jweviocusly
bees: noted by Sendevs {129}, and Woodbwne {736). The latersl coowiive
sure consisis of vestibular reot fidbers and secondsry vestibular
fihers. Those commissures have been desceribed in lower vertebrates
and in mamsals (Lawsell, '20, '25, 26, '31, '32a, '32b, '35, '37, LY,
48, 1505 Larsell snd Dow, '35; Kappers, Huber and Crosby, '36). ILarsell
regerds them as the fandamental covmissural systeus of the carpus corebe
elli and the flocculomodular lobe, respoctively.

The restudy of the afferent {iber tracts of the avian cergb-
ellun confirms moot of the resulte of previmue luvestigators, but there
are Laportant exveptionn as noted in the deseriptive ssciion of ihe
toxte The strlo-serebellar and semilunavecerebellar tracts were mot,
W, mimd in thie Lmvestigation. 7The Marchi and chrometolytic
methods, s¢ well as the animels employed in this study, were siallay
o those which have been satisfactorily uwsed by previcus wurkers
(¥allenberg, Y00 Shimasono, 123 Ingvar, '18; and others). Brodal,
Eristiansen and Jansen ('50) using 4 modified von Oudden method appli-
gable to very young aanimals, in which cells affected Ly destrustlon ol
various regions of the norveus system are siained to bring out possible
shrematolytic changes, bave demonstrated pontosterebellsr comwoblicng



hat bave orevisusly been regarded as dubious,

The dorsal and veniral spino-cercbellar tragts wers cbserved
in pormel enbryonie and adult avian brains and in sultable experimental
proparations, The divisdon: of this syetem into dorsal and ventral
tracts, wileh was {irst noted in reptiles by Larsell ('32b), has alse
besn described in birds (Keppers, Maber and Crosby, '36), This spinow
corebellur systen has teen ldentified by many authors (Fiiedlinder,
18983 Shimssono, Y123 Ingvar, '18; and others). In the present, Livesw
tigation the spino-corebellar systen hos been followod as for caudally
as the lower lumbar region of the cord, in sgreemant with the deseripe
tions of Friedlander (1898) and Ingver ('18), The corebellar distrilu-
tion of fibvaers is shown by the Marchi tecimique %o folla IT and IXI
{central lobule), folia IV snd V (culmen), and folia VIa aml VIb
(rostral declive) of the anterior lobes This distribution in the
anterior lobe confime Ingvar's cbservations as he pletures them im
s figure 75, although Ingvar's designations of the cerebeller lotulos
of this region are different. Lobull IXa, IXb and IXe (uvula) alse
recelve spino=cersbellar contributions, while lobulus VIII {(pyramis)
recelves a fow sonitbered {ibers from this sysiem. No spino-terebellar
fibers could be traced to follum I (lingula), folium VIb (caudal declive),
follwm VIT (the follum~tuber vermis lobuls) and foliwm X (nodulus), Ing-
var (¥18) desoribed spino-cerebellar fibers in his posterior love as
reaching only iato his pyramis and uwila of birds, which corvespond io
Larsell's ('48) folium IXa, IXb, and IXe (uwwula), Shimesons (%12)
deperibed such fibers ss pessing inbo the reglon that he designetes os
the two venbtral lobull of the posterlor lobes In the preparstions used
in the present ilnvesilipustion no comections between the spino-cerehellar
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gystom and the deep cerebellar mucled gould be identified. Sanders (128),
however; described pome [ibers to these structures.

The two spino-cerebsllar tracts of the bird, therelors, teru-
inste approximately in the parte of the voarals b et are homologous to
those iz which the correspomilng tracts end in mawmals, ms desceribed by
Hachalty and Morslsy ('09), Ingwar {%18), Janson ('31) and others., In
mummle the dorsal tract of this system of fibers 1l also distributed
to parts of the lateral hemispheres adjacent to the vermis. Usdng
cscillographie methods, Dow (f39) has confirmed the distribution of these
tracts in mammals as determined by the eerlier imnvestigaters clted, who
amployed the Marchi techmiques e found that the spino-cerebellar tracts
were aseociated with the snterior lobe, lebulue slwplex, pyramis, wala
and the pavdamedisn Iotulon.

Root Dlbers and secondary trigeminal fibers from the superior
sensory pucleus elearly pass into the cerebellum in owr silver propesie.
tlong of cihlck and duck embiryos, Similar sornections have besen described
by Sanders {(120), Weodbwrne ('36) and athers, in birds. The present
investigator observed, ag dld these suthors, that part of trigeninoe
cerebellar trects in the adult aulmsl enters the veglom of the anberior
modullary velum / decissstes as part of the comsloswm cevebelll. In
reptiles similar trigeninc-carobellar petiwaya have beon deseribed by
Laraell {(*32). In a more recent contribtutien, larsell{'37) designates
the pael of the Vih muclesr complex vhich gives rise Yo the secondary
trigomingd Tibers that reach the commlssure as the muclous of the
cerebellar commissure, Pearson (*h9) deveribee cells of the mesence-
phalic mucleus of the trigeminus in husan fetuses as extending inte
the base of the cersbellsr vermis and hemlopheres.



Ap deseribedy experimental losiong of the esupericr sensory
¥&h mucleus yesult in degencration of fibers which emtend into lolium
¥ (upper eulmen), folluws VI (declive) and perhaps to folium VI (the
follwwtuber voarmls lobuls) of the verebellun of birds., Deesuse othor
fiber syeitons were alse involved by the losions, a more exact locallsew
tion va ol possible by these anatomiosl methods. Removal of the cerebe
ellar cortex of the latter tws folla, however, produced clromatolytic
changes in the dorsal pard of the superior sensory nucleus of the trde
geminal nerve. The resulis hare recorded appear to represent the
firet demonstyration by anatomicsl exporimental methods of the trigemino.
cerebellar lract snd ites commections in any vertebrate type. Lareell
(151) mumwarizes the trigemino-csrobellar coppections and indicates
diagremationlly in his figuwre 270 that these [ibers torminate in the
varrdan reglon of the mummalian cerebellum around the fisswea prims.
The fisdings of the present investigsetlon appear to agree well with
tids disteibuiion.

TYestiulo=corebollar commections were followed frem the
vestilbular root and the vestibuler melel inte the lateral comuissure
of the duck and chick emlewyos, as has boen previcusly shom by Larsell
('48)e Experimental lssdons of the VIITth nerve and the vostibular
maclel permit degenerating fibers to be trased inte the reglem of the
suricle and inte foliwa IX (uvula) and follwm X (nodulus)s The direct
root fibers appear to be related to both portions of the suriels
{lateral extensions of foliumm IXe and folium X)s Vestiluloecershellar
connavtione ta the suricls of bHirds hove becn described by Wallenberg
(t00); Shimasone (*12), CGroebbels (%27, '20) and otherns 8. Humon y
Gajal (t00a) and Sanders ('29) have traced direct and pocondury vestis



bular comnestions to the deep cerebollar nuclel. Frenkel ('09) was
wtable, however, to demonstrete these direcht connsetions in the birds

The mammalion cerebellam exhibite homologous vestlbolow
cerabollay conmections, Ingwer (YI0) and Dow (136) observed direct
vestibular root flbers %o the uvila and nodulus as well as to the
lingula and the fastiglal muelesus, Secondary vestilmlar connsetions
with the cersbellum have been deseribed also by these suthors and by
Larpell (151) ae arising from the vestibular muelel in mammals. Dow
(*35) observed that etimulatdon of the VIITth nerve with single olecw
tricel) shocks resulied in perebellar sction petentizle in both {logw
culi, the nodulus, wvula, linguls, and the fastigial nuclel in muwwls,
In comparing the areas of the bird cercbellum which receive vestibwlar
fibers with the coryesponding areas ln the mamssllen ¢erebellum, 1t is
to be noted Shat no vestibuler comcctions have been described in birds
to follwm T {lingula), although vestibular comnsctions te this folium
here been deseribed in mamnsls.

Cochleo-cercbellar (lamino-serebellar) comnections of birds
have been described by Bok (Y15}, Sanders (729), and cthors. Mo evie
denice of comnections oould be demonstrated from the cochlsar muelel
%o the cerebollsr cortex in the present investigation. The existence
of such & comnection has been questloned on the basis ol comparative
studies of the andibory complex in birds and memmals (Stotler, 'O1).
In nawesls no coshleo=cerebellar tract has been demonsirated.

Tectowcarebellar flbers were observed exbending froa the
toctal reglon through the latersl margins of the anteriar =medullary
volun to folium VI (declive), foliwm VII (the follumwbuber vermdis
lotule), foldum VIII {pyrumis), and doubtfully to follwm IX {uwvula).



This tract has beon observed previsugly in brds Ly many investige-
tors (Mmser and Piemer, 16905 Wallenbery, '00; Frenkel, '09; Shlnge
sono, '12; and others)s 4 siwdler origln in birds wes described by
Fremkel., Shlmssono ('12) and Kappars, Mubey and Crosby {30) dess
eribed the tecto-cerebellar (ibers as distributed to the ocsudel and
modial vermis in birds. The dAlfliculty of produeing a lesion confined
o this tract dloue mekes the exaet termination of the fibers hard to
delimit. Remeval of the cortex of follum VI {declive) and folimm VII
{the foliumebuber vermis lobuls) produced clwematolytic changes in the
tectal gray from which the tract takee its origing as alveady descrlib-
ed. This demonstrated by an experimentdl natomlesl methed the source
of these Tibers.

The tecto=gerebellar tract has been demonatyated hy neuroe
histological methods in mamsals and man by Hnes (25), Larsell (*36,
t30a, Yh7) and Rilay ('43); as well as in lover vertobrates (Larsell, 23,
126, ¥32a, '32b, and othews). Oseillographic evidence of such & comnoo=~
tion was demonstrated in mwmals Ly Snider and Stowell (*hl) and Snider
(L5}, o indicate that the mrojection of this tract to the cerebellar
gorbex 1s principally te the lobulus olmplex and twber vermls reglon.

The olive-cerabeller fibers of birds ware found in the pre-
sent investigation to be distributed to all parts of the cerebellar
cortexs These tracts heve been described in birds previously by
Toshimwa (*10), Sanders (!29) and others, Clwomstolytic studies as
well as normal Yelgert preparatious used in tle present study suggest
that this tract is mostly croseed. This la in agreement with the cobe
cluslong of the authows cited, In mesmals, may luvestigators have
demonstrated a similar wide distrilution of olivowcerebellsy {ibers



{Holmos and Stewart, '00; Drodal, '40; and others)s Dow {¥39) cone
Liroed this in mammale electroplymiclogically,

The pontowcerebollar tracts of blrds have been studled
extemsively by Bredal, Lristisnsen and Jansen ('50)¢ Thelr work indie
cates thet the wmudismermtary pons nucled project te both eides of the
cerebellun, The fibers terulnate princlpally in tle latersl aspects
of foliwa VI (declive), folimm VII (the follumetuber vermis lolule)
and foldwn VIIY (pyraais),; s woll as in the adjacent unfolisted corw
tax, The present investigation coulirms the presence of these panbow
corebellar connections in birds, Sunderland, ('40) and Drodal and
Jansen {*}6) have « described the diffuse projection of ponto-coreb-
ellar fibere in mammals, Dow's {139) electrophysiologlcal studles
verified the comwections belwpen the pone and the cerebellum in mag-
malse Advian ('43), Bampeon ('49), and Bnider (150) have depicted
& samatotople relationshdp thwough this syvten betwoen the cerelwal
cortex and ths cerebellum,

The early studies of the phymiclogical acbivity and the
subdivisions of the avian cercbellun (Weirwifitehell, 1969; lLenge, 1891y
Ten Oato, '27, ¥36) Zanchettl, 'L9) are difficult to relate to the
resulde of the present investigation. Thase previcus iavestigations
prinsily ware studles of the effector activity of the srpan and were
baged upen the vesults of ablation experiments (Ten Cate) o upon
cloctrical. or chemical oxoitation of the cerebellar cortex (Shimesono,
Bremor, Zanchetti). lNo study of the aviap cerebellum employing the
mothod of recordiyy neuronal activity in response to efferent stimnla-
tion,such ag wes uwsed in thie lnvestigetion has appesreds In mamaals,
however, similar studies of the cerebellum have been mamarous (Dow, 139;



Dowr and Anderson, ‘423 Snlder and Stowell, 'h2, "hby Adrien, "L3)e
The recent study of the developmont and subdivislons of the
cerehellum of birde by Lareell (10} sugposts o funetional srrange-
ment of the subdivisions of the avian cerebellun which may now be
sompured with the results deseribed in the present investligetione.
Afver compering the movphology of the cerebellum of wvardous adald
birds with the action of the wing, tall, and leg feuthers, as recordsd
by Alles {148) by mesns of highespeed flash photograply, Laveell suge
gests that foliuwm I (lingula) is associated with the tall muscles, and
folima IT and foliwm IIX {ecemtrel lobule) with the dogree of develops
ment of the legs. Folium IV and folims V (eulmen), oo well as folium
Via, are assoclated with the degree of development of the musoles of
the wings This auvthor further pointed cut the poesibility that Onliun
VI {declive) of the avian cerebellm might be associsted with the -
axterogaptive component of the Vih nerve. It should be noted that the
receiving aveas of the tell and leg of the avian cerebellus described
in the proesent study are located sumewhal posterior to the folla suge
gested by lersell as being concersed with these body parts. This mey

possibly be gmplained by the fact that the pygostyle, which lies several

vertelral segmente caudal %o the segrente glving rise %o the nerves of
the tall stimulated in the present investigation; probably more nearly
represents the homelogue of the tall of other vertelrates, This suthor
eonsldered foliws YII {(the follumetuber verwis lobule) as associated
with auditory funciion in bLirds, The present study, as well as gorrecw
ponding luvestdgations in mmmmals {Snider and Stowell, '), support
and ampllly this opinton. |
There is no doubt that alferent recelving areas which respond
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to nerve stlmlation exdst in téljw avien cerebellun, The areas con-
cernad with the dall reglon, liubs and face ave sometotopically
arranged in the antorior lobe. The tall recelving area is represented
ipedlaterally prineipally in folium IXT (upper contral lobule) and
foliuwam IV (lower culmen). The leg ares may be dlineated in foliwmm ITI
{upper contral lobuwle), foliwa IV and folims V {culmen); the wing area
in foliuwm IV and folfua ¥ (cralnui) as woll as foldum Vie {rostral de-
clive); whils the foce area is found in folds Vie, b, and ¢ (declive),
In the posterlor labe of the cevebollum of one bird & cerebellaw
recoiving aredr, represonting the tarmination of a relay path frem the
teotun, was demonsiyated in folium VII (the follumeiuber versds lobule).
The tail and wpper and lower Linb aveas,ss well as the face area)overw
- lap extengively. .

The distriution of the afferent Ciber terminatlons of the
avian cerebsllum supports & sematotopic arrangement., The spluoecarebe |
ellar gyeten is distributed primarily to the parte of the anterior lobe
in which the tactile areas of the linmbs and $ail are located, The
terminatlions of ihe corresponding tracts of mammals have besn demane

- steuted to bave & siumilar sometotople srrangement (Advian, 'h3). Accord-

iag to this author the splno-cerebellar receliving area for the hindliwb
of mapmals le located in the centaal lobule and lower culman; the area
for the forelimb is found in the culmen and the rostral lobulus sin-
plexs The trigeminowcerebellar tract has been described in the present
investigetlon as distriuted, at least in pard, bo the fellumm in the
aros in which rosponses followed stimulation of o uerve of the faco.
This tract frem the extercceptive parte of the trigeminal complex should
bo the patlwmy by vhich lmpulses from the face pass o the cerebellum.
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Adrian {Y53), however, doscribes s spinowgerebellar receiving avea of
the face in memunals, mﬁyf 7 4% is located in the loulun simplex.
Larsell (*40, '51) calls attention %o the relationeldp Letween the
trigeuinel nerve and the dpper culmon-dsclive regien of the cerobellmm
of blwds and mamnls.

The teciomcereballer tracte, which Snider and Stowoll (tLh)
and Smidar ('45) desoribe as belng the link by which impulses are
modiated from the colliculd to the lobulus simplax fuber vermls regione
of the ssmselisn cerebellum, terminate generally in the corresponding
folia of the svian cersbellime.

The rosponses recorded from the cerebellum following applices
tion of a teotlils stimnlus to & pard of the body of birds, were found
to exhibit & somstotopic srrangament clomely paralleling that of the
aress which respond to nerve stisulation, The tactils tall area was
found to 1le principally in foliwn XIY {upper centeal lobule) and
follum IV {lower culmen); the tactile leg erea in folliuws IV and foliwm
¥ (culmen), the tactile wing area in folium IV and follum V (culmen)}
as woll as folium Via, folium VIeI and folium VI-2 (rostral deslive),
and the tactile face ares in folium VIabe (declive)s These tactile
areas are apparently co-extensive with the cerebellar areas responding
$o0 nerve silmlation and show the same tendancy Lo gverlap one another,

Sioce 1t 1s o311l net koown whether spino-cercbellar fibers
carry tactile impulses (Snider, '90), although the fumotion of these
tracts has been so desaribed (Adrian, Y43}, the correlation botween
the tersination of this system and those tactils areas in the cerebellum
of birds has yet o bo definitely establisheds Brodal ('41) hes analy-
pod the conmsetions betwean the posbericr Dunieull and the cerebollum
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of mummals. This iovesbigstor established a definite relaticnship bow
twoon the opinowcerebellar reseiving arcas and the latercl ouneste
macleus, Siilsr connections have been described by Shimasonc (¥12),
Prenkel ('09) and otlers in birds even through Uhe postericr column
syeten in the avien brain i peorly developed (Arigms Kappors 147).
The presant investigation did not include a study of the cuncito cercim
ellar fibers, The possibility, however, exisits as has Loun suggueted
in sspmals, that tactile impulses may reseh the cerebellum Ly way of
the postordor funiouli as well as by the spluowcerebellar tracts.

In eeeparing the tactile aress of the avian cersbelium with
those deseribed $n the cerebellum of mammals (Snider end 3towell, '42,
Yy Adelan *h3), 1t is ab once to be noted that these sress in memals,
in addition to Lelng represented ipsilaverally in the anderler lobe,
are also present Lilaterally in the paramedian lobulss. o comparable
posterior tactiles romresentation could be demonstrated in the avien
corebellum. OSince the paramedlan lobulss are absent in birde (Ingvar,
1183 Larsell, 'h0), it seens logloal that the posterior tactile aress
wirlgh they conbaln also havé not yeb developed, |

The tactile aress are somatobosically srranged in the antesior
lobe of the mammalian covebellms (Snider and Stowell, 'h2, 'Whs Adrian,
143} os thoy are in the bird, The mammalian hindlimb tactile avea is
located mﬁ?‘mm tin Sondiieh Seotile 42es 15 the widuen and AN
lobulue simplax, while the fave area in mwwmals is loosted primerily ln
the lobulus simplex. These arcas overlsp each other considersbly in
both birds snd mammads. Although folium IIX (upper central lobule)
responds to xtiminisicn of the selatic norve, as previously indicated,
mo tactile responser could be recorded frem this regions The tactile
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leg aves; however, ao in the ¢ose of the olher tactlle arecas, is pro-
bably cowexbtoneive with the recelving wrea which responds to podatic
nerve stisulabion and peobably extends inte follum ITI,

Compardgon of the latency of respanse of the tzecbile arese in
birds and mammals also indicated mmpommeﬁfmﬁimm%mm
elasses. Snider and “towall ('hh) ebate thet the latency of the hinde
paw tactile arcs of the anterior lobe rvanges from B 4o 3, meec. The
latency of the corresponding area in the cerebellsm of bride rangee
Lrom 22 4o 30 meec. The tactlile forepaw arca of numals responds
after 1L 4o 17 msec., while the tactile wing arec of birds iz activie
tod 16 to 22 moes, efter stlmlation of & feather of the wiag. The
latencles of responpe of the tactile face area in mammls is. 10 to 1k
moec. whiloe in birde it is 10 to 16 nsec. |

The auditory @yl visusl recelving sreas of the cerebellum of
ammmmmmwwwﬁmmmm”u. Theme
aress are located in foliwm VIII {pyraumis), folium VII (the foliwse
fuber vermis lobule) and ovcesiomally folimm Vie {the csudal deelive}.
In mamsals, the corresponding aress have been identified by Sauider and
Stowsld (*4k) i the lobalus sinplem, foltws/iiber vernls/pyrunis. souplex.

The tectow-cerobellar tracts ap les been previcusly discussed,
have been shown in the presost investigation %o project into the corresponding
roglon of the aviay cerebelim. Snider and Stowsll (ML) and Snider
{(*48) consider thet snditory smd visual impulses are welsyud Lo the
corobollim of memmals fron the tectal reglon over these tructs. An
tntact optic beetum which gives origin to this tract is essentisl for
the production of responses in the visual receiving areas of the ecarcbw
ellum, The superior golliculus, the homclogous mamualian strueture, is



likewine e essential link in the production of the corresponding ro-
gponses in the mammallan visual recelving areas (Snlder end Stowsll,
Yih)e The relationshdp of the homologue of the inferior colllculus

in birds, naely, the lateral mesencophnlic mucleusy to the conduetion
of impulses t6 the auditory recelving arscs of ihe eviean cerebsllum,

was not studled in this investipgation, In mesmals $he inferior colllone
lus is an essantial relay for the impulses which pass to the awlitory
roocoiving wreas of the cercbellum (Snider and Stowell, *Ll).

- In ommparing the latencles of the auditory and visusl responses
in birds 4o those of mammals it is %o be noted thet the suditery receive
ing area of the avian gerebollum responds to the elick stimulus efter
& latency Panging from 4 to 10 weec. Thie is to be compared with the

latency of 6 to 1L msec, for sinilar responses in mammals in the core .
responding area. The vigual areas of the bird respond alter & latent
pardod of 24 to 26 msec. In mammals the visuwal aves responds after
a latency of sprroximately 20 mesec, (Suider, '50).

Vi SUIBIARY AND CONCLUSIONS

1, The laterdl and cerebellar aami.smmlin birde, os dese
eribed by larsell (*L8), ie confimmed in this izmgmaﬁ. |

2+ The spino-carebellar é;rst;em originaten ab least as far
ocaudslly as the lower lusbar level of the spinal corde The system is
compvesd of @ dorsal spinowgerebellar tract and o vestral spino-cercbe
ellar tracts The latber wa&itam to the formation of the cerebellsy
candamire,. These trscts project to foliwm IZ and folium IIT (central
lobule), folium IV and foliwe V {culman), as well as o folla Vie mdi;
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{rootrel declive) of the avian gercbellumm, A lsge concentrated cone
tribution passes to foldum VIID (pyramis) and folium IX (uwula),
3= The trigeninowcerebellar fibers san be ldentifled as
arising diregtly from the Vih root in the eulryo as well as freo the
dorsolatersl portion of the superiuw peasory miclews of V in the adult.
This Yrach terminates for the most pert in follum ¥ (upper culmen),
folium VI (declive) snd folium VII (the follwsbuber vermls lobuls) of
| the avian cerebollum,
s Vestibulowcerebellar fibers arise frem the VIIIth root
and from the vestibulay wuclei)whonse they can be tvaced to the suricle
and to folium IX (wvala) and follum X (nodulus).
‘5. Tecto-cerebellar flvers,ariging in the medial tectal
gray, pass into the avian cerebellum tlwough the lateral aspecis of the
anterior medullary velmn and terminate prineipally in foliwm VI {declive),
folium VI (the folimmetuber wemis lobule), folium VIII (pyresis) and
perhaps follum IX (uvula).
6« The olivo=perebellar fibers pase %o all parte of the
cercbellar cortex in birds,
"7e The jwesence of a pondo~cerchellar system in birds des—
eribed by Brodal, Kristiansen and Jansen ('50) is conlirmed,
8. Reocelving avess which respond follewing stimulation of
a large narve in the tadll, leg, wiag and face are ldentified in the
corebollum of birds. The tail ares is located in ipsilatersl folium
IIT (upper central lobule) and feliwm IV (lower eulmen), the leg ares
in foliwm IV and folfum V (culmen) and probatly in foliwa IXI (upper

centrel lobuls), the wing area in follum IV and foliwa V {culmen) as
well as foliwm Via (the rostral declive)s Dircet stimdlstion of the



optie bectun in one owl demonsirated a comneciion of this portlean of
the midbrain with folium VI,

e Tactilo receiving sress are present in the avian cevebe
ellum. These are co-axbensive with the areas responding to nerve
sbtimulation and show & slimllar somatotopic arvaugenent. The latencies
of response vcouring 1n these dactile aress correspaud rether closely
with those described hy other autbore in wmomsals.

10, Auditory and visual recelving areas are pregent and ave
comexctansive in the avian cerebellum, These areas are found in foliun
Vie (esudel declive), folium VIT (the follumetuber verals lobule), and
foldum VIII (pyremis)e The latent paried of the anditery and visual
responsop are comparable to those of sinilar responses desoribed in the
mammalian cerebellum,
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ADBREVIATIONS FOR ALL PIGURES

e, auricie

e conje; brachium conjunobivan

Cs @le, corpus cerebelli

cha; cercboellun

€oe €he, cercbellar comaissure

oo. lat,; latersl comaisoure

Cs Ds, corebellar peduncle

8ps; Spendyna

£+ BeCe, fisoura soounds

£lsy Tliocculus

fo Do 1sy pocterciateral fismure

Te ppdsy prepyvramidal {lessure

fo prey finsurs prinn

s Yo, ganglion of Vi narve

ghe VIIL,, ganglion of VIIIth nerve

neds. oble, medulla oblongata

Re Vo, trigeninal nerve

Me Cha Ms, medial cerebellar nucleus

Mie 8¢ s ?.,sqrmar sensory mueleus of the Vih nerve
nue VIII, wey vestibuler nucleue of VIIIth nerve
rs 1oy dateral recese of the Lth nerve

re ey root of IVEh nerve

*s Ve voob of Vih nerve

Pe Vo cba, flbers from the trigeninal root

s VIII., root of the VIITLh nerve



e VIITs vy Pibors from vestilular root of the VIIIth nerve
e s Cop Olivomcorehbellar tract

s 8pe obey spinc-garebellar trach

tr. spe obs da, dorsal spino-cerchellar tract

We 8pe Ohe Vey veuiral spino-cersbellay tract

tre te Cha, tocto-cerchellar tract

tre Ve obe, secondary trigemino-cerebellar tract

tre VIIT« ohey secondary vestibulo-cerebellar trach

Ve by fowrth ventricle |

. Ve Gy Oorebsllar ventricls

Ve fe Sy anterior nsdullary velun
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Pigure 1.

Outline tracings of sagitial poctions through the
gorebellue of dusk embryo ingpubated 12 daye, Silver
gelatin nethod. Projection apparatus X 3h. Sestion
1 iz tiwough the suricle. Sectioms 2, 3, Ly, and 5 are
frou gueceseive medial sagittal planes, The positions
of the comuigpsura cerebelld amd the latersl commlssure
are indicsted. The Lflber pathways contributing to the

formation of the oompdosures are also denoted.
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Ploure 2. Outline tracings of transverse sections of cercbellum of
duck embryn incubated 15 dayes Silver gelatin method,.
Projoction apparatus X 12, The origlan and course of the
fibers combtributing to the commissura sorebelll are indie
gited,
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Flguwre 3o Cutline tracing of & trangverse section of lower cere
vieal spinal cord of advld pigoeon #16, showlng degen~
erated spino-varebellar trocts following & lemion of
the ipsilaterel side of lower thoracie level of spinal
cord, Stained by the Marchi method. Projection appars-
tue X 18.
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Flgure Lis Outline tretings of segliial sections of tho cerebellum
of adult pigeon #1656, following a lesion of the ipslilaw
toral spincecerebollar taacts in the spinal comd. Stained
by the Marchi methud. Projection spparatus X 1M The
posiilons of the dorsal and ventval spino-cercbellsr
tracte as they enter the cersbellar peduncla are shown.
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Mloure §. Outline trscingy of sagittel sections of the bradn of
adult pigeon #10 following & lesion of the vestlibular
and trigeminel reglons. Stalned by the Ha:mhd. method.
Projection spparatus, ¥ 10, The course and distrilue
tlon of the trigeminow-gerebellar and vestibulo-cerebe-
ellar tracts are ladlcebed.






Plgure T« Codline tracinge of sagidtal section of the same brain,
The terminal dstributlon of the trigeninowcerebellar
tragte to folia V, VI, and VII is indlcated Ly the black
linee and dots. The terminetion vestiulo-cersbella:
trect Le also indicated in folis IX and X.
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Flgpure B. Photomicropraphs taken of & transverse section of the
brain of adult plgeen #7E, etained by the Niesl methods
The lecation of lew pewer photemlcrograph no. L (X 20)
is represented by sguare no. 1 on the line drewing. The
loeation of high power photomicrograph mo. 2 (X L50) is
indicated within sguare no. 1 by square no, 2. Chrona-
tolytiec changes of the cells of ths superior sensory
melous of ¥ 12 daye afber destruction of the dorsal supw
face of folia V, VI, and VII ave shown in the photomicro-

graph no 2






Figure 9. Outlire tracinge of soglttal sectlcns of cerebellum of
edult pigeon #10, follewing a leslon in the medulla
ehlongats, Stalned by the Mawrchi methods Frojection
apparatuz, X 10s The cowrse and distriintion of Lhe
doganerating vestlvilo-oorebelilar libers ig Indleated
by the blsdk lines and dota.
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Figure 10, Outline tracings of sagittal sections of brain of adpls
plgeon #7, following & lesien in the medulla oblongata.
Yarchl staine Projection apparetus, X 10, The terminal
alstribublon of the bectowserebellar tracts and the vese
tivilo=carebellar tracte; both of which were lnvelved
hy this lesion, are indicnted by the black lines and
dots.
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Flgare 1l. Photomicrographs of & tranaverse seption of the rain
of adult pdgeon #5X, stained by the Nissl method, The
apprascimate arca of photograph no. 1 (X 20) is 1@1@
bed by square no, 1 and the area of photograph no. 2
(X L50) by square no. 2 on the line drawing of the
seotlon, Degeneration af cells of the muperior vestie
ey muclous 1 days after destruction of the auriole
is shown in photograph no. 2.






Flpure 12. Motmioropraphs of & tranpverse pection of the twraln
of sdult pigeom /78, stalned Yy the Hissl methods The
appracimate srea of the low (X 20) ard high power (X L50)
magnifications 1s indicated by squars no. 1 and square
nos 2, respectively. Thotomicrograph nos. 2 shows degone-

erating cells I days after destrustion of dorsal swfaces
of folla Vv, IV and VII,






Figare 13, Outline trecinge of saglttal sections of the Wradn of
adult pigeon #8, following 2 lesion of the inferior
olivary couplex in the medulla oblongata. Stalned Wy
the Marchi wethod, Prejectiom apparatus,; X 10. The
course and terminal dietributdon of the olivoecereb-
allar {ibers are indicated Ly the blagk dots.
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Flgure 1, Outling traginge of sagittel sections of the same brain,
The gowree and distribudion of the slivo-cershellar tracts
sre Iindicated,
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Pigure 15. Photomieropraphs of & trensverse soction of the brain
of adult pigeon #3N, stained Ly the Nissl methode The
low (X 20) and Wigh power (X L50) magnifications reproe
sented approximately the ares by square nos 1 and nos %,
reppectively., Clromatolysis and degenerstion of cells
in the inferior olivary complex 10 daye alter destruce
tion of the dorsel surfece of folla V, VI, VII, and
YIiT are shown in photemicrograph no, 2. |






Figure 16, Photemlerographs of the brain of Lhe same adult plgeon
at the seme msgnifications as noted in figure 15, The
spureuinate sreas of photographs are indieated by
aquares 1 ond 2 oa the line drawing, Chronstolywis
ayl degensyetion of dhe cells of the pontine muclel
are shomn in photonlovograph nee 2e






Flgure 17. An illustration of the method employed in recording
evoked potentials from the dopthe of the cerebellum,
The responses were pleked up between members of a
palr of elecirodes. Two palrs of electrodes compriee
the electrode ssbles The responses were firet anpli~
fied (Ampe), then visualized or photogrephed as desired
on & mabehed dual cathode-ray escillogsmoope (Q Rebe)s
The photograph of the clectrode cable in eitu in aduli
pigeon eerebellum indicates its appesrancs in the
cleared brain.
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Flgare 10. Composite diagrems of totel pumber of ackive points
located in the cerebellun of pigeon as plotted on nmide
sagittal (4}, enterdlor {0) und postericr (B) views. The
stimalation of a perdpheral nerve or of a tactile recop-
tor or of varlous parts of the body, as well as aiditory
o visual receptors, are indicated as follows:

Heirve Physiological
Stimalation Stimnlation

Pail <> ’
Lo @) 2
Wing VAN A
Face (] i)
Auditory =
Visval X
Tectal & (]

The astive pointe sro projected to the surfuce of the
follum from which they were recoarded in the anterior
and postorior views,






Figpure 19, Composite diagrams indleating tobel mmber of active
points located in the cerebellum of the adult owl se
plotted on midsagittal (4), anterior () and posterior
(B) views., The type of stimulation end roglon of the
body is vepresentoed by the swse symbole employed in
flpure 18,






Pigure 20. Composite disgrams indieating tobal mumiber of active
pointes located in the cerebsllum of adult duck as plot-
ted on whdsagittal (4), anterler (C) and posterior (B)
views., The typee of stlmulation and reglons donoted by
the symbols ave described in figure 18,






PFioure 21, Photographs of groups of ocsclllograms rocorded lrom the
plgeon cerebellum following tactile stimulation of tail,
leg and wings The lovcation of the reaording electrods
snd %8 exposed Lips is i.ﬁnﬁ;na%ed in gach case on the

mldeagittal and anterdor views ab the right. The upper
two proups (4) of traces repréwent responses rocorded
froem @ single electrode placement in expordment 720
Tollowing stimmlation of the tail festhors and then of
the leg feathers. The teetlle tail response is present
only between electrode 1 and 2 while the tasiile lag
response iz $o be noted only botween slectrodes 3 and
Lo The lower two grows (B) also represent a eingle
elestrode placement in experiment #35. The tactile
log response in this case ls located Lebween elocurodes
1 and 2, while the tactile wing response is present only
betwoen clectrodes 3 and ke



=2
TAIL

3-4

-2
LEG

3-4

IO msec.

B.
-2

LEG

WING
3-4

10 msec.



MUNNR NI S—

L

Figwee 22, Photographs of oseillograme recorded from the cerebellum

of a plgeon following tactlle stimilstion of the wing,
face and tail., The position of the recomiing slectrodes
is indlestod in oach case in the ddagroms on the right.
The upper two groups of traces (i) demonstrate responses
rogorded from & single clectrode plagement in experiment
F13 following tactile activabtion of the feathers of the
wing and of the fage, The tactile wing response 1s Fro=
sont only Letweon eloctrodes 1 and 2 while the tactile
‘face respanse is appsrent only betwoen elsectrodes 3 and
Le The lower two groups of traces (B) show responses
recorded from an elestrode placement in experiment §16
showing tectile wing responsss only Letween olectrode

3 Mhmm‘lamlmpomén are noted only bew
tween electrodes 1 and 2.







Floure 23. Photogrephe of osclllograne recorded from $he dgeon

carebellum following tactile stimulation of the fuce

as well as stimdation of the auditory and visuval roe
ceptors, The position of the recording electrodes ls
indicated on the diagrass at the right. The upper two
groups of traces (1) represont responses rectrded from
& single eloctrode placement in experiment #26 followe
ing firetly tactile stimulation of the Dace and secondly
aucitory stimulations The tactile face response is re-
corded only between elestrodes 3 and 43 the auditory
responss only bebweon elegtredes 1 and 2, The lower
two groups of traces (B) represent s sershollar rew
sponse to stimulstion of the visuul receplors of the
eontralateral dark adepted eye which oceured only
betwsen electrodes 3 and § in experiment §31., The come
plex response of the teetum, which wes reearded during
visual stlsulationy 18 also indleated.
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