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Introduction.

The cerebellium is an which has received
the attention of the anatomist for many centuriles.
Hie feilod here, as in other flelds, t;ﬁgd;
concept of its truwo st because he ¢
his obgervations to adult forms ﬂziﬂhmhﬂ.@l{m‘
specilalized and extrersly intricate in tholr pat -
Ags & result, his lmow romained superficisl and
fragrentary and will can to remain so until "nature
we-—wboaches him to unravel her tissue in the same order
E;jj.mm harself composed 1t.” Emamuel Swedenborg

Euithen (1604) and Stroud {1095) mede the first
roal attempts to study the cerebellum {rom the stand-
{o:n of its embryological development. Elllot Smith

owm classification for lobes and f{issures, but Loth
based its entogeny and phylogeny. Belk (1906)

1518} and others who have adled to our lmowledge
have used facts from the field of couparative
neurolegy and @ Ve

The studles of Herrlck (1914-24), larepell (1020,
23, 31, '32) and othera on the amphiblians and
Iareell (1986, '52) and others on the reptiles has
furthor stimiated interest in attempts to unravel the
pugzle of the cerebellum.

The bat, ,has been cheaon as the
gubject of this st becavse: (1) It is a marmal,
g; it has e simple cercbellunm which may be studled

the adult with iwe ease, () tho brain 1s
smmll enmough to lend itself to serial section methods,
{4) such a study bas never, to our Imowledge, boon



Boview of the Literature.

Thw cerebellum vas lmown ¢ the ancients. Aristotie
called 1% "parencepinlis™ according to {48). The
oldor anatonist described the cerebellum in the lmman in
gome detail but thelr terminology falled to £it the mammnlian

ulmmmmuhgmlyﬂtha
specialized form. Stroud {44) states in his paper (1895),

®"Perhope the greatest caunse for this misconception
lies in the fact that at firat it waes not thought worth
while te study other than nunan brains. So tho human
condition was talken faor the standard; and when the brains
of lower animals came to be studied they were warped into
magnm:uuhtm esswwd stendard condition found in
ooy, i

"liow this is a sorious error, for the hmman
cerobellun represonts e highly specialised fam. It is,
in fact, a monstrosity and can in no sense
be talen for typiecal mammalisn organ.”

The anantany of the cerebellum at this pericd before
2 real study of simpler forme had been attenpted may be
swmariged fras Oray's Anstomy (11) (New American from
the th and Enlerged English Edition.~-107C) ppe 038=
G350 wo find tie weolglt, slse amnl slupe of the
corebellum given in dotedl, The surfuce anstomy is
discussed with the different areas ususlly named from a
doseriptive staxdipoint. The main parts were two lateral
hemisphores, an inferlor and & superior vermiform precess.
The inferior vermlfom process was divided from the
inferior region upward into nodulus, uvula, pyremid and
the commigsure brevis. The inferior surface of the
bemigphore was divided in the same direction inte floceculus,
(somotimes called pnoumogastric lobule, because of its
gituvation behind the pneumugastric nerve) tonsil, di-
gastric and slender lobes, The superior or wpper surfece
of the hemippheres which is separated from the above parts
by the great horisontal fissure consiste of two lobez on
each side, These are called the infericr or semilunar
lobe and the anterior o sqguare lote, The of
such a nomenclature, vhen attempting to apply it te
forms, ia evidemt.

One of the first and best works an the develop=-
mont of ti» cerebellium is that of Bert Brenette Stroud (44),
which appeared in the Jourmnl of Comparstive Hourcleogy in
1805, His reoview of the cwlier litarature an this subjeet
will be quoted direetly as nost of the references are not
available to me. [ie states pp. 86~
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"huring the first quarter of this contury an
interest began to beo manifest in the development of the
corebollunm,. The writings of onme Fremch and tlree CGermmn
investigators upon thie subject ere recorded. The first
worlk that I hawve found mont was in 1812, Ios, ot
Gor. Wensel (51). It is quoted by Burdach (8) (3,419)
who gtates that in a ¢hild three yoeurs old the ra§
the cerebellum $o tho cercbrum was l:8.

In 1814 F DBllinger (10) stated that at the
nlddle of fotal e the cerebellum is ?Omiﬂh:ﬁ'
the snallest, being to the corebrum: as 1:34, but it
dly increases until at one month after birth the ratie
is 1:17, and in the adult it is 1:0.

In 1815 Serres (40) stated that in the buman
emibryo the corcbellum does not until the geventh
weelk of development, snd in the fowl wmtil the sixth day
of incubation. He alw says tiat the urmn formed
in the followins mamer: two laminae spr from the crura
of the cereobellun (Kleinhimscheniweln) and come to rest
againot cach cther at the mesem. Iater theoy gradmily
grow togothor, After which new lamellae ero added, both
coplhn and caudad, and tmnmsverse {urrows appear and
MWQ

" In 1816 Tiedomann (47) soys, 'A%t the beginni
of tho second menth a st flukl suﬁnm occuples :
place of the cerebollum, later In tle month two small thin
plates arise from each side of the oblongata, along the
fourth ventricle, tum irnward and rest against each other,
but do not unite wntil later, In the third month

have inereased in sise and represent the corpora resti-
formic o-n}lod peduncles by ¥Willis and crura by other

ana @

‘ There follows s périod of sbout forty-ono years
auri.:ﬁhmtnh no attepibion sprears to have been given te
the ject. )

jie o

The next reference that I £ind is a work on the
dovelopment of the btraim Iy Erisheber published in 18053
?Jgn!:ntgadnuipunndnﬁnmlmmwcaum
9) in 1870C.

i874. His, (18) says, "Tho cerebellum, in most
orders of memmals, is div 4ded into a middle part (vermis)
and two lateral p{om separagted from it by a furrow. The
vormls is formed from the mesal roof of the bLrain tube,
1.0., out of such canstituonts as were present before the
dovelopment of the lateral masses (hemisphores).!
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1876« Hihalkovice (36) says, "The roof of the
epencephal (Hinterhirndecke) forms an expanded lamells
wiidich arches over the eplcoele. AL the right and left it
bends over into the eplecocelian floor, it 1s
separated from the mesocoellian roof Ly a cona tion and
beceming thimner caudad, merges into the motatela, From
the esudal aspect, because of the wedge-like cophalic

int of the motatela, tidls lamina looks ke o palr of
plates. !hhphta-!ha ecalled Kleinhirnlamolla,
{lamina eerebolll) because 1t is the proten ( ) of
the future cerebellum, The cerebellum is formed from this
lamella in the following renner: the copbalic portion of
this lamella thickens, while the eamdal edge at the
transition into the metatels besomrs sharpened.?

This thin margin bends ventrad and there resulte
[ it-lilke folding nm caudal of the
inhimnlamella.' The ce s this part of this
troneverse plain (or fold) 1s the proper proton (Anlage)
of the cerebellun, The cuudal is the "hinteres NHarksegel,?
volum medullare ticum, v. Tarini) or what the writer
Stroud) calles kiles. From his eun oleorvations the writer
Stroud) can not accopt this view as t0 the developmont of
the cerebellum,

1877. 4lix (1) published a paper on the fetal bLrain.

: 1878 m;:.lnn (2G) nﬁl. 'ma??:onm '!:nr dé::h-ptd
as & thiclening tho cephallc part roosf

opencophal (Hinteriidm), which scon assumes tie form of a
tranasverse plate. From the lateral sspect i1t looks as
though it bont around the epencephal (Hinterhirm)}.!

1884 Wilder (52) figwres the cerebellum of a
human erbrye in wvhioch the lateral parts are messive, the
mesal reglon is thin and presente a wide groove upon the
doreal suwrface., It is pmwls a Httle older than the
exbayos shoun in Fige, 54 and Pl.Ve.

1690 Hertwig (10) says, "Whe wall of the fourth

brain vesliecle undergoes a considereble thickening in all
of ite parts, and surrounds ite cavity in the form of a

differentia ted inte soveral regions. The floor

ea the pona. From the lat walls arise the
podunell cerebelll ad pontem., But it is the roof that

to an extraordinary extent and giwes to the cerebellum
ts charecteristic stenp. At firet & appears as a thin
transverse ridge which overhange the thin attenuated
roof of the medulla.t

1891. Cu L. Herrick (13) desecribves his investi-
:tim upenn the breins of rodents and certain reptiles,
obtains results which throw a new light upon the

PP =S
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cercbollum and mari an opoch in the study of its histo-
gonoeis. He bas discovered proliferating regions in the
opicoelion roof which apperontly are ident ical with the
writer's {Stroud) lateml tons. Professor Horrick males
a etrong plea feor the application of the comparative methed
to the study of mewrologic problers. To this the writer
(8troud) joins his most heartysupport.

3891 His (19) discusses the development in the
human brain of the region from tl» isthms te the ml;
during the peried from tle end of the firet to the :g“
of the third month. He includes the entire reglion
one segnment, the Rautenhirn, but doees not deoal especially
with the cerebellium,.

' 1892 His (20} gives a brief description of the
development of the cerebellum. He says, '"Thoe embryoniec
epancephal (Hinterhim) appears as a ¢ tube of
wvhich a portion of the metatela (Rautenfeld) forma a part.
Its caudal 1imit is at the pons {lemure, its cophalic, if
we firat subtract the constituents of the igthmus, it at
the fsthmup flexure, DBetween the pong flexure and the
isthous flamre lies the dorsally convex lmee of the
eponcophal. The motatela narrows rapldly caudad from the
knee, but a narrow extension of 1t, whose edges are nearly
?lnihl, extends cephalad. The floor of the motepicoele

fourth ventricle) 1s formed from the ventral zone
(w?htto) the corebellum frem the dorsal zone fFl le
platte). Its hemispheres are formed inm the higher brates
from the part of the dorsal sone lying caudad of the knees,
the vermis from the part lying cephalad of it.!

1803 Schiifer says, "he roof of the fourth ventricle
inferiorly becomes greatly thinned and expanded. “uperiorly
the tube more contracted and the roof
thicker. This th being the mudiment of tho
cerebellum and of the va of Vieussers. In the human
o 0, the corebellum is soon as ewrly ae the secend

as a thin plate arching over the cephalic part of
the metepicoeele (fourth vemtricle). From this plate, which
enlarges enly graduclly, is fomed the middle lobe; i-m
the lateral lobes grow out at the = ides.?

*"'he cerebollum consists of two lateral hemisphores
joined together by a median portion celled, from its
peculior appearmnce caused by the trensverse furrows or
ridges upon 1%, the worm or vorniform pProcestessvicscasin
mpmials 1% is the first part to be develeped and Lo be
marked of f into subdivisions.' (ldem., Vol, III' Part I,
De 69). I shall show that the vermis 1s mot the [irst

part to be developed and nmrited off into subdivisions.?

1894. Schapor (39) published en account of his
exhaustive Investipantions upon tiw development of the
cerebelliun in Teleosts. le confirmed Herrickts discoveries
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and made further cbservations of great walue. IHis work,
and alse thet of Praofesser lerrick, will remain as land-
marks in the history of the comparative develepment of the
coroboellum.

Hayving thug given a brief resume of the
of the mem who have mde a special study of the developmemt
of the cerebellum M!.r?.: poerdod of rearly a contury, I
proceed to a conoiderat of the facts which lead me to
differ from some of the views hitherto advanced.”

Before considering the {indinpge of Stroud,
raference shonld be mde the work of Kuithan (28)
(1604-06}. In as mach as the original articles are not
avallable at this time I will quote from e (21)

of his werk. He states, "Enithen s the

developnent of the Cerebellum of the sheep and
1t with certain stages in the lmman, The cere-
belliuwm h-:ﬁ.aewrd.hg te him, very ecarly, first an unpaired

stage in form of an arched memlpunc, them a paired
stage, existert eut of 2 thi in the forward part
of the "roof of the after brain”, in front of
the roof plate. These enlarge and fuse in the

midline, which procoodure begins in the anterior part of
the “Anlege”. Now tho transverse fissures aprear. The
first fisswre, to be obperved, is in the midline on the
dorso-frontal surface of the corebellum which continuing
to bocome doepor divides the cersebellum into two parts.
This furrow was nemed the gulcus prime. Immedistely
after appears tln f issure uvulo-nodulmr, which graduslly
divides the nodulus from the uwvula, mnd without fall at a
s milar time a furrow divides the uvula from the Pyramis,
vhich later authors have called the flssure seconda®, le
identifled tho suleus primus as the suleus superior
anterior of man.

In 1895 Stroud (44) published his work as is
referred to sbove. This work will be discussed in some
detail ne 1t is felt that the cbsorvations are accurate
and fundamersal, 7ot for some reeson have been neglected
by later writers. He studied the brains of many mammals
ineluding specimens from overy mammalian orler but two.
He, howover, never pubtiished any descriptiom of tlose
braine nor does he give any [ s of them in any of
his pepers that have been avalliable to me. He also
studted the devolopmont of tle ceretellum in the fetal
stages of the cat and human and, less completely, in the
rig. He used gross disection '{th carefully made drawe
ings, and mieroccopic sections cut in tihnee planes.

8troud flrst eshows t tlo cerebellum is dovelgped

from teral alay p'g:n uwse acroos tle midline form
a single structure. is a distinet camtribution ae
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previous workers, includinz Euithan, had held that the
"eorebeollum has wory carly, £irst an unpaired su? in the
form of an arched mombrans.” (Euithan see above). Stroud's
oboervation has come to be generally sccepted for we find
in Strecter's section on the development of the cerehollium
in the human, in "lsnuel of Humen Ewbryology, Eeibel and
HMall (25)" The chamcter of the cerebe at the end of
the first, second, mmd third months is shown in Figas.

54, 44, and 45 rospectively. This covers the pericd

frem the time won 1t oxiste as simple bilatoral alar
plates to the time when it fuses across Lip meodlan .
as o transverse mass consisting of a median vermlis and two
lateral lobes."

This early conception has boen s trengthened by
thoe more recent worlk of Herrick and larsell om the

phylogenic history of the cerebellum.

Stroud (¢4) finls tle darsal aspect of the
cerobellum of the 'fairly late eabryo' to be divided inte
the fellowing divis ions which he caweiders fundamental.

1) The vermis, unpaired,
izi The pilea, paired. fltnhptum)

5) The occcnlus, paired; in the lover mamuals
oach is divided inte supraflocenlus snd medle
flocculus, ' :

(4) The fleesculus, paired.
0f all these, the separation of the veormls from the
rest he found took pi-.oo lasts

He states timt the first dlstinet furrow to fomm
is the paraflocoular sulcue which soparates the para-
flocculus from the pileunm. Examingtion of hig 1
8, 9, 10, and 11 (cat) and 56, emd 57, (humen ) would lead
one to belleve tmt the flocailar fissure was the first
- formod and the moat prominent at the stages illustrated,
He showa the uvular nodular mleus as developing dorsal
to the floecular [issweo.

lie deseribes the paraflocculus in detail and notes
the great reduction in its size in the human, The suprae
flocenlus is sald te join the post pilleunm "substantial
nervous mbstance®. The mediflecenlus is also observed
to join the post-vermis by a ridge of nervous substance
which he names the vermian tract. These connoctlions are
cbscurred in the adult stagos particularly in the lmman
due to the suporficial develoment of adjacent parts.

e flocculus is recogniszed as a separate astructure
from the paraflooeulus. It iz deseribed ag commected to
the postericr vermis tut not te ti» nodulus directly. In
summarizing the htor rolatfoms of floeculus anl rara=-
fioeculus to the vermis, paprticularly in the luman he
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states, "They are comprossed and forced lateral by the
enormous growth of the postpileum (postericr part of the
hemisphere) which f nally oversiadows axd dwayrfs them.
Thelr mosel extentions are sulmorged by tle grarth of the
adjecont parts; they apparently exist only as tundles of
fibers running to the post-vermis, inbedded in the
foundation mass of alba.”

Elliet Smith (41,42,43) publishod & articles
en this subject all of which were not availablo to me.
They appeared from 1889 to 150G6. The article most
froquently quoted and the me which has go profoundly
influenced later werkers in this fl0ld was published in
the Anat. Anz, in 1908 (43). As it most clearly expresses
his finnl opinion on the subject & will be reviewed in
some detail,

He studied the adult Lrains of many mammals and
the develommental stages of Dasyurus, Trichosurus, Hacropus
eand Homo. Frox these varicd types ho cemcludes that tho
following fissures are constantly present in all mammalss

1
2) Pisoura Parafloccularis,

3) Pissure Postnodularis, (uvulo-nodular)
4) FPissura Prime and

5) Flssura Secunda.

lio observed in the pouch spocimen of the Das
veverrimus that at an early stage in its development
n.gin d‘r he ‘;.L lmu‘:‘t pp:;g:
nap, the cerebe and © Vo a »
flogculus vemtrally and the pgraflocculus dorsally.: In
divicion of tle oerebellum, recognis as he does
the faect of their separate farmatlon, he p them in
one lobe the "lobus flecoularis®. He tells us that, "The
medial portion of the organ scon becomes subdivided by
the rem three { fsgsures listed above, They begin
in the portion and extend laterally. Although
uﬁ.i.: recognizing that the postnodular fissure is the

ppear he neglocts 1t for tle other two and

uses them to detormine the bhoundaries of his divisions
of the cercbellum, These he names the lobus anticus,
(anterior to the fissura prima) the lobus medius, (betweon
the {lssura prims and secunda) and the lobus pugm
vhich includes the uwala and nodulus. His explanation
for this decision is beeause "they are so small and present
so many features in comuon that it s camvenient to
them togethor as one lobe”. He also desceribes in de
tho corebellum of the Notoryctes typhlope (Sterling), the
marsupilal ‘hin both in i1%s gross characteristics and the

:
H
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The median segittal section showe the cerebellum
divided by the three medial { isswes mtm ahove, into
four simple leaves of unegqual sisze, He states, "Nach
tapering lateral tLor th:‘:c-tuiu- lobe and the
vontral latorel part of t or surface of the
middle lobe is pro 13&&111 Into direect continuity
with the lobus +" On axomining the serial :
section he is convinced that the uvula takes no part in
this but that the gramular layer of the nodulus 1is
contipuous with the lower part of the lobus {loeculus,
and that the grenular layer of the middle lobe becomes
constricted to a tall process, which
independent of the lateral extertions of both uwvula and
nodulus finally teminates in the upper pole of the lobus
flocculus. Tho farmer veraian commect lon he mmn the
"ala nndn.u" the latter the "ecopule
fmmgml-rkrmurthlmm B
floceulus, is freely continuons with ttut. the do
vortion, prumhl:r parafloconlus,

In enelysing his figures (pp. 374 and 376)
Smith (43) fails te show whore the fissure between the
floeculus end paraflocculuns is, and which part of the
lobus floeculue iz floeculus and which part is para-
flocculus, He does not state whether tle sinllow
fissure in » 17 romuins as he proceeds lnterally nor
does ho name 1t, He does not tell us what happens to the
- $iny lobe in Fig. 10. The assumption is that this is the
flocculus which then enlargos htmllw to fom the larger

lobule seon in Fig, 11, m- it-mhr ayer is very
clearly "in free continuity”™ with that of the rest of the
lobe. Tiese structures are not labelled se tely nor
is the trensition from Pig, 10 to Fig. 1.1 clearly

for one to be sure that such & transition does
oceur, Is it possible tlat Smith%s lobus flocculus as
labeled is in reality the parafloconlues alome? lghut
this poesibility is his definlte etatement that &
stratun gramilosum of the lobus { locculus is continous
with that of the nodulus,

For purposes of vison I am including a cony
of the ef the Es ian Cerobellum as conceived
by Elliot talem from the refearence quoted above
of 1903 (43) .ll.mtmmtr-mmunr-
that Smith considers tie relation o the s
fissure and the parafloccular fisswres to be g
variable beth to each cther and to the other ﬂm
in the posterior lobe., His positiom in this regard can
best be given by the use of a fow shord gquotatioms,.

Yo suprapyranidal fissure was present in the
specimen of notoryctes deseribed, although there was a
slight indication of one on some of the others examined.
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lie tells us that im the Peramelos the suprapyramidal
fissure iz present and becomes confluent with the para-
floccular fissure. The pareflocenlus is separated from
the flocoulus by a definite fissura floccularis. This

arrangenent holds also for mest of the smller mamuals
exanined. Am occasional oocurs in which the
parafloceulus is partially or attached to the uvula.

Fige 19, vhich is "the caudal as of the almormal
mbalit-: of a pouch-spocimen of Trichosurus walpecula®,
is sighted as sm exmple of the condition, He ascribed a
pimllar finding of {sece below) in the lepus to
an also faund en arrangesent in thoe foctal
brain of calf.

nt‘rm- Mtt‘:::itia ﬂ::sﬂhgh
paraflocculus ag part
{fissure runtimuxprmu sarts of fortuitous
combinations of suwrfaoce arca.” In a foot note at this
P&ntbm;'htﬂnmﬂult“htmum

copula pyramidis? camnot be applied to all mammalien
cerebelll."”

At anmother place uwe find thoso words, "I have
already referred to the supra-pyramidal and parafloccular
fissuros resulting in the formmtion of a pecullar band,
which I have called the copula pyramidis. In my earlier
momoirs on this subjeet I have perhaps attached undue

to this really insignifiecant phenomonon,
common though 1% bo in the mammalia,”

In the la mamrals the parafloccular
fisoure cuts into alar parte of the middle lobe
é&;lt.h'nl wvithout becoming conflusent with any important

SUP0 «

The next contributor te the gubjoet which we are
discusging is 0. Charnock Bradley (4,5,6). His first
gpu- l)Wﬁtheﬂdhﬁmm-

was not until 1905, howover that hie work (56) om the
Dovelopment and ¢f the Mammalisn Ceorebellar
Fisswog was publishod the Journal of Amatomy and
Phyniology, london. Recognizing the work of Stroud as
tum-mmnmmuum-y
of&tmtﬁhnhr'mmmmrtmltm

of tho corobollun. He nevertheless criticises
all the provious worimres ineluding Stroud, Euithan, and
Flatau and J for their apparent desire "to find,
if posalble s to the lobes of the cerobellum
of man." a!u.l,. he folt, was a mistake and states, "In

quostions of this sort the brain of man should bo lost
sight of as far as possible, since 1t is admitted to be

organ vhich has far tdiaitngodt i lut
:;a brain of the -nwwﬂﬂ . lﬁiltiim m;gg’



he does not mention tie work of Elliot Smith although
it is dealt with at length in his later weoril,

It 15 of interest that Bradley first intended to
study the development of the cerebelium in the shrew,
prorptod by the description of the brain of the shrew and
the bat by liiss Arnback-Chriztie-Linde (2) in 1800. Due
to the difficulty in obtaining sufficlent embryos in this
:Ecu-mmm mabbit for his first report. He

o studled the development of the cercobollum of the
pig and in a later study (€) iIn 1904 and 1905
reoports the dovelopment in the sheep, ¢alf, horse and
the human, the last 5 being far from complete.

In addition he plves us detalled descriptions
with figures of the t corebellunm of many different
species. In order %o avold ﬁmnﬂm on hman
anatony and ites nomenclature, loy Jovised a system
of letters and mmbers to label the Jobes and {issureg
of the marmalian cerebellum (Pig. 2). Schematieally the
loboe deseribed Bradley (See Fig. 2) and their corres-

poiiding areas as are Imown today are indicated bolow.
Pipsures ) Iobes
Bradley's h«;lo;!g : ‘
¢ fissurn procontralis(Snith) X A
A2 Anterior [dbe
I fisoura preculminatis{Smith) - '
II Fissura Primm S — —
b Suleus posteliivalis (human) Cl1
. & BSulecus horizontalis nmegnils
{(bruman ) o2 G | iddle Lobe
III Pissura prepyramidalie S —
D1 Pyromis
d FPlissura gecunda D Poat.
D2 Uvula lLobe of
IV Fissuwra Uvulonodularis Ingvar
E Fodulus

{c) found that the fissures in the rabbit
and pig appear in the following arder: IV, II, III, I.
Contemporaneous with the appearance of fissure II 2 pair
of sions grow in from either side to mark off the
ccculus from the rest of tho homisphere. These
two fissures finally join with fissure III and thereby
salke the parafloecculus the lateral outlying territory
of lobe D. le believes tlat {lssure IV separates lobe B



{nodulus), the postericr medullary wvelum and the floecculus
from the rest of te coerebellum and that the flocculus is
the lateral outlying territory of Lobe E (nodulus). It
will be noted that he doseribes no fissure 4 in the
rabblt and ctates that 1t doos not occur until the squirrel
is rooched. This is in direct contradiction to Elliot
Smith's statement that this is one of thwe 5 fissures common
to all merenla, In the highor mammals he finds this
fissure more constantly prosent and very carly dividing
lobe D into two parts (pyramis) D1 and D2, (uvala). Vhen
this {issure not only divides Iobe D but extonds
terally into the paraflocculus and divides it into a
doreal and a ventral im, which is joined to D1
(pyramis) and D2 (x ) respectively. These primitive
mﬂtlm "y lost in the adult condition or may

1. The use of the Fissure Secunda as the division
between two main lobes; (Bradley classing this as the
intralobuler fisgure, 4.)

2. The grouping of flocculus and paraflocculus
together into lobue floecculsris, md uvula end nodulus
topother inte lobus posticus withmt sifficient regard
for the constant wesemce of the fissures which early
gseparate them;

S5« In the statoments comcorning the relations
of the parafloccular flssure to the verman structures,
ubningurm le in different enimals and of the froguent
continuity of the paraflocculns with the parapyramidal
area both pars biventralis and pars tonsillaris,

One of the chief pointe of 2 ifforence secmed to
cenber about the relation of tho posterior vermian
structures to the paraflocculus. Follow my owvm
observations on the rat, reparted in part below, 1t was
apparent that Bradley's labelling of the sep e lobes
of the rats cerebellum was different than mine after
having watehed thdir dovolopment.: On comparing the early
stagos of the rat with those of the rabbit ss given by

I found them very similar but the fissure which
I feel iz Flssurra Secunda, Bradley calls Fiseure III
and the ono he calls Fissure 'a' I would lsbel fissure
gﬁpymmtm. If one would compare figures 7 or 10, pp.

to that of the sheep In a Inter article one is struck
by their eimilarity, yet vhat appoars to be the gsame
fisgure is labeled fﬂ.uura (wugrrnmnl) I1I, in the
rabbit and Y4' (Fispure secundn) in the sheop. Ellilot
Smith elseo interpreted this fissure III in the rabblt to

correspond to his fissura seconda for he criticizes
Bradley, largoly on the basis of his statement concerning



the relations of paraflocoulus and uvuls, bel tint
the pyramis lay above this fissure. If he had wal for
the conclusion of Bradley's paper, he would have loarned
that Bradley reslly comsidered this fissure to be the
fissure supra=pyramidal. This would have given Suith evem
more to eriticise, especially, in that fails %o
1dentify any fisstre secunds bolow the squirrel., This
statenment doos not secm ronsom ble when one cons lders

the careful work of Ellict Smith on the marsuplals. It
might be argued tiat S8mith should have named his {igsure
socunda, "the fissure preapyramidal”. However, in Bradley's
firal opiniom he would id the f issure III as that

a very similar marsupial it is continous with the pro-
apyranidal fiseure. It is of interest at this point o
note that he found "not mmuch®™ dAifficulty in trac the

centimity of his rabbit {isswre III with the occulay
suleus and in describing the rabbit brain at birth he
stateon, "Pissure III fades away in the or deprecsion

bohind the peraflocelne, as does also fissure ‘A"

obseprvat ions on the dmi ] ] sures the rat
would lead me teo velleve his "fissure a' of the rabbit

ia as close to continuity with the parefloccular suleus

as 1s the fissure which he has labelled III. Observetioms
on the rat as yet unrepwted show his fissure III %o
apparently separate the paraflocculus inte dorsal and
ventral portions, a function he repeatedly assigns %o the
figssure 4 in the pig end other forms. A further compariason
of Bradley's fig will convinco ene that ho hes confused
these fissuree all forme, below the squirrel which be
figures, the only excoption being those of the hare. iy
one, however, would change the labels on the rabblt to
thoge I a:gg,ot me is struck by the close resemblance

to tho Hare's cerebellum; & resomblance which one would
expect to Le present considering the gimilarity of the

two spocics.

s (22) ti.?un of the cerebellim of Wus
miseulus { « 45 p. 500) is labeled as I lave sugges

that Bradley's should have been and is identical to ny
conception of the fissures in this type of corebellun,

In conclusion an observation of even grester
significance than the conclusions cemcerniig the status
of the relatioms of persilocculus to vermis is the
8 jcant fact thet with ell their disagree and
aiffienlty of interpreti Smith and Bradley both a?w
on this fact, that the uvalo nodular fissure 1s the irst
to form and timt, at & very early stage, 1t becomes
confluent with the floeccular suleus. Bradley furthor
tells us that the reletions of £locculus and modulus
are the most comstant and the least variable of any parts
of the cerebellunm.
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. Bradley emphesized again and again the distortion
of the fundamental relationships of lateral areas %o
vernian structures and the loss of their connection one
with the otheor by the growth of the superimposed parts
of the cerebellum.

The next coutribution of importance added to our
Imowledge of the gerebellum was that of Iouls Belk, (7)
whose momogreph, "Das Zerebellum der SHugotiere”, appeared
in 1906. In this work he does not discuss the develop~-
ment of the cerebellum oxcept in the human, He follows
the idens of Elliet Smith as clesely as any previous
worker, referring to all others with the excepiion of
Stroud vhom he seemingly neglects.

He devised a schome of lobes and fissures which
wags undoubtedly original and for his purpose very convenient.
It wes based in large part upon his detailed observation
of the brain of the adult Iemwr albifrems (Fig. 3)(Fig. 4).

‘He then studied the cercbella of many different
animals and attesmpted te correlats the peculiar mugeular
dovolopmont of & perticular animel with the development
of the peparate lobes of its corebellum, From this
study he then inferred the localisatiom of function in
the cerebellar cortex. He was very successful In this
work for his findings have been, in meet instances,
vorified by physlclogists.

His research opvened a new fleld for investigations
and have been of great velue in the study of cerebellayr
funetion. He did however disa vith other workers
on his snatomical analysis of cerchellum and this,

I believe, because he studied the folial pattern of
highly complex adult cerobella without due regard for
dovelormental relatiomships of the various areas of the
corebollum,

Ee conceives tle cerebellum to be & chain of
lobes. His first main divieiom is into anterior and
posterior lobes by mesns of tie fiseurs prima., The
rogion anterior to this is divided inteo four lonles;
labeled fyom snterior to posterior 1,2,5, end 4. Ie
does not consider that there is any 51v1a!.m into lateral
and middle regimns in the anterior lobe. The area
irmodiately posterior to the fissura prima he calla the
lotnlus complientus., This is divided into lobtulus
lateralis posterior and lobulus medianus postorior. The
lobulus C2 (made up of declive, folium cecuminis and
tuber valvulae), the lebulus cl {pyramig)}, the lobulus b
{uvula) and the lobulus a {n@r}ulns comprise the lobulus
modianue posterior. The lobulus lateralis nosterior is
divided inte three mrts; the most lateral he calls the
lobulus ansiformis, comslsting of the Crus primm
superiorly, end the Crus secundun, inferiorly; medial to
the lobulus emeiformis 18 located the second pert, the



lobulus paremedianus, vhile directly continuous with the
latter and exten laterally from it is the formmtio
vermicularis. The tter i divided inte erus cirouns-
cludens, pars floccularis, wmcus torminalle, and the
lobulus petresus. In some of his diagrpams he labels =
portion of the formatie vermicularis the pars toaneillaric,
This 1e very different from Bradley, Smith, and Ingver
who consider the tonsil to correspond to Bolk'e lotulus
parancdisnus. and others have slso critigized

his grouping of floeculus, parafloomlus, and lateral
extentions of the middle iw- all into one part, the
formut ic vermicularis. -

His work is undoubtedly a real contributien to
our imowledge of the cerebellum but his folial) pattern
does not seem to be in sccord with other workers nor
with my own observations in the bat.

Ingvar (21), in his outstanding work on the
cerebollum, traces this orgen tlrough the amphibians and
fishes; records observations en the reptiles and birds
inel an met imvortant study of the development of
the cerebellum in the chick. He studied the ology
of tho memmallsm cerobellum bt ecalled upon previous

workers in large part for his material as to the

developmental moywhology of the mammsls, His major
contribution here 1= in the stuiy which he made of the
endings of the vestibular end the spinoccerebellar fivers
in the cortex of the cerebellum, These he also observed
in the birds. In addition he lms dono many important
experiments in the study of cerobellar localization and
fmgtl:n which have no specifiec bearing upon this

] 8CTe

e divides the cerebellum inte three lobes, (See
Pig. 6) Anteriar, Middle md Posterior, and in the mammals
the most recent acguisition the lobus ansoparemedianus,
The fiscure prima divides the anterior from the middle

' while the preapyramidal fissure separates the middle

from the posterior lobe. The latter region then includes
the pyramls, uvula and nodulus, in the midline, and the
flocculue and paraflocculus laterally.

lic came to chooee this classification after having
observed a division into these tivee lobes during his
investigations on the cerebellum of the develsping
chick, be was impressed by the fact thet the anterior
and posterice regions behaved similarly inm their develon=
ment, They formed their transverse fissures at tho same
time while tl» middle region did not become different iated
until some time later. comparatlve studies In the
bipda he cbservod timt there was a striking conservatism
to the morphology of tle amterior end posterior lobes
while the size and shape end follal pettern vas axtremely
variable in the dfferent specics.
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Afver examining mamwalisn cerebellas he coneluded
thet these tlwee main divisions vhich he had found 1o
the birds also ceccurred in mamenmls,

Reelizing that he had used branches of the phylum
which have diverged very early in evolution, he sought in
their common ancostors, the reptiles, for the foumdation
of his fundamental civieslon of the corebellur, On
examining the ecerebellum of the alligator he found twe
transverse fissures which e believes divide the cerebellum
into three lobes which are homologous with his three lobes
of pirde and mamrnle . He further guotes larsell to the
effect that an indication of such a division may be feund
in even lower reptiles.

Ingvartes important investigation into the dis~
tribution of afferent cerebellar tracte is nlso of
intereat in this discuscion. He found that in the cat
the dorsal and ventral mp ino-cerebellar tracis send
fibers to the anterior and posterior lobes, whereas the
middle lobe is free of these fibvers except for a fow

& in the lotulus simplex. This AMetribution holds
less of the part of the cord from which they come,
These tracts were found to end in corresponding arcas .
lnth-;‘g:on. It 1e of interest to note that the
othar of the cerebellum which are entirely froe
of lgt-lnl:l fibers bosides the middle lcbe, are the nodulus
and floeculi., Hore the finds the terainstion of the
direct vestibular root fibers, end although elso dis-
tributed to the uwila end linguls, in the latter areas
they are mixed with epinmal fibers.

Following these t dveervat lons Ingvar
presents & novel and ting concept of the relations
B S he ST 5 & Tae Tt o Py

compares i 1 um a story .
The basemeit or firet floor he calla the "vestibular
floort. He includes in this floor thoese basal portions
vheore the direect vestibulay root fibers end. The second
floor he calle the "spinal fleor? which is situanted centraily
and above the vestl floor. This area includes those
parts of tlho corebellum which receive the terminetion of
the spimo-corebellar {ibers. The top floor which includesg
the middle lobe and the hemispheres 1s called the tcerebral
floor! becoause 1t is these aress which receive the pontoe
corebellar fibors.

Speaking of this concept of the cerebellar
morphology be says, {£2) "This conception doss not protend
to be more then a erude schematic ene, There undoubtedly
exists an overlap in the cerebeller cartex of the
different afforent fiber aystems. In spite of its crude
schemat i¢ character 1% expresses succinietly, to my
mind, not only the evolution of tle cerebellar functions
but also the functionnl localiszation of the organ.”
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Iulig)thuhnnthm the problem of the
development of the ¢ heumwm areful examinations
of the opigina of the cerebollum in the nmhibnmrhhu
and a to and eareful analysis o the reptilian
mlluinmll@:tafﬂumm of the lower
forse. In 1924 C. Judson Herrick (15) re this work
in an article entitled "Origin and Evolut hnrtth-
Geﬂbellﬂ'. Bo ealled the work of Jolmson {2&),

(60) Herrick (14) 1914, and
umm[ ]'C ). J.lﬂﬂnn& ahs.of for his
discussion of the ceréebellum 1& bia and fishes.
ﬂutamu,ummth:Mﬂﬂmmﬂbm '

thet "two centers of differentiation appear
ummmupm gite sides of the wide lateral
receas, mnd the functl footors invelved in the
-hhntimﬂ‘tm-t“mlmmuolmhmd'

1, The 1lip in the lower bLorder thicons from
behind forward emd is nothing other than a differentiation
of the rostral end of the octaveolateral area, for root
fibers in the vestibular and lateral line nerves run
throughout 1ts length,. Uith the losz in the laterml
1ine norves in the land forms mxs eren becomes dominated
by the vestibular (ibers.

2, The thiclkoning of the houboidal 1ip in its
upper border of the lateral receas tales place under the
influence of s different group of fumctional connections.
Optic, aecustic, and somesthetlc {ibers from the
ad jacent roof ef the midbrain and spinocerebellar fibers
of propricceptive all terminate or send collaterals
in to this area, latter becomes the dominant type.

In the elagmobranchs wo have an elaboration of
the two aroas.

1. The vestibulo-lateral ares consiste of the
paired auricle and lower llp, This area recelves
vestibular end laterel line nerves at the lower or
ventral lobes of the auricles and tle rems inder seeums to
be concerned chiefly with wvestibulo-lateral line adjustments.

2., The dorseal lNedian body, vhiech is an enlargement
and doreal evaglination of the dorsal wall, between the
tenia of the Pourth ventricle and the decussation of the
fourth nerve. Its origin emn readily be traced for it
rocoives the large spinocecerebellar tracts end also fibers
from the inforior olives, midbrain and hyothalamus. It
is thought that it is developed in response to the emlarge-
mont and segregntion of the non-vestibular functional
gysteme, Tiat this ares in the dogfish is physiologically
i.udnp-andmk of the vestibulayr apmpratus has been confirmed
by the experiments of Tilmey in 1025,



The higher fishes show an even grester enlargenent

of the laterel line and vestibular aress inc the
dovelommont of cerebellar crests, laterally, and
u:l.w].nf e mdlian eerebellar structure, ted and
thrust forward into the cavity of the midbrain, As

mmammmummnmumzm

1:3;’ tho m‘n t:u‘:l’ c?’:;"'k:.&f’“ {24)
re g Ino g Cajal, De » Kappers (24),

Van Enluﬁ. Ingven (21) Buber and Crosby, a previous
work 'ﬂ himgelf (52), Clwistensen, Nasusman (12) and

« The otudy concorned iteelf with the development,
flasures, homologies, cerebellsr nuelel, collular layers,
eceliular clements, and fiber traets bot afferent, offerent
and commisural, of this orgen as 1 found in the reptiles.

In the u-u-; to this latest wo Largell (35)
points out the ma jor findings of Herrilek ( »15) and
himgelf (29,30} en the lower forms, includ not enly
the investigetions élscussed Herrlck in 1924, buk

addit vork of Lersell in 1925, "31, and %32 (31
33,34). He amhasizes the én-int:{o- é the u:-ebeliu
fron bilaterclly paired sets of primitive coordinating

centors, namoly, the suricular lobes and the corpora
mlh.' He ealls our attention to first a fusion

of these two arcas on the sare side with each other and
then a fusien of the two coarpora corebelli, This fucion
tales place lg-th; migration o f colls medielly a the
comnlssure Le tho two corpora corebelli, In
smphiblons he else finds a commdssure vetween the auricular
lobes of the twe sides, but contrary to vious teaching
that thoe vestibular or vestibular later aroas wore the
most primitive, lersell showed in the larwel anblys tomn
that the coomissure between the cor pora corebelli and the
trigeminal aress was the first to appear.

Although thore i1s & comissure between the
auricular lobes aeross the midline in the smphibia, en
actunl fusion of tho auricular lobes acrose the midline
is not found until the reptiles. Here he finds the
ovidence of a similer migration of cells %o that described

the commissure of the corpora corebelll in the

bia, excopt that these cells te in the floeeunlar
lobes and go in a cando-medial direet along the
vesticulolateral comissure. "The paired masses fuse in
the midplane emdoventral to the body of the cerebellus
f_‘u“'m by the corpora cerebelli, which mve previously

He then deseribes a furrow between the cerrus
eorcbelll and the floeccwlar lobe (auricle) and ite extention
caudomedin lly which was just deseribed. This furrow he
considers to be homelogous with the parafloccular fissure,



laterally, and the uwvulonodular fissure, wedially, of
birdes and mummale, This s is cloarly shown in his
figurea of turtle and or eubryoa. It would ap:
from a detalled ﬂ:ﬂ of develomment the primitive
mamsalien foresm, o ag our presont study endeavors to
be, that this suleus laterally is rather the homolog of
the Tfloccular sulcus. larsell states further, "This
paraflocculer (floccular) uvulenodular fissupre is the first
marking to appear on the cerebellar surface. -~-"It mayics
off the two funetionally distinet primitive regloms of

the reptilian cerebellum, namely, the vestimular fleoccular
lobe, and the corpus cerebelli trith spinal, bular, and
uesencephalic conmootions.” .

He corsiders that the fissures which Ingwar (21)
and others have used to subdivide the cerebellium into
antorior, middile and posterior lobes are eimply folds
produced in the corpue corobelli to accomodate its
further which is such a consplouous part of
the later development of tho cerebellum. The use of
these fissuwres as the fundamental divieienes of the
serebollum places the nodulus and flocoulus in the same
primary area as mrts derived from the corpus corebelli,

Iareell at this point injeocts this new thought inte
the literature on this subjeet. "On developmental grounds,
both phylogemetically and ontgenetiecally, such & combining
of primry and m:{ structures into one lobe does
not appear werrented, although it fits well into the
pattern of the adult cerebelium rrq the higher reptiles
and upward in the vertebrato secale.

Furthor references which should be mentioned
- are the following:

Zwe Anatomie des Gehirmes niederer Saucetiers,
by Augusta Arnbeck-Christio-Line, (2) Anat. Ang. 1818,
1900, This is a deseription of the brain of the bat and
the shrew, including soms m terisl an the cerebellum,

The Genesis of Corebollay Functions.
Tilney (48), Arch, of Nourclogy and Peychiatry, 2:137,
1925. A comparetive morpho 1 study and review which
is eriticised by lierrieck in | .

Cerebellayr localisatiom in the Light of Recent
Resoarch. By Davideon Black, (3} Jourmel of lab, and
Clin. Med. 1:417. Summariszes the work of Bolk, Van
Rijnberk end Barany's as it bears on the subject he
dilscusses. _

Die verglelchende Anntomie des Nervensystems der
Virbeltiere wn des llemschen by C. U. Ariens Kappers (24).
Haarlem 1981. A work that is standard for workers in the
field of cemparative neurology. :
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The various contrimtiome not alre nantioned
which appear in the volum emtitled The Cer lum,
Baltimore 1920, The most important for our purpose
being: Riley, Heomry Alsep (37)« "The Arbor Vitse and
tmlgulinl Pattern o the Mammallan Cerebellum. pp. 37
to 2.

Hausman, Louis (12) "The Comparative Morphology
of the Cerebellar Vermis, the Ceorebellar Nuelei, and the
Vestibular lMass: Experimental Investigntions.

After reviewing the mase of material already
avallable on the subject it would gpeom at firet glance
that further work would be unnocessary, b mnu-s.:g
the findings of lLarsell (26, 52) as above in the reptiles
it seemed of walue to follow closely tles various stages
in the develerment of the cerebellar fiessures in an
animal whose size and simplicity o« cerebellar organ-
isation would lond itself to such a study.

Haterial and Hethods.
I. Disection preparat ions of Cormorhinus.

l. l= 12 mmn. Crown rump length.
& . 1“" '3 o 1Y ” ”
:‘t 1"‘ l.‘ i = 1
4 o 16 My
51 1"" I“Lm‘
GI 3-" le m-
'?c 1"' IQ ElMs
39 1" 2.' Ime
gq 1- 2-2' m.
10, 1= 2ilamm,
1l. 1= JYoung Bat.
12. 1- Adult Bat.
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2 T s a2 aas
23 T S a2

II. Sagittal Serial Sections of Corynarhinus.

1. 1= 13 mm, ﬂrgm rump hlqﬂl

2. 1= 15 mm. Difforent embryo

5. l= |6 omm o . - Bt:'; m as Fo. 4
4. 1~ |8 mm, " m " Different embryo

v le ) ubrye
Has le 22 mm, - O - g?}?egggt G;mbryo

ﬁ;m Bﬁt Q:



III. ledels.

1, 1~ 185 mm, Crowm rump longth. Same enbryo as Series
No« 2. Nodel of the lateral § of left Wmlf
of corebel us,

2. 1= 16 mn, Crown rump length. Same enbrye as Seriles
o, 3 snd Diss. prop. 4. Nodel of entire

3¢ l« I8 ma, Crowvn rump length. OSame as Series
Ho, 4. MNodel of the toral 1/3 of the left half
of the cerebellum,

The disections were made under a binoeular
microscope of low magnifieation. The drawings were made
to moasurements observed under the binocula r mieroscope
‘and are as noar 10x as was possible. The drawings were
them labeled and photogratlied. _

Outline drawings were mmde of all the series
et regular interwvels. The sections dravn aré somowhat
elosor togethor near the lsteral portions where the
changee are more rapid, These drawings were made with
an accurately adjusted mrojectoscope and are all drawn
50x, This same magnification was used in the tracings
for the models,

The modols were prepared by the us . blotter
paper tracinge cut vut and pasted to@tbu:r - 1ibrary
paste. Every section was usged in the tnn!ng: for the
models. As transverse sections were not mado it was
imposeible to check the acouracy except by constant
comparison with the corresponding grose gpocliwn wndér
tho microscope. The trensverse dimeter was measurod
froquently as the model wae ‘beilrg built so that the
finighed model was 50z in all dlameters. Series No, 4
from which lModel Yo, 5 was rmde was accidentally cut a
few degrees off of the trmue sagittal plane.

The photographe given in Pigs. & to 78 are
reduced in varying degrees of the ariginal drawings and
models. The enlargement as corrected is given for each

figures

One specimen examined which measured 2! m=, was
g0 dif'ferent in tihe relative size and shape of the
corobellum ne compared to the other bate cbeerved 1t was
thought that the specimen was from some other spocies.
The drawing of this cerebel lum is not included in the
present paper. As these animels were wild the apge of
the fetuses was not lmown and the only measurement talen



was the crown mup longth. As will be s this does
not correspend to the degree of different istion of the
cerobellum in overy case. The specimsns are desecribed
however in the order of their dogree of development,
regardless of thelir length mensureronts.

Deseription.

The smallest 1 Inve examined is
measuring 12 mn, C.R.D. (Fige 6 & 7). The cere
at this stagoe, is an arch with the lateral porti
obviously increased in thiclmess as compared W
medial part. The cerebellum has fuped in the ml
tut that part belew the uvulonodular fissure is s 1
quite narrow. There is no douwbt that the uvulomedular
fissure ie tle first to develop and at this stage is
continuous, around the "U-shaped bend" of Stroud, (44)
gith the flocenlar sulcus Whidh eurrounds the developing
flocculus, (Fige 7). The floecculus at this stage has
many of the elnracteristics of the auricle of lower
forms. There is no indication of a fissura primm or
goounda. It would eppear that the single fissure

, the uvnlonodular, was formed first laterally;
for at this stage it is more mrimd srownd the flocculus
althourh continuous scross theo midline .

The sories which most clesely amproximates the
above atage is Series 1. C.R.lL. 13 mm. (Figs. to 35).
Fig. 28 shows a midline sectlon thre tie coxebolium,
IV ventricle end its floor, choreld p s md mosen-
corhalons In this series the uwalenodular {lgsure is
the moot prominent snd ean be traced to the flocoular
fissure although the continuity is followed with a 1little
difficulty between the sections seen in Figs, 20 and 30,
T™here can be seen a very early beginning the fiseure
prima in F 20 and 20, and s quest ionable fissure
secunda in Figs. 29 and 50. FPig. 52 shows a slight
deproseion on the superior border which may Indicate a
beginning parafloccu sulcus; tat this is far from
definite at thie stage. Flg. 31 ehows the relatiom of
the roots of the Vih amd th cranial nerves to the
corgbellum and the medulln, Figs, &4 and 356 show the
flocoulus to be the most lateral parts of the ocerebellum,
In Fig. 34 we goe the lateral extremity of the corpus
cerebelli, possibly the anlage of the paraflocculuse
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Plgs. © and 0 dwow the postorilor lor and left
lateral views, respectiwly, of the derebellunm of o bat
18 m. CJ.L. The uvulonodular {issure is present
and caslily traced to the floccular sulcus with whieh it
becomes cont e Tho nodulus is more prominent in the
midline than in the 12 mn. stage. (Fige. 6 & 7). Another
fissure has been sdded which 1is visl under the disecting
nigroscopes IS 1a the [issure seounds of Elllot Smith
(41,42 ﬁ}. The area Jjust lateral and bLelow its lateral
axtnu:iw !.- veginning to increaso in size., It i
roijuee a concavity in the {loecular sulcus
tli'ig. 3 By pulling the mid-brain forward it is
po-uihla to see the fissura prims extending 1.3 of the
distanco to the lateral a:h-uns,ty o the cerecbellum on
elither side.
ond (5 v e
The 1% mm,, have been sbtudied by d:n::nac
Figo. 10 and lngzhlnu'lﬂ Fige. 36 to 44, and
a model of the lateral & of the left half of the cero-
bellum, Fig, 75. The uvulo-rodular {issure is the only
filggure oxtending the entire width of the cerebellum.

S The contimulty botween flocculus an! nodulus is clearly
shown. Pigs. 10 and 11, The paraflocculus has appeared
as an out growth in the lateral part of the corpus cere-
belll sugorior to the flocculus (par. Pig. 10). The

parafiocular suleus proceeds medinlly superiar to the
nnaun secunda wit hout beconing con tinuous with
fissure as yot. The fisswa anl gecunda areo
well muried medially but dissppear laterally without
émmgamhmal smuleuss The model Fige 75 beoars out
wse rolationships in slmost every debtail. Root V is
geen in Fig. 38 and Feot VII or VIII In Plg. 580. There
:L- a be, fissure wWhich I have called {issura pro-
{ th) (43) which no doubt corresponds to
Bnﬂ]ny'u 6 a) Fig. I. There is po Indication of a
figsure at this stage. In following the
soctions thereo are a feow secticms, betweoen those seen
in Pigs. 57 and 38, wlere the uvlo-nodular fissura
becones almost on!;{rcly cbliteratod. This may aleo be
soen on the model. The cortlimuity however, is un-
nistakable under the disecting micrescope.

. The 16 mn. stage Ims beon studied by means of
posterior and left lateral drawings under the disecting
microscope, Pigs. 12 and 135, by a« saggital series, Figs.
45 to 53, md by a model of the entire corcbellum Figs.
74, 75 and 76. Here we find the size of the paraflocculus
increased over the previous stage. 4All the fissures are
deeopaned with the possiblé cxoeption of the uvulo-nodular.
There ls ne prepyramidsl fissure presenti The soctions
and the model of the right side of this cerebellum shows
cleoarly the continuity of tle f{loccular and uvulo-nodular
flgsure Fig. 74, but on the left side the growth of the
modisl portion of the paraflocculus hae already Legun to



obscure this reolationship and flatten out this sulcus
which had appeared so early, Figs. 74 and 49, and whose
contimaity et this position is most definite In the
sarlier stages. (See Figs., 30 to 54). The parafloccular
suleus is well defined and runs medially to a point well
above the fissura pocunda. This can be speen in Figs. 12,
15, 47, 75, 74, and 75. Fig. 74 the right side of the
model there 1s some indication of a fuslion of this fissure
with the fissura sescunda., This is not bom out hovever
’g% a close serutiny of the sections from which this part
the model was made.

The 16.mm, stage, Pigs, 14 md 15, ono sees a
deepening of all fissures described sbove plus a falnt
beginning of a fissura prepyramidalis {fis. ppd.) in
Fig. 15. There is no indication as yet of a junetion of
the parafloeular suleus and the prepyramidal { iscure.
Figs. 14 and 15. It 1o well to note here that the sulel
floccularis and paraflocculmris bogin laterally while
all the fissurae with the possible oxeeption of the uwvulo=
anodular begin in the medial region and extend laterally
end that any junction of tlose fissures talte place after
thoy are formed. One oxception I believe cecurs, ramely,
the uvalo-nodular which 18 present in 16a entirety in ¢
earliest stages of the bat available but 1is more pro-
nounced laterally.

The {8 mm, :tn’aa has been s tudied by posterior
and lasteral drawinge under the dlsecting n&nrwa«;_
Figs. 16 and 17, by serial soctlons cut sagitally, Figs.
54 to 00, and a smll model of the lateral 1/3 of
of this stage, was cut slightly obliquely and is not a
true sagittal. Thore is a well marked prepyramidal
fissure present in all the spocimens examined. The
specimen from which the sectlions were Arawnm and the model
was made is, I believe, somwhzt Jurther developed than
the specimen shown in Figs, 16 mnd 17 regardless of their
equal longth. Fig. 16 and 17, show the parafloccular
fissure on the left slde to .%m remnin separate from
the propyramidel filssure, Tiere 1s a faint indication
on the right however, tint they are to join, In the
serics there can bo no doubt aes to thelr unity. Figs.

54 to 50. In studying the sections between those
illustrated in Flge. 50 and 57 the depression becones
quaite shallow but the continmuity is present. The lateral
extent ion of tis uvulonodular eure ie plain, as followed
in the series, wntil beyond the seetion sh wn in Plg. 57,
Botwoen FPig. 57 and Pig, 58 the flsmure secunda definitely
disappears, and the uvalo-nodular flssure becomos so
ghallow that it is impossible to locate it in some of the
scetiongs. Tiere is somo indication that it is contimous
with a broad depression marked (g) im Pigs. 68 and 50.

The sulens labelled (h) would mest nearly correspond o
the {loceular fisswe and the tiny lbbe formed on the



model, Fig. 77 would most nearly correspond to the
floecculus. This is formed by appendages of several
soetions of widch tle one in » 50 18 a fair example
(floe). This sulews (h) is definitely mot continous with
the uvulo-nodular fissure as scen in Figs. 64 to §57. In
all the stages of the bat from this ono on the locculus
is 80 tiny that 1t con hardly be identified at all.
Thero does exist a rounded eminonce on the under surface
of the paraflocculus which is probably all that is present.
The parafloeculus is very prominent and completely over-
shadows the flocculus from here on.

The 19 m. C.R.L. ovbryo wms studied only under
the dlseeting microscope and is represented by Fige. 18
and 19. Hero we find the nodulus completely hidden by
t.hu_ouihnglng uvula. Tio floeculus is soon as a
projection under the caudo-ventral surfagce of the para-
floceulns. Tie lateral oxtremity of the uvula is aprarently
pot completely cut of f from contimity with the para-
flocculus. It is mriedly narrowed, as compared %o Figas.
12 and 1% of the 16 m=. stage. One can now see the reason
for the dispute ss to tle rolstiom of the paraflocculus
te pyronmis or uvula or both for the parafloeculus Legins
as an outgrowth independent of eny vermian fissure and
establiches ite relation later In its de t« That,
at some stoges in its development it is comt us with
some mrbs of tle cerebollar cortex, both above and below
the {issura secunda, all are agreod. It must further be
noted tiat the flssura prepyramidalis is farmed later in
tho bat than the figoure secunde, This is in direct
t with Bradley's (4) ides that the fissura
secunda ig not oven found in these simpler forms. The
way thet one can harmonize his findings with other
Lnand.h% myeself is to conclude that his Fis.
III in the rabblt and s inllar animals was really the
figssura secunda of Bllidt Smith (43) rether than the pro-
fissure tint Bradley (&) thought 1t to be.
It is in this stage that we first can note any division
into vermis spd hemippheress. This is indicated by the
very shallow bread sulcus labeled the paravermian sulcus
('*p-} h m.‘. 18‘

The 21 mm, stage ies alse stulled only by the aid
of the disocting microscore and is represoented by Figs.
20 and 21. Aside from the du;nlng of all fissures
and sulel inciudirg thoe ome I have called the para-
voermian sulcus, FPFrom this stage on we pgot a tromendous
inerease in the bulk of the hemis e which lie lateral
to the lobus mdius of Ingvar (21) (lo, med.).

The 22 m, stage was drawn under the disecting
mieroscope os seen in Figs, 22 and 25, and a saggital
sories was made as well, Pigs. 61 to 69. The uvula in



thie stage has completely oversihadowed the nedulus

as soon eithor from tle slde or from the posterlor
suporior aspect. In the gross spocimen the uvulo-
nodular suleus eannot be traced laterally teo joln with
any vemnant of the floccular suleus for by this time the
flocculus e hardly be distinguished from the bLulk of
paraflceculus lyirg above 1t. UNeither can be uvulo-
nodular fissure be follwed up along the dersal surface
of the paraflocculus as the fissure (g) in the gross
specimen., That there is such a continuat ion of the uvulo=
noduler flsswe is ovident however, in the sagittal
scctions Fipgs. 64 o 67, and all the hitermediante sections
show cleoarly the uat:tnniﬁ of tie (fis. wmn.) Fig. 65

and 64 to the suleus labo {g) in Pig. 85, 66, and 67.
The explanation of this condition that exists in the

bat will be discussed following a brief description of
gimiler stagos us olserved in the rat. There appears

a shallow suleue in FPig. 66 which I have labelled (h).

Ae to whothey this corresponds to the sulcus so labeled

in the r® m, sories I camot say. {(Pigs. 58 and 58).

The pest of the corebellum ot this stage is very
glear cut and is mot difficult to idemtify. The lateral
extremities of the midile lobe are greatly enlar and
possess & horizontal fissure, which I have ca the
sulous intoreruralis. Thie divides the hemisphere
proper inte twe lobes which are labeled Crus primmm of
the lobulue ansifamis and Crus secunda of the same lobo.
- A1l the above nomenclature was taken frem Bolk (7).
Although on first appearence it might seem that the
dorsal part of the base of the parallcecculus was continuous
with the Crus secunda, an observation recorded by Stroud
(44) ealling this smme area the poet pileum, on more
careful obaorvation it is cloar that the preapyramidal
figeure or mrafloccular sulcus (8. par.) completely
eneircles tlo paraflocculus. This observation is bomm
out by the seories aof this stapge noting the complete
separation of the parafloceulus from lobulus ansiformis

tho paraflocanlar suleus Figs., 64 to 7. The para-
suleus and the prepyramidal fissure are plainly
cont iruous both in the grose spocimanand in the series
ezanined.

The 2).mm, stage which may be seen in Figs. 24
and 25 shows an incroase in 21l the merkings described
above. The lateral cxtention of the prepyramidel fisgure
can be geon at the bottom o the groove proiuced by the
surerior somicircular cannl encircling the base of the
paraflocculus. (8. par.). At thie stage there is a
flssure on the caude~lateral surface of the paree
floecculus which I lamve called the intres-parafloeccular
suleus. (8. f.par.). It 1g entirely a secondary structure



end is not homologous to the fissure (g) as sbove which
is medial to this fissure and has a diiferent direction.

The young bot Pigs. 26 and 27, shows a contimmed
increase in the sim of all pearts and a continmed secondary
distortion of the fandmmental relationships of the earlier
stapos.

Except for an increase in sise the aduld bat Fig.
70 doos nokt differ firom the braln of the young bat Figs.
20 and 27. 7Tho medlan part of the wwula shows sone -
The parafloccoulns has been limited laterally by the
senieircular canals and the cochlea end to allow for its
grasth 1t has farced & snmall projoction of the inferior
portion caudo-modially through the center of the posterior
semleircular caml,s The lateral extremity of the uwula
is so thin that 168 continuity with the Inferior nart of
the parafloecculus is seon only Ly careful examination
under the disecting microscope. Tie nodulus is completely
hidden from view., There is a2 small 1ip above the lateral
rocoss of the fourth ventricle which may represent the
floeculus. The lobmlus ansiformis is pgrectly inerscsed
in gize. Tiore is 2 mmall medien fisouwre In the middle

lobe just above tle prea rnnidnl fisoure. It is thought
t0 bo Bradley's ra i: ch he thought was represented
in the bhuman *It 1 not ecantinuous with

the intercrura tu‘.lm. Tho mmi‘lm fissure soparates
the paraf'locculns from the hamispheres as deseribed in
the earlier stages. Its relations can enly be seen
however retracing the o ing postero-lateoral

of secunda and {o the fissure around
the parafloccunlw whero 1t lleos in the fossa as described
above.

Because of the diffienlty of separating the
flocculus from the paraflocculus in the tat, it was khunght
wise to Inelude a part of the observatione now being made
on the development of tle braim of the white rat in this
theais. This will make no attempt to be complete but to
only point out certain stages in an animal in which the
flocoulus and paraflocculus both develop inte well
:hﬂ:pd separateo st;;:gbu:u in thglmhlt. "ﬂu white rat

ound to be sat asm-yami osely stages
were roadily aveileble, -

. The earliost stage examined was an 12 day rat
fetus. The cerebellum, at this stage, is oven simpler
than eny desaridbed alove. A s tal series shows a
lack of any fissures or suld . hero ig some indication
of the presence of a "rautenmlippe” but no nodulus or
flocculus could be idemtified with certalnty.



“le

ext e tage was euppoged to be a 21 day fetus

vhose mother had 4 of pnoumonia en tho dete of expected
delivery. Vhethar this affected the development I do ‘

e cerebellum shows a more primative stage

ig found in other nowborn rats. In this fetus wo
£ind & well maried flocculsr sulcus which is continuous
medlally with a £issure which extends to within 1/2 mm,
of the midlire on either pide, This is in accord with the
suggoestive [ g in the bat slthough the sctual
observation that fleecular, uvvlo-nodular f{issure
began laterslly, was not made in that animeal. %he
floeculus resenhles closely the auriele of the lover forme.
It corresponds very clesely to the 12 mm, bat embrye
shown in Pigs. 6 and 7. Thero are no other {issuree

present in this specimen.

The next stege is shown by Pig. T8 which is a
nodel of the cerebe of a newbern rat. Tho uvulo-
nodular flesire and floccular sulcus ere conbtlnuous and
are the only fissure e xtending the entire width of the
cerebellum. There are two other fissures in
the latersl pearte of the ecorpus cerebelll, The falnt
hagumlnimi;f the parafloccular suleue ia seen in only a
few gectlone t caudal to the lateral extremity of the
prepyramidsl fissure. The latter {issure ap ears to
begin laterslly, which is dif ferent from the occurrence
in the bat.

A nowborn rat cbtained from a different source
ghows a more interest ot than the model in some
respocts., It is showmn a latersl view in Pig. 7i.

It should be noted that the fissure I have labeled

"prea " wag eallod fissure (a) by Bradley (5)
and my fiseure secunda he called the f issure III or

prea 1 both in the adult rat #nd in the 't '
develop ental stages in a similar animal, the rabbit,
For a discussion of this point I refer you to pPp. i2,/3
above. The paraflocculsr sulecus is seen definitely below
the prepyremidel fissure. The paraflocculus arls

lateral to the pyramls and the uvula as in the bat but
the prepyramidel f imeuwre is npot continuwous with the para-
floccular sulcus and es a result the upper part of the

is continuous with the hemisphere proper while

lower part is continuous with the perafleocculus., In
no otage was I able to demonstrete a unien botween the
paraflocoula sulcus and tho fissura secunda,

The one day old rat shows little clange from the
& dogeribed above. Tho lateral extention of the
w is becaming narrowed and the parafloccular sulcus
1o extonding toward the f®ewra secunds but it definitely
does not join 1t.



The two day rat is shown in a posterilor superior
view in Plg. 72. Here we {ind the paraflioecculus enlarged
and its cus deoper but econtinmuing to maintain the same
relotionship to the mwdial fissures as doscribed in the
earlior stages. The lateral oxtert im o the prepyramidal
fissure cannot be soon unless the pamfloeculus and
hemisphere be separated. If this bo dore this flssure
cbove and the parafloeccular sulais below mork off a
narrow folium which mlly becomos more and more
compregseod as tho cont lobes enlargo.

: Attontion 1e called to the fact that although the
remainder of the corebellum iz flssured as deeply as 1s
tho adult corynorhinus tlp uvulo-nodular flssure ig well
developed and shows no indication of extending up toward
the pareflocoulus. Ome possille explanation the fact
that following the course of the shallow groove labeled

{z) in Pige. g& to 60 there is comns tantly present an
artery of relatively large size. Tho final opinilon as
to the signif icmmece of this groove (g) mmt wait for
further investigations on the development of the deeper
conneoctione in thieg aven of e mareallsn cerebellum,

Further development of the rat 1s not of
importance here and will be reserved for a subseguent

report.

Surmnary and Conclusions.

1. A review of the l1li terature dealing with the
development of the cerebellar {issures is presented,
with the following points emphasized:

(a) Elliot Smithts (41,82, 435) ﬁcq»ura together
of flocoulus and paraflocculus o a eingle lobus
floceularis and a einmilar grouping of the uvula and
nodulus into a single lobus posticus, without ragnrd
for their early separation by the uvulo-nedular {issure,
which he himself recognized as being the earliest to
form, is criticlized.

{b) Smith's (43) deseription of the cerebellum
of the Notorcytes is shown to be lacking in a clear
differentiation between the separate components of his
flocenlairs in his figures of the sagittal sections through
the cerebellum of thie anlmal,

{c) Attention is called to his opinion (43)
relative to the variability of thoe relations between
the parafloccular sulene snd the "vermian" fissures
of the posterior part of the cerebellunm,
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{d) 0. Charnock Bradley's (5,6) cmphasis on the
geparation of flocculus and modnlus from the rest of the
corebellum, is mentimed.

{e) Bradley?s (&) opinion concerning the late
appesyance of the fissura socunda is dlscussed.
Evidence is presented to show that Bradiey has confused
mnfhmumﬂththmgymmﬂhm
develop rabbit and alse in all of the adult mammalien
brains be the squirrel which he has descrived, with
the excoption of the hare.

. {f) Bolk's (7) work is presented in part and the
eriticism of Ingvar and others conce his clascification
of floeculus, pareflocculus, and mmrte the middile lobe
into one body, the formatio vermicularis, is mentiomod.

(g) Ingverts (21,22) idens concerning tho cere-
bellum are presented. His findings, iIn the cat con
the endings of epinal cerebellar and direet vestibular
fibers in the cerebells r cortex, are disamissod. Attentiom
ie enlled to the mesence of direct vestibular endings
in the nodulus and flecculus without any fers {rom
the spinal cord ending there, a condition which 1ls found
in no other part of the cerebellum.

{h) The origin of tle cerebellum in the amplh:ibians
and fishee iz presented from the work of Herrick {14,15)
and larsell (29, 30, 31, 33, 34). The new concept that
this o is derived from the two fundamental commisures,
one vestibulo-lateral in matwre and the cther, called
the corpora cerebelli, receiving compononts from the
spinal cord, and optic, acoustic, and somesthetic fibers
from the midbmin, is discusseod,

(1) Larsell¥s (52,55) wse of this knowlege in his
deseription of and coanclusions concerning the rept.lian
cerebellum is pointed out. Hie criticiesm of all previous
vorkers, who have classed mrts of the memmallian cerebelium
which are derived from these two fundarontal divisione
into one posterior lobe, 18 quoted.

(j) Attention ie called to larsellts (35) choice
of the term fissure parafloccularis ss doncting the
latoral extention o the firet sulcus of the reptilian
cerchbellum and to his opinion, as stated at that time,
that the {loecular lote of tle reptilees is homologous to
the lobus floccularis of dirds and mammals which ineludes
both paraflocculus and flecculus. In t'l:is,i he 1s in

t vith Ingvar. A careful examimetion of ecarly

es of the cerebella of marmalim embryos {rom those

*ibad bg Stroud dnun to and incluiing my own findings,
wil indl e that tho floeculus alone is derived {rom



the "aurilcular lobe" and that the paraflocculus is formed
from the postero-lateral mrt of the cerpus cerebelli,
That Larsell has recognized this fact i1s seen in a later
article, not yet in print, but which he has kinfly
allowed me to see in mamuscript. He has, however, continued
to use the term parafloccular sulecus in his dncripﬂn
of the brain of the embryo mole where we usc the ternm
floceular sulme. The nomenclature used in this thesis
corrosponds closer in opinion to thet used by su'uﬁa
M%lgolk and Ingvar thelr diagrams of the mammal
core um.

' In concluding the summary of the reviow of the
literature let me state that the paper by Bert Brenotte
Stroud (44) was found to beo of grest valuwe. In 1t was
found the most cowplete review of the litersture from
1812 to 1895 that I have been able to find in any work
that has been avellable to me. In addiian, his carly
observatione are accurate and his interpretations worthy
of more careful attention than has been given theom by
more recent writers.

. 2. A detalled description of the development of
the fissures in the bat, Corynorhimus, is given. This
is based on observations made on closely graded embryos
of this animal Ly the following methods:

{a) the cbservation and drawingof =11 stages
wder a disecting microscope;
(b) serial sections the segittal plane of
i “lmportant stages;
{(e¢) the preparation end study of blotting paper
models of some of the stsgl.
These findings wore supplemented by edditional obgervations
on the doweloping comebellum in the vhite rat by the same
methods os were used in the bet .

%. Tie Cormmorhinus has six "vermian"” flssures
whilch appesr in the following arder: 1, uvulonodular
fissure, £. fissurs prims, 3, fissura secunda, 4. pre=-
culminate f lssure, 5. prepyrenmidal fiseure, and 0. o
very late fisawe which I have labeled fissure 'a' after
Bradley (5,6). This last flasure is not of sufficient
importance to morit indication in the schemes of Smith
(43) o {21). Bradley (6) considered his fissure
'a® to be logous with the fissura horlzontel magnus
of men, Those median f iscwres are supplemented by three
loteral sulel which sprear in the feolliowing order: 1.
floccular sulais, 2. pamaflocaular sulecws, and 3. inter
erural sulcuse.




4., The floccular suleus is thought to be the
enrlicat corticel mrking in tl®» bat and there can e
no doubt that this is true in a slightly earlier stage
otgerved in the rat.

5. The fwed floceular sulcus and uvalonodular
flasure is the £irst merking to awear scras the midline
and from slde to side. This occurs in the Corynorhinue
before any other fisauwre is farmed snd thereby 4l iden
the cerebellum inte two unequal parte.

é. The mraflocculus forme as an independent
outgrowvth from the poe tero-lateral portion of the larger
of these twe early divisions and in the Corynorhimus
raintains even in the ad:lt ite cortical continuity
with both the pyramie and the uvuls. Inm this animal the
paraflocoulsr sulous fuses secondarily with the pre-
pyramidal fissure. In the rat the paraflocculer sulcus
does not Lecome contimous with any “vermian” fissure in
any of the stages examined. The variability ehown here
is in agrooment with the ows of Elllot Smith.

7. The fissura prime soon becomes the deepest
fisegure in the cerebellum of the Corynorhinus.

8. The uvulonodular { issure, mrecoclous as it 1s,
loses ite continuity with the floeamlar sulcus early in
the development of the corebellum in the bat oxsmined.

9. The flocaulus in this bat is either an oxtremely
tiny 1ip overhanging the lateral reecess of the fourth
vontricle or has been "swallowed up" by the encrmous

of the pereflocculus. The final relationship of
these two structures can not be learned until a deteiled
study of the fiber commections in this region 1s mRde.

. 104 The flocculus in the rat persiste throughout
its development and in the adult, é&r a well defined lobe.
The uvelonodular fissure and { loccular sulcus likowise
maintain their contimuity in this enimel until a stage

in advance of the adult bat corebellum is reached.

11. The middle lobe (Ingvar) contains a shallow -
fissure (o) confined to the vermis and a deepor {lssure
leterally which dividee the lotulus ansiformis of Dolk
inte two crura. :

‘ 12. The anterior lobe has no indicat lon of any
division into vermie and hemispheres and comsists of two
lng eimple folia separated from the middle lobe by the
fissura prime and from each other by the proculninate
fissure or fissure I of Bradley. ‘

15. The uvulomedular fissure is continuous, in
the sagittal series o« tho 22 mm, bat, with a groove



labeled (g). This shallow extonds onto tho
dorsal surface of the paraf « Sush a condition is
not vieiblo in the gress gpecimen of the bet; 1t has

not been observed by previous worlers in the development
of any otley mammal; nor have I observed it in the stages
I have exemined in tle ret., There are two possibilities
to explain this phenomona; one, that this represents the
groove formed by am artery which constantly follws such a
course; the other thas this might indleaste a step In the
procoses of a secondary fuaingnr paraflocculus and
floceulus into a true lobus {loccularis as described by
Elliot Smith. A determimtion of the flber connections
in this region is neceesary before a final decision can
be reached in this regard.

14. Viewing this ulele subjeet in retrospect,
one is struck by the presence of numerows arguments and
dif'ferences of opinion relative to the other parts of the
corebollum and a grest regularity in the findings cone
corn the early development of the flocculer sulcus and
uwu fissure. In the two animals I have desecribed
one can ohserve an ldentieal carly stage vhere this is
the only fissure develeped. The otler fisswes, however,
show & dissimilarity which increases - the later the
fisgures are formed, This emphasis rightfully placed on
the importance of the uvulonodulsr fissure and floccular
sulcus is further substantiated by the newer work on the
origin of the corebellum in the lower vertebrate forms.
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ABBREVIATIONS USED I FIGURES.
BV, eanterior medullary velum
ag., agqueduct of Sylvius
cb,, corebellum
¢. cb,, corpus cerebelll
cor., corebrum
cr.I.,l.i., Crus primuw, lobulus ansifermis (Belk) (7)
Cr.Il.,1.8,, Crus secunda, lobulus ansifermis (Bolk) (7)
d.par., dorsal lcbe of the paraflocculus

fis."a',, fissure Ta? ct Bradley {&). (fissura horizentalis
magnus, of the bumen).

fis.pe., preculminate fissure (Smith) (43)
fis.ppd., filssura prepyranidalis
fles.pr., fissura prima

fis.s0c., fissura secunda

fis.un., fissura uvaloncdular

floec,., flocculus

{g), sulcus of unlmown significance
G.V., ganglion of the trigeminal rerve
G.VIil., genglion of the acoustic nerve
(h), suleus of unimown significance
1.0., internal ear ‘
lo.sed., lobus mediune (Ingvar) (21)
med.obl., medulla ohlongata

1988 ., midbrain

n.Ve., trigeminal nerve

n.Vill,, scoustic nerve

node., nodulus

par., peraflocculus



pl.ch., choroid plexus

DeflaVae, posterior medullary velum

DYF¥., Dyranis

r.l., lateral rocess of tho fourth ventricle

R.VIII,., hole where the roote of the acoustic nerve
were torn out in the diseetion.

g.f1., sulcus floceunlaris

8.1., sulcus intereruralis (Bolk) (7)
s.1l.par., suleus intraparailoccularis
BPBr., sulcus parafloccularis

8.7V., Darevermian sulous

t.cha., tela choroldia

Uve, uvule

veldsy, fourth ventricle

v.par., ventral lobe of the paraflocculus.



Deseription of Filgures.

Pige 1. Elliot Smith's diagram of the mammallan
cerebellum spread out in one plane and
ahow variable relationships of the
lateral extentions of the posterior lobe
figsures. (Spith, Anat. Anz., vol, 83,
PP, 360, 1903). (43)
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A diagram representing the fundamental and more constant secondary

Teanammalinn cerehellum spread out in ene pline



Fig. 2. 0, Chernoeck Bradley's schemas of the a

mammalian cerebellum in one plane
in saglittal section. ley, J. te &
Physiology, vol. 39, ppe 117, 1903) (5).
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Pig. 3 Louils Bolk's diagram of the mammalian cerebellum
spread out in one plane. (Bolk, Das Cerebellum
der Saugetiere. Jena 1906. pp. 297) (7)



Der Bau des Siugercerebellum schematisch dargestellt. 7—4. Dic
vier Sublobuli des Lobus anterior. S.p. Suleus primarius. L.s. Lobulus
simplex. Cr.I, Cr II l.a. Crus primum, secandum lobuli ansiformix.
N.i. Sulens intereruralis. Lp. Lobulus paramedianus. F.p. Fissura
paratloccularis. .. Pars tonsiliavis. L.pe. Lobulus petrosus, SfSul-
cus Alocenlo-tonsillavis. F. Flocculus. €. Copula pyramidis, P. Pecten
medullare F7.4. Pissura intervermicularis. 7.r. Formatic vermicularis.
Lowep.  Lobulus  medianus posterior. S.pa. Sulcus paramedianus,
. by Sublobuli des Lobulus medianus posterior. S pr. Suleus
praepyramidalis. F's. Fissora secunda. S.e. Suleus uvulo-nodulais.



Pigz. 4 Louls Bolk's chart of the folial pattern of
the mammalian cerebellwm. (Bolk, Das Cere-
bellum der Saugetiere., Jena 1906. pp. 48-49)

(7).



Cerebeltimn
Lobits anterior Lobus posterio
(1—2). (3—12),
Lobulus simplex Lobulus complicatus
3--4). —12).
Lobulus lateralis posterior Lobulus medianus posterior
t4—11), (12).
Lobulus ansiformis Lobulus paramedianus Formatio vermicnlaris
(4—6). (6—7). (7—11).

l

l

Crus primam Cros secundnm Cras cireumeludens  Pars floceularis
n). O -0) [ (S—10),

Tobalus petrnsus
100

Tneus terminalis




Fig. 5

Sven Ingvar's diagram of the mammallan corebellium
spread out in one plane and showing the cortical
endings of the different affer=systems in the
cerebellum. (Ingvar, Johm's Hop. Hosp. Bull.,
vol. 45, pp. 324, 1988) (22).
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Fic. 3. DIAGRAM OF THE MAMMALIAN CEREBELLUM, THE CORTEX BEING SPREAD INTO ONE Prane

Vertical lines mark the endings of the spino-cerebellar tracts; circles mark endings of direct fibres
from the vestibular nerves. The surface of the cerebellar cortex is conceived of as being spread in
one plane; the periphery of the figure corresponds to the base of the organ, that is, the parts situ-
ated in the immediate vicinity of the fourth ventricle and especially of the vestibular nuclei.



Flg. 6 Posterior superior view of the cerebellum of the
Corynorhinus erbryo, C.R.L. 1R m,, 8.lx

Pig. 7 lLateral view of the cerebellum of a Corynorhinus
m’ CiRels 18 mm,, 6.1x.






Fig,
Pigo
Fig.

Flg.

8 Posterior superior view of the corebellum of
a Corynorhimus embrye C.R.L. 13 ma,, G.1x

9 ZLateral view of the cerebellum of a Corynorhinuse
embryo C.R.L. 13 mm,, 8.1x.

10 Posterior superior view of the cerebellum of a
Corynorhimug embryo C.R.L. IW mhe, 641 x.

11 Iateral view of the cerebellum of a Corynerhinug
embryo C.R.L. 1% mm., &,1x.






Flg.

Fig.

F5.8¢

Pig.

12

13

14

15

Posterior superior view of the cerebellum of
a Corynorhinus embryo 16 mm,, 6.1x.

lateral view of the cerebellum of a Corynorhinus
embryo C.R.L. 16 mm,, 8.1 x.

Posterier swerior view of the cerebellum of a
Corynorhinus embryo C.R.L. ¥8amm., 8.1x.

lateral view of the cerebellum of a Corynorhinus
Gmbl'?o c.RoLa IeQm.’ Eihp






ri“
Pig.
Fig.

Pige

16

17

19

Posterior superior view of the cerebellum of
& Corynorhinus embryo C.R.L. 18 mm,, 6.1x.

Iateral view of the cerebellum of a Corynorhinus
erbryo C.R.L. 8 mm,, 0.1 x,.

Posterior superior view of the eerebellum of
a Corynorhinus embrye C. R. L, 19 mn,, S.lx.

Iateral view of the cerebellum of a Corymorhinus
ﬂm CsRoLas 19 Mie, G.1x,






20 Pogtericr superior view of the cerebellum of
a Corynorhinus embryo C.,R.L. 2{ mm,, 6.1x.

21 lateral view of the cerebellum o a Corynorhinus
embrye C.R.L, 21, m,, 6.1x,

22 Posterior supericr view of the cerebellum of a
Corynorhinus embryo C.R.L. 28 ma,, 6.,1x.

23 lateral view of the cerebellum of a Corynorhinus
erbryo C.R.L. %2 mm,, &,1x,
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Flg.

Fig.

Figl

Fig.

24

Posterior superior view of the cerebellum
of a Corynorhinus embryo C.R.L. Zfamm,, &.1x.

Laeteral view of the cerebellum of s
Corynorhinus embrye C.R.L. 2la mm,, 6.1x,

Posterior superior view of the cerebellum
of a young Corynorhinus, 6.lx.

Lateral view of the cerebelium of a young
Corynorhinus, 6.1x.






Fiso 28

Fig. 29

Fig. 30

Fig. ag

Figa 35

Piao 34

Mid sagittal section of the corebellum of a
Corynerhinus embryo C.R.L. 18 mm,, 286.8x.

Sagittal section of the cer~bellum of a
Corynorhinus embryo C.R.L. 18 mm,, 28.8x.
(0.48 mm. lateral to the mid sagittal section).

Sagittal section of the cerebellum of a

Corynorhinus esbryo C.R.L. 13 mm,., 28.8x.

(0,96 mm, lateral to the mid aagiéhal section

;nd Dg? mm, lateral to the section shown in
1g. »

Gopymorhimug embryo C.R.L, 13 mme, 26.8z
oryno us sthiglia mim .
(1.2 v, lateral to the mid ugﬁ&l section
and 0,24 mm, lateral to the section shown
Fige 50): .

Sagittal section of the cerebellum of a

Corynorhinus embryoc CeRelie 18 ym,, 28.8x.

(1,44 mm, latoral to the mid sagittal section

;ni: uﬁ mne. lateral to the section ghown in
- -

&githal naehm é}n% ;am‘bnllm %ﬁ gx
Corynorhinus Relie 13 mm «OX.
(1,56 mm, lateral to the mid llg;.ttll section
m,: 0.1? mi, lateral to the section shown in
Fig. 38).

Sagittal section of t he cerebellum of a
Corynorhinus embryo C.,R.L. 13 mm,, 28.8x.
(1,62 mm, lateral to the mid sagittal seection
and 0,06 mm, lateral to the section shown in
Fig. 33)0

Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 18 mm,, 28.8x,
(1,68 mm, lateral to the mid sa 1&1;-.1 section
and 0,06 mm, lateral to the section shown in
Fig. 34 .






Fig. 3%

Flg. 38

Fig., 39.

Fig. 40

Pig. 42

Flg. 44

lid sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L, 1§ mm,, 20.5x.

Sagittal section of the cerebellum of a
CQ ﬁma mlbm ctR.L' ]em' %.51‘
(048 mne lateral to the midsngﬂ.h‘l’ul seétion.)

Sagittal section of the cerebellum of a

C orhinus embryo C.R.L: 1§ mm,., 28.5x,
(0,96 mnUateral to the mid sagittal seetion
;x;.d 0.48 mm, lateral to the seection shown in
Pig. 37.

Sagittal section of the cerebellum of a
Gorynorhinus embrye C.,R.L, 15§ mm,, 28,5x.
(1.2 mm, Jateral to the mid sagittal section

;.mi mg mn, lateral te the section shown in
i&i 3 -

Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L, 18 mm,, 28,5x,
(1.26 nm. lanteral te the midsagittal section
and 0,006 mns lJateral to the section shown
m Fige 39)0

Sagittal section of the cerebellum of a
Corynorhinus embryo C.E.L, 15 mm,, 28.5x.

(1 mn. lateral to the mid sagittal section
and 0,12 mm, lateral to the section shown in
Pig., 40,

Sagittal section of the cerebellum of a
Corynorhinus embryo C.R,L, 15 mm,, 28.5x.
(1,50 nm, lateral te the mid sagittel section
and 0,12 nm, lateral to the section showm in
Fig. 41.)

Sagittal section of the cerebellum of a
Corynorhinue embryo C.R.L, 15 mm,, 28,5x (1.56 mm,
lateral to the midsagittal section and 0,086 mm.
lateral to the section showm in Fig. 42,

Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 1§ mm,, 28.8x.
(1,62 mm, lateral to the mid sagl&tnl section
and 0,00 mm, lateral to the section shown in
Flg. 43,






Pig. 45 MNid sagittal sectlon of the cerebellum of a
b

Corynorhinus embryo C.R.L. 6 mm., 25.5x,

Fig. 46 BSagittal section of the cerebellum of a
Coryneorh inus embryo C.R.L., 16 mn,, 25.5x. ‘
(O.54 mm, leteral to the mid sagittal section).

Flig. 47 Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 16 mm,, 25.5x (0.9 mm,
lateral to the mid sagittal section and 0.36 mm.
lateral to the section shown in Fig, 46.).

Fig. 42 Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 16 mm,, 25.5x.
(1.08 mm, lateral to the mid esagittal section
and 0,18 mm. lateral to the section shown in
Fig., 47.)

Fig. 49 sSagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 16 mm,, 25.5x.
(1.26 mm, lateral to the mid sapittal section
and 0.18 mm, lateral to the section shown in
1;.‘ i{: . ‘378 . v

|
bt

(]
L]

50 Bagittal section of the cerebellum of a
Corynorhinus embryo C.R.L, 16 mm., 25.5x.
(1,44 mm. lateral to the mid sagittal section
and 0.18 mm, lateral to the section shown in
Fig. 49,

Pig. 51 Sagittal section of the cerebellum of a
Corynorhinus embryo C.R.L. 16 mm., 25.5x.
{(1.53 mm, lateral to the mid sagittal section
and 0,00 mm, lateral to the section shown in

- ¥ |

I‘Lg. 560 )

Pig. 62 Saglttal section of the cerebellum of a
Corynorhinus embryo C.R.L. 16 mm., 25.5x.
(1.62 mm, lateral to the mid sagittal section
and 0,00 mm, lateral to the section ghown in
Fige. 5l1.)

Fig. 55 Sagittal section of the cerebellum of a
Corynorhinus enbryo C.R.L. 16 mm., 25.5x.
(1.71 mm. lateral to the mid sagittal seetion
nd 0,09 mm, lateral to the section shown in
Fig., 52).
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Pig' b4

Pig. 55

Fig. 56

Pig. 58

Fig. 50

Pigy 218,

Hid sagittal seetion of the cerebellum of a
Corynorhinus embryo C.R.L.. 48 rm., 28.5x.

Sagittal section of the cerebellum of a
Corynorhinus embryoe C.R.L. 18 mm., 28.5x,
(0,48 mm, lateral to the mid sagittal seection).

Sagittal seection of the cerebellum of a
Corynorbinus enbryo C,R.L. 18 mm,, 28.5x.
(0.86 mm, lateral to the mid s 1%“1 section
and 0,48 mm, latersl to the seetion shown in
Pig. 55.)

Sagittal section of the cerebellum of a
Cortmerhinus embryo C.R.Ls 1€ mm,, 28,.5x,
{1.44 ma, lateral to tho mii sagittal section
and 0.48 mn, lateral to the section shown in

ml Eu’] L]

Ssgittal seection of the cerebellum of a

ﬂmolhin‘lﬂ .wW‘ CoReliy 18 mm,, 28,5x.

(1,66 mm, Interal to the midugit{:al section

;nig U,';M mu., lateral to the section shown in
L] B [ ]

Sagittal section of the cerebellum of a

Co rhinus embryo C.R.L. 18 mm,., 28.5x.
(1,755 mm, lateral to the mid sug!ttnl gection
and 0,076 mm, lateral to the section shown in
Fig. 5'80

Sagittal sestion of tho cerebellum of a

GCo rhinus embryo C.RK.L, 18 mm,, 28.5x,
(108 me, Jaderal 55 the mid septbeal veetiem
and 0,166 mm, lateral to the section shown
in Fig;. 59,






Pig. 61

Fig. 64

liid sagittal section of the cerebellum of a
Corynorhinus embrye C.R.L. 28 mile, 27.7x.

Sagittal section of the cerebellum of a
Corynorh inus ﬂﬂu‘yﬂ C«R.L, 22 mMe, 27.7x.
(0,75 mm, lateral to the mid saglttal sectim),

Sagittal section of the cerebellum of a

Co hinus embryo CsReL. 22 M., 27.Txe.
(1:{;‘5‘.!&. lateral to the mid s itul section
and 0.376 mm. lateral to the section shown in
Fis. GE.) '

Sagittal section of the cersbellum of a
Corynorhinus embrye C.R.L, 22 mm,, 27.7x.
(1.5 mm, lateral to the mia n.g:lt*’ul section
and 0,375 mm. lateral to the section shown
in Fig. 85
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Fig. 66

Fig. 68

FPig. 7O

Sagittal section of the cerebellum of a
Corynorhinue embryo C,R.L, R® mm,, 27.6x.
(1,695 mm. loteral to the miad sagittal seetion
and 0.195 mm, lateral to the section showm in

Fig, 64.

Sagittal section of the cerebellum of a
Corynorhinus erbryo C.,R.L. 22 mm,, 27,.5x.
(1,875 mm, lateral to the mid sagittal section
and 0,18 mm, laterel to the cecst on ahovn in
Fig. 65).

Saglttal sectlon of the cerebellum of a

Co orhinus enbryo C.R.l. 22 mm., 27.5x.,

(B, mm, latersl to the mid saglttal section
and 0,195 mm, latersl to the sectiom shown in
F’.En GG .

Sagittal section of the cerebellum of a
Corynorh Inus enbryo C.R.L, 22 mm, 2'7,51.
(2,260 mm, lateral to the mid s it
section and 0,180 mm, lateral to tls autian
shown in Flg. 7.

Sagittel section of the cerebellum of a
Corynorhinus embyryo C.R.lL. 28 mm,, 27.5x.
(2445 mm, lateral to the mid sagittal section

;nd ogu mm, lateral to the sectlion shown in
ig. .

Posterior superior view of the cerebellum of
the adult Corynorhimus, O.lx.






Pig. 71 lateral view of the ecerebellum of a new
born white rat, ©,1x.

Fig. 72 Posterior superior view of the cerebellum of
a 2 day old white rat, &.1x.






Plg. 73 l'hutcgﬂ]h of a model of the lateral part
of the cerebellum of a Corynarhinus smbryo
ctElLl 18 -.’ 31.5‘ {l.m 'Fb‘.].. I
1
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Plg. 74 Photo%raph of a model of the cerebellum
of a Corynorhinus embryo C.R.L. Y8 mm,,
28,6x. (right lateral view),
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Pig. 75 Photograph of a model of the cerebellum of







Filg. 76 Photograph of a model of the cerebellum of
a Corynorhimus embryo C.R.L. A6 mm,, 27.8x.
(posterior superilor view.)
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Pig. 77 Photograph of a model of the lateral extremity
of the cerebellum of s Corynorhinus embryo
CleLe 18 MM, 34x. {ht‘“l ﬂ.')r
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Fig. 78 Photograph of a model of 1/2 of the cerebellum
of a new born white rat, 26.4x. (lateral view).






