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PAR1' I. 

VERY few serious attempts have been made to discover if 
there is any regular plan of arrangement of the fissures and 
lobes of the mamrnaliau cerebellum. If we leave out of 
ncconnt those scattered descriptions of tho cerebellum of n. 
single animal, or of one or two animals- such, for instance, 
as Gansel"s (1) classic and oft-quoted investigation into the 
anatomy of the brain of the mole, Krause's (2) monograph 
on the rabbit, and Miss Amback-Ohristie-Linde's (3) paper 
on the brain of the shrew and bat; not to mention more of a 
like nature- we find that the literature on the comparative 
anatomy of the cerebellum can only be described a8 meagre. 
Undoubtedly the best -work that has been done in the way of 
attempting to clear away morphological difficulties is that 
which has appeared from the pen of Stroud (4). Anotl1er paper 
worthy of mention in this connection is that of K uitban (5), 
which appeared almost contemporaneously with Stroud's. These 
t.wo writers stand practically alone, inasmuch as they did not 
rest satisfied with an examination of the adult brain, but 
demanded to know what embryology had to say. Stroud 
traced the development of the cerebellar fissures in the ~at 
and in man; and Kuithan examined embryos of the sheep 
and ma11. 

The latest attempt--as far as is known by the present writer 
-which has been made to establish tl1e homology of the lobes 
of the cerebellum of mammals appears in the large work by 
Flatau and Jacobsohn (6) on the central nervous system. The 
value, great though it still remains, of this last piece of work is 
impaired by the fact that only adult material was used, and in 
many cases apparently second-hand descriptions were accepted. 

1 The work, of which t l,e present paper is the ou tcome, was done by the 
"'.ri ter as a. Research Student of the Universit.y of Ediu!Jurgh. 
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The i<leal method, in a question of this kind, appears to 
be a combination of the embryological and the comparative 
anatomical. Stroud recognised this, and suggested that it 
would be necessary to examine into the intrauterine history of 
every mammal-a colossal task, verily. This being beyond the 
compass of the powers of one man, he examined two animals 
embryologically, and gave a long list of adult animals which he 
stated he had compared with each other. Unfortunately his 
description of the adult cerebella, seemingly promised in his 
first p?,per, is not as yet forthcoming. 

Kuithan did not attempt the examination of a series of 
adult cerebella, but contented himself with the consideration of 
the development of the fissures in sheep aud in man. 

In the case of Stroud, Kuithan, aud Flatau and Jacobsohn 
the investigation was apparently begun with the determination 
to find, if possible, homologies to the lobes of the cerebellum of 
man. To the mind of the present writer this was a mistake. In 
questions of this sort the brain of man should be lost sight of 
as far as.possible, since it is admitted to be an organ which has. 
far outdistanced, in its evolution, the brain of the avetage 
mammal. It is only after many (if possible, all) mammals. 
have been passed under review that man may be brought in to­
complete the list as the highest and most richly endowed. 

Acting upon the conviction that the brain of man should not 
be taken as the standard, but that the simplest cerebella should 

·form the starting-point, the present investigation was com­
menced with a search for the smoothest and least complicated 
mammalian cerebellum. This was discovered- thanks in part 
to the paper of Miss Arnback-Christie-Linde-in the shrew and 
some of the bats. The shrew's was therefore taken as the­
initial cerebellum; and had it been possible, shrew embryos 
would have been examined with a view to noting the time and 
order of appearance of the various fisstues. Owing to the 
difficulty of obtaining a sufficiency of shrews at all periods of 
intrauterine life, and because of the comparative ease with 
which rabbit embryos of all ages c~ttld be obtained, it was 
decided to start the embryological part of the investigation 
with the latter; and indeed the rabbit possibly served the 
purpose better than the shrew would have done, since the 
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cerebellum of the adult is built on simple lines, and yet there 
are parts in it in miniature which attain considerable magnitude 
in the larger mammals. 

Seeing that the rabbit has a cerebellum so very much more 
simple than, say, that of the carnivora or the ungulates, it seemed 
well that the development of the fissures in one of the larger 
animals should also be watched. For this purpose, because of 
the little difficulty in getting material, the pig was chosen. As 
it happened, I was able to command material at practically 
any stage of development, and therefore the ages of bot.h the 
rabbit and the pig embryos were, with one or two exceptions, 
absolutely known. 

In addition to the examination of the developmental history 
of the fissures in two mammals, as many kinds of adult cerebella 
as could be obtained have also been compared. 

In this paper are stated the results of the investigation, 
.starting with an account of the appearance of the fissures in 
the rabbit. Until the time arrives when it is necessary to 
summarise results, the fissures and lobes will be known bf 
the simplest designations, viz., figmes and letters, to the end 
that the mind may not be i11fluenced by the use of terms 
which have acquired a certain fixed significance. 

RABBIT. 

20 days ernbrvo, 37 1nm. long ( fig. 3).- When the entire 
brain of the rabbit is examined at this stage, the cerebellum 
appears as two fairly prominent lateral projections jutting out . 
on each side just below the mid-brain. A nari·ow connecting 
band is also seen running transversely between the mid-brain 
and the medulla. No fissures are visible to the naked eye; 
and on making a sagittal microscopic section in the mesial 
plane, the contour is even except at the posterior lower part 
of the cerebellar lamina, where a curved hem-like portion is 
marked off by a shallow fissure (fig. 3, IV.). This fissure makes 
its first appearance about the 18th day (fig. 1). The hem-like 
edge of the lamina is continued laterally over the lateral recess 
of the ventricle, to become continuous with a similar lip belong­
ing to the medulla (fig. 2). It is apparently the Rautenlippe (His). 

C 

t 
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21 days embryo, 42 nirn. long (fig. 4).-At this stage the 
cerebellum is very similar in appearance,. to the naked eye, to 
that of the preceding day. The middle portion is somewhat 
more obvious, but no other visible change has occurred. A 
mesial sagittal section presents an outline which may be roughly 
described as triangular, the base of the triangle looking towards 
the medulla and pons. The two other sides of the triangle 
constitute what it will be convenient to call the anterior and 
posterior slopes of the cerebellum. Such a section again shows 
the fissure mentioned in the description of the 20 days embryo, 
but it ' is now farther removed from the ,extreme edge of the 
lamina (fig. 4, IV.). There is also a faint indication of another 
fissure at the upper part of the anterior slope (fig. 4, I I.). It 
may be noted also that the future anterior medullary velum 
is better marked, as a result of a slight forward growth of the 
anterior part of the cerebellar lamina. 

22 days enibr"!Jo, 50 1n1n. long (figs. 5, 6 and 7).-A distinct 
adv11nce bas been made in development. The cerebellum is 
still very obviously made up of two prominent lateral masses, • 
connected by a slighter intermediate portion, but the disparity 
in volume of these three parts is not so evident (fig. 5). In 
addition to a mere growth in size, other important changes 
have taken place. On an examination with · the naked eye, it 
is clear that a portion of each lateral projection is about to be 
differentiated from the main bulk of the mass. This is shown 
by faint fissures, or rather grooves, slightly indenting the 
surface (figs. 5 and 6). Moreover, on sagittal section, the 
fissure, faintly foreshadowed in the 21 days embryo at the 
upper part of the anterior slope, is unmistakably a definite 
entity, and cuts the anterior slope into two almost equal parts 
(fig. 7, II.). The fissure which was the first to appear is still 
farther from the edge of the lamina (fig. 7, IV.). Further, there 
is the promise of a third fissure, this being indicated at this 
stage by a depression on the posterior slope (fig. 7, III.). 

At this stage there are therefore evidences of three transverse 
fissures cutting at least the mesial part of the cerebellum into 
four portions; and in addition, indication of a subsequent 
complication of the lateral part. 

23 days embr"!JO, 50 mm. lo11g (figs. 8, 9 and 10).-There is 
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now undoubted evidence of the rudiments of the three parts of 
the adult cerebellum. The central portion has increased 
considerably in volume, and there are shallow antero-posterior 
grooves marking off the future vermis and hemispheres. 

The fissme on the posterior slope, which was not more than 
hinted at in the 22 days embryo, is now sufficiently deep to 
be visible by means of an orclina.ry pocket lens (fig. 8, III.). By 
the same means two trnusverse fissures are distinguishable on 
the anterior slope (fig. 9). The more superior corresponds , to 
that already noticed in the previous stage. The lower one of 
the two is very shallow, and it is necessary to examine sections 
in order to be definitely certain that it is in reality the rndiment 
of a fissure. 

Sagittal sections show three fissures, with the commencement 
of a fourth. The deepest corresponds to the one on the anterior 
slope of the 22 days cerebellum (fig. 10, II.). 

In an embryo of 55 mm. in length, apparently some honrs 
older than the one now under consideration, four fissures can 
be distinguished without i.ny difficulty (fig. 11). It is desired 
to call especial attention to this stage, for it is believed that 
here we have the same number of fissures and lobes in the 
vermis as belong to the simplest form of mammalian cerebellum. 
'Without applying any special names to these fissmes and 
lobes, and without anticipating the attempt, which will . be 
made later, to homologise them with similar features in the 
cerebella of other mammals, let it suffice for the present to 
designate the fissures as I., I~., III. and IV., and the lobes as 
A, B, 0, D and E, in each case commencing the enumeration 
anteriorly. Of the four fissures we may consider I I. to stand 
in the first place of morphologic importance. It appears at 
an early date in all animals of which we have any embryo­
logical account. Moreover, it maintains its supremacy 
of depth throughout the whole of embryonic life, and on 
into the adult state. As has been pointed out by previous 
writei:s, it is the deepest and most constant fissnre of the 
cerebellum. 

In the hemisphere of the 23 days embryo a fissure is growing 
inwards towards fissure III. of the vermis, and is consequently 
dividing the most lateral part of the hemisphere into two some-
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what unequal parts, the more posterior of which projects the 
more laterally. 

24 clays e1nbryo, 59 mm. long (fig. 12).-To the naked eye the 
-0nly change is one of increased size and greater distinctness of 
·the fissures. I n microscopic sections the fissures are obviously 
deeper than they were in the preceding stage, and there are 
indications of a future fissure in lobe A (fig. 12, c). 

25 clays embryo, 64 m1n. long (figs. 13, 14 and 15).-The dis­
tinction of vermis and hemispheres is now very clear, aud the 
fissures are more definite. Fissure I. is now of considerable 
depth. and extends completely across the vermis. Fissures II. 
and III. have invaded the groove marking vermis from hemi­
sphere. The fissures indenting the lateral part of the hemi­
spheres are deeper and approach fissure III. a little more 
closely. Two pairs of additional fissures can be distinguished 
in lobe C, these being in the groove between vermis and 
hemisphere; one pair on the anterior slope, the other on the 
posterior (fig. 13, a, fig. 14, b). 

In sections, the fisstu:e whose beginning was seen in lobe A 
of the 24 days cerebellnm has attained some depth, and another 
fissure is forming below it. The former may be called, for the 
•present, fissure c (fig. 15). 

27 days emb1·yo, 67 mm. long (figs. 16, 17 and 18).-All the 
-fissures are deeper and much more lateral in extent. The out­
·standing projection of the hemisphere is now very sharply 
marked off from the rest of the hemisphere, and when the 
.cerebellum is viewed from the front, is becoming separated 
from a smaller eminence which has developed in connection 
with the roof of the lateral recess of the ventricle. The upper 
and larger projection we shall henc~forth speak of as the 
paraflocculus, and the . lower as the floccul1is (fig. 17). These 
terms were suggested by Stroud, and are useful as indicating 
that the two structures are not equivalent to the fiocculus of 
man. They arise each in its own particular way. The para­
fiocculus is a part of tbe hemisphere prnper. The tlocculus, on 
the other hand, has developecl in the same manner as lobe E, 
i.e. in close relationship to the Rautenlippe. 

The two lateral fissures on the posterior slope of lobe C have 
now run together in the middle line, and constitute a single 
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transverse fissure cutting the lobe into two parts (fig. 16, a, fig, 
18, a). 

28 clays (?) e1nbryo, 67 1n1n. long (figs. 19, 20 aud 21).-0n 
the posterior slope the only change is one of depth and distinct, 
ness of the fissures, there being no additions. But when the 
cerebellum is viewed from the front, it is evident that develop­
ment has here gone on more rapidly. Fissure II. is now in the 
form of a crescent, extending almost to the borders of the 
hemisphere. The fissures in the lateral parts of lobe C are 
also longer and deeper than in the stage described above. An 
additional fissure has made its appearance in lobe B. The 
paraflocculns and flocculus are separated by a still deeper de­
pression, and the paraflocculus is more sharply separated from 
the rest of the hemisphere (fig. 20). 

For the sake of subsequent description, we may indicate tbe 
fissure on the posterior slope which divides lobe C into two 
parts by the letter a (fig. 19, a, tig. 21, a). That this fissure, 
shallow though it is even in the adult rabbit, is of considerable 
morphologic importance, is brought out in the section of this 
paper which deals with the various adult cerebella. 

At birth.- At the time when the rabbit is born, the cerebellum 
is not .a replica in miniature of the adult organ, since develop­
ment progresses rapidly for some days after birth. 

The cerebellum at birth has its principal fissures of consider­
able depth, and some of its accessory fissmes have begun to 
form (figs. 22 and 23). The parafloccnlus is now completely 
surrounded by a fissure, with the exception of its posterior 
part, where there is no fissure, but merely a shallow depression. 
The floccnlus is also completely bounded by a fissure, but as yet 
its snrface is not sculptured by any lines. Fissure III. fa.des 
away in the groove or depression behind the paratlocculus, &-S 

also does fissure a (fig. 22). Even in the adult the lateral 
parts of these fissures are not deep. 

2 clays aj~IYI' birth.-After birth, as has been said, there is a 
fairly rapid change for a few days, until the cerebellum comes 
to resemble the adult organ. 

At the end of the second day the exact connection of the 
paraflocculus with the vermis is more precisely indicated. 
Fissure III. bas grown more laterally, and it is now evident 
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that the parafiocculus really belongs to lobe D. Lobe E can 
hardly be said to extend into the hemisphere at al~, fissure I V. 
disappearing in the groove between vermis and hemisphere. In 
the earlier stages this lobe was continuous, without any fissure of 
demarcation with the posterior medullary velum; but from the 
22nd day onwards it projects backwards more and more, and 
conseqnently a limiting fissure i~ formed. 

Aclitlt cmbellum (figs. 24, 25, 26 and 28).-In giving a 
description of the adult cerebellum of any animal, it is both 
convenient and rational to take fissure II. as the dividing line 
between an interior and a posterior portion. In the cerebellum 
of the rabbit this fissure lies wholly in the anterior smface, a 
surface presenting a concavity into which the mid-.brain fits. 
Fissure II. occupies a comparatively high position in the vermis, 
but slopes rapidly downwards and outwards across the hemi­
sphere to its border. Its great depth is brought out best by 
making a sagittal section of the vermis (fig. 28, II.). Below this 
fissure lie some seven folia, the two uppermost of which are 
separated from the rest by a fairly deep fissure, which we have 
seen makes its appearance about the 23rd day of intrauterine 
life, and which has been referred to in the previous paragraphs 
as fissure I. This is the deepest fissure in that part of the 
vermis which lies anterior to fissure II. When traced outwards 
it is found to fail to reach the extreme lateral border of the 
hemisphere (fig. 24, I.). .A.t a distance of two folia below fissure 
I. is fissure c (as referred to in the embryonic cerebella), not 
quite so deep as the former, but reaching the lateral border. 
From the presence of fissure c lobe .A. is divided into two 
portions, which may be called lobule A1 below the fissure, and 
lobule .A2 above it. In lobnle A1 _the folia do not extend 
farther in a lateral direction than to a line corresponding to 
the lateral limits of the vermis, i.e. 110 hemisphere can be dis­
tinguished in this part of the cerebellum. The question of 
whether there is a lingula in the rabbit corresponding exactly 
to that of man is one which seems best answered in the nega­
tive. There are certainly no folia adherent to the anterior 
meduHary velum. 

The vermis and hemispheres behind fissure II. are divided 
into three lobes (C, D and E), corresponding to those first in-.. 
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dicated in the 22 days embryo. Lobe C of the vermis usually 
curries eight folia, the majority of which are not carried directly 
into the hemisphere. The fissures between these folia are for 
the most part shallow, but two of them go to a greater depth 
than the rest, and are held to be of greater importance. Not only 
are they deeper than the others, but they appear at an earlier 
period. A reference to the 25 days embryo shows the fore­
r unners of these fissures as two pairs of depressions ; one on the 
anterior, the other on the posterior slope. In the adult brain 
the more anterior of the two occurs between folia 2 and 3 
(counting from fissure I L), and on beillg traced into the hemi­
sphere is seen to rnn for some distance pamllel to fissure II., 
into which it ultimately opens. For more immediate purposes 
we shall speak of this fissure as fissure b (fig. 24, b, fig. 28, b). 
An offshoot leaves it in the groove between vermis and hemi­
sphere, and curves outwards and backwards to the border of 
the hemisphere. 

The other rleep fissure of lobe C separates folium 6 from 
folium 7, and corresponds to the fissure resulting from the union 
of the pair of grooves on the posterior slope which first appeared 
on the 25th day, and which met in the vermis two days later. 
This has already been referred to as fissure a. In the adult it 
can be traced to the outermost limits of lobe C. If we recognise 
the fissures just · mentioned as being of importance, it follows 
that lobe C must be looked upon as consisting of three portions 
or lobules. These, for the present, will- be called lobules C1, 

C2 and C3, starting the enumeration anteriorly. 
The fissure between lobes C and D (fissure III.) is of moderate 

depth in the midille of the vermis (fig. 28, III.), bnt becomes 
very shallow at its latera~ borders. In some specimens, how­
ever, there is not much difficulty in tracing its curved course 
outwards and upwards tintil it is lost in the deep fissure which 
separates the paraflocculus from the rest of the hemisphere. 
Lobe D is confined to the vermis, but in most specimens there 
is a low white ridge connecting it with the parafiocculus. Its · 
surface is formed by three folia (sometimes a shallow fissure 
divides the lowest folium into two). Of the two fissures 
between these folia the lower is slightly the deeper, and the 
lower folium extends rather farther towards the hemisphere 
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-than the other two. These facts are mentioned because of the 
belief that lobe D of the rabbit corresponds to two lobules in 
more complicated cerebella. 

Lobe E is entirely confined to the inferior aspect of the 
-cerebellum, and, like lobe D, has no direct continuation into 
the hemisphere. 

The paratlocculus p1·ojects markedly from the lateral part 
-of the hemisphere, from which it is separated by a deep 
fissure in front and above, and by a depression behind. It 
is entirely enclosed in a special fossa formed by the temporal 
bone (lobulus petrosus). As has been seen in tracing its 
-development, it is really a piece of the hemisphere which has 
been cut off from the rest. Its developmental connection with 
lobe D is a point upon which it is desired to lay emphasis. 

The fiocculus consists of tw0 or three folia, seen best when 
the cerebellum is viewed from the front, and lying anterior 
to the parafiocculus (fig. 25). 1t is in contact with the lateral 
extremity of lobe B, from which it is separated by a fissure 
which contains the middle cerebellar peduncle (fig. 24). 

Lepus timidus (tig. 27).-The differences between the cere­
bellum of the rabbit and that of the hai-e are not perhaps 
very great, but they seem sufficiently important to merit 
mention. Lobes A, B and C are practically identical with those 
-of the rabbit. . Lobe C has again eight folia in the vermis, and 
.a fissure, a, deeper than the rest, separates folia 6 and 7. This 
fissure is much more definite in hemisphere of the hare than 
it is in the rabbit. 

The most important differences exist in lobe D. Here the 
number of folia is at least four, as agaiust three in the rabbit; 
.and the uppermost of the four is more definitely joined to the 
parafiocculus by a ridge which is slightly foliated along its 
upper border as it approaches the paratlocculus. This fact is 
mentioned as being the ground upon which the statement, that 
in the adult rabbit lobe D is connected with the paraflocculus, 
is based. In many specimens of the rabbit's cerebellum the 
.adult connection is obscure; therefore the evidence afforded 
by the brain of the hare is welcome. 

Before passing to the consideration of the development of 
the much more complicated cerebellum of the pig, it is perhaps 
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well to describe those adult cerebella which are built on the 
same or similar li.nes as obtain in the rabbit. 

Sore.--c vidga1-is (fig. 29).- As previously stated, apparently 
the simplest form of mammalian cerebellum is found in the 
shrew and some of the bats. An examination of sagittal 
sections of the sinew's cerebellum shows that the vermis is 
divided into fine lobes by four fissmes, i.e. that the numerical 
condition as fo1md in the brain of a rabbit embryo of about 
24 days is maintained into aclnlt life. Fissme I. is of moderati 
depth, bnt does not extend much, if at all, beyollCl the vermis. 
Fissure II., on the other hand, is very deep, and passes far out 
into the hemisphere. Its importance as a morphologic entity 
probably stands out more plainly in the shrew, and some few 
animals with a similar simple cerebellum, than it does in many 
of those in which the fissures are niore numerous. 

:Fissure III. is the shallowest of ihe fissures of ihe vermis, 
and does not invade the hemisphere, or at any rate only slightly. 
There is a fissure in the hemisphere occupying a corresponding 
position, bnt microscopic sections show that there is no tmion 
of the two. Fissure IV. very early disappears in a series of 
sections. There is a projection, from the lateral part of the 
hemisphere, enclosed in a cell in the temporal bone, and 
doubtless corresponding to the paraHocculns of the 'rabbit. It 
seems very doubtful if a fioccnlus proper is developed. 

Erinaceiis Ei111·opceu,s (figs. 30, 31, 32, 33 and 34).-The 
hedgehog has a cerebellum which, in degree of complexity, may 
be considered to stand between that of the shrew and that of 
the rabbit. The vermis is divided into five lobes by four 
fissures, of which the second (fissure II.) is by far the deepest. 
This is visible in the vermis when the cerebellnm is examined 
from above, but it leaves the dorsal to gain the anterior surface­
in the shallow groove which. marks vermis from hemisphere. 
In the hemisphere it slopes rapidly downwards and outwards, 
in much the same manner as in the rabbit. Fissure I. is second 
in point of depth. Unlike the corresponding fissure in the 
rabbit, it reaches the borders of the hemispheres. Fissures 
III. and IV. are of moderate depth, and run into one another 
at the lateral boundary of the vermis. 

Lobe A is, as a rule, beset by three folia, and, unlike th& 
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corresponding lobe in the rabbit, is not divided by a fissure, c. 
Lobe B has never more than two folia, so far as can be 
g,~thered from an examination of some ten brains. Lobe C 
has five folia in the vermis, the four anterior of which are 
separated from the fifth by a fissure which corresponds to ci in 
the brain of the rabbit, and which is continued into the 
hemisphere in a like manner. Lobe C, anterior to fissure n, 
becomes much expanded in the hemisphere, and its folia are 
increased in number. The folium behind fissure a retains its 
single character after its prolongation int,o the hemisphere 
(lobule 03): Lobes D and· E have each two folia, and are 
confined to the vermis. 

The paraflocculus is fairly well marked, but does not produce 
t he projection (lobulus petrosus) which is so prominent in the 
rabbit. The flocculus is rather smaller in the hedgehog than 
in the rabbit, but has approximately the same position and 
shape as in the latter animal. Sagittal sections show very 
clearly the close relationship of this lobule wit-h the posterior 
medullary velnm. As successive sections are examined in a 
direction away from the vermi<i, the velum is seen to become 
thickened by grey matter, which is directly cont,inuous with 
the grey matter of the flocculns. 

1'alpa Ewro-prea (figs. 35, 36 and 37).-Iu the vermis of the 
cerebellum of the mole, the four fundamental fissures are easily 
distinguished. .Fissure I. is relatively a slightly greater depth 
than in either the rabbit or the shrew. It is, as usual, limited 
to the anterior surface, and runs almost vertically downwards 
in the line of boundary between vermis and hemisphere. 
Fissure II. is of very considerable depth. I ts course is very 
sinuous, beginning 011 the anterior surface of the vermis, then 
taking a sharp bend backwards over the anterior superior 
border of the cerebellum to gain the dorsal smface, where it 
again turns sharply forwards and outwards to once more become 
included in the anterior surface, down which it runs almost 
vertically. Fissure III. is more distinct than in the shrew, 
Fissure IV. is of about the same depth as in Sorex. 

Lobe A is almost entirely in the vermis, though it expands 
a little in the lower part of the anterior surface. Its surface 
possesses two fissures, the lower of which is more pronounced, 
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and may possibly be comparable to fissure c of the rabbit; a 
fissure not represented in the shrew. Lobe B is constricted in 
the vennis, where it is constituted by a single folinm; but, 
owing to the erratic comse taken by :fissure II., it expands 
considerably in the hemisphere. That part of lobe C which 
is included in the vennis is comparatively extensive. This 
lobe is constricted at the junction of vermis and hemisphere, 
to become again extensive in the hemisphere itself. There 
are a few shallow fissures in the vermis, but one of them is of 
slightly greater depth than the rest, and corresponds to fissure a. 
Lobule C3 cousists of a narrow folinm in the vermis, but 
-expands in the hemisphere (fig. 35). This is a point of some 
moment, because in the more complicated cerebella, to be 
hereafter described, the expansion of this particular lobule in 
the hemisphere is a prominent feature. Lobes D and E are 
simple and call for no remark, except that a very thin and 
narrow band runs outwards and forwards from D, but is 
entirely hidden by the bulk of the hemisphere. This baud 
extends as far forwards as the base of the paratlocculus. 

The paraflocculus is in tbe form of a rounded lobule, with 
fissured smface, connected with the hemisphere by a narrow 
neck, and enclosed in a fossa of the temporal bone. No flocculus 
can be made out with certainty. 

M1ts decurnaniis (figs. 38, 39, 40 and 41).-The cerebellum 
-of the rat is decidedly more complicated than that organ in the 
mole or hedgehog, and approaches more nearly that of the rabbit. 
Fissures I. and II. resemble those of the rabbit, except that I. 
always reaches the margin of the hemisphere, and the central 
part of II. is visible of the dorsal surface. Fissures III. and IV. 
are also very similar to those of the rabbit's cerebellum. 

Lobe A is divided into two parts by a fissure, c, which is 
almost as deep as I. The upper part of this lobe (lobule ~) 
has two folia; the lower part (lobule A1) a variable number, 
separated by shallow fissmes (fig. 41). Lobe B has two folia, 
and resembles the like lobe in the rabbit both in position and 
size. In lobe C there is a deep fissure, a, cutting the vermis to 
almost the same depth as fissure III., and separating a single 
folium, which is continued into the hemisphere. The rest of 
lobe C, which is contained in the vermis, has about three Eolia, 
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of which the most anterior is the largest. A definite fissure, b, 
cannot be made out. The hemisphere part of lobe 0 , anterior 
to fissme a, is of considerable size. Lobes D and E are confined 
to the vermis, the former having three folia, the latter two. 

The paraflocculus projects from the hemisphere by a narrow 
neck, and is received into a fossa in the temporal bone, the· 
investment of bone being less close than in the rabbit. There­
is a small, simple flocculus lying anterior to the paratlocculus, 
and touching the lateral borders of lobes A and B. 

In the mouse (Mus mUSC1.tlus) the cerebellum very closely 
resembles that of the rat. The paraflocculus has possibly a. 
slightly narrower neck and is more closely invested by bone. 

Arvicola amphibius (figs. 42, 43 and 44).-The water-vole 
has a cerebellum which differs from that of the brown rat in 
minor points only. Its fissures are the same in number. As a 
rule, fissure I. does not quite reach the border of the hemisphere. 
Lobe A is divided by a fairly deep fissure, c. Lobule A2 has two 
folia, lobule A1 only one. Lobe B is narrow (as in the rat), 
and possesses two folia in the vermis. The vermis portion of 
lobe O has six folia, fissure a separating the sixth from the rest. 
The sixth folium (constituting the central part of lobule 0 3) is 
continued into the hemisphere without either increase in size or 
accession of fissures. There is possibly a fissure, b, placed between 
the 2nd 11,nd 3rd folia, and continued outwards and forwards into 
the ani,eri6r surface of the hemisphere. 

Lobes D and E are limited ,to the vermis, D having two 
folia, E only one. The paraflocculus and fiocculus are almost 
identical with those in the rat. 

The cerebellum of the field-vole (Arvicola agrestis, fig. 45) 
only differs from that of the water-vole inasmuch as its folia are 
fewer in number. 

Pte1-cpus poliocephalii,3 (figs. 46, 4 7, 48 and 49).- A sagittal sec­
tion through the middle of the vermis of this large bat discloses 
an arrangement of lobes not very unlike that of the hedgehog. 
The number of lobes and fissures is the same, but the folia are 
somewhat more numerous. Fissure I. is rather shallow, but 
fissure II. is of great depth ; of fissures III. and IV. there is 
nothing remarkable to note. Lobe A is small and carries about 
three folia. There is apparently no fissure c. Lobe B, on the 
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other hand, is large, ancl is provided with five or six folia. There 
are seven folia in the vermis in lobe C, the seventh of which is 
separated from those anterior to it by an unmistakable fissure 
a: This single folinm of the vermis is counected with two folia 
iu the hemisphere. I n Talpa, lobule C,1 increased in size in the 
hemisphere, but did not acquire any intrinsic fissmes. Iu 
Pteropus it also expands, a11d in addition is sculptured by a 
fissure. It seems good to call attention to this point,, in the 
light of other facts presently to be set forth. Lobes D and E 
belong exclusively to the vermis; the former has three folia, 
the latter two. 

A noteworthy development appears in the paratloccnlns. It 
consists of two parts, au upper and a lower. In the cerebella 
to be described in the following pages, the morphologic import­
~uce of this feature of the parafiocculus will become evident. 
The lower portion of the parafiocculus of Pte1·opus consists of a 
lobulus petl.'osus; i.e. it projects into a bony fossa and has a 
narrow neck. Both portions of the parafloccnlus are foliated 
(figs. 46 and 47). The flocculus is small, and divided into two 
by an almost vertical fissul'e, only seen when the cerebellum is 
viewed from the side. 

It is interesting to notice the great difference in the cere­
bellum of the Megachiroptera as shown in Pteropus, and 
that of the Microchiroptera as exemplified in Ves-per'l.l{JO 

pipestrellus, described and figured by Miss Arnbach-Ohristie­
Liude (3). Vesperugo has a cerebellum not more complex than 
that of the shrew, whereas the cerebellum of Pteropus is as 
complex as that of the rabbit, or possibly more so. 

Sciuru,s 1JUlgaris (figs. 50, 51, 52 and 53). - The squirrel 
offers a most instructive degree of complexity in the fissures 
and lobes of its cerebellum, inasmuch as it exhibits a condition 
intermediate between the simpler forms, which have already 
been described, ancl those of a more complicated nature, still to 
l;>e considered. For this reason the squirrel's cerebellum is 
peculiarly serviceable to anyone desiring to establish homologies 
in the lobes and fissures of mammals in general. 

Fissur.e I. in the squirrel, as in the rabbit, stands second in 
point of depth. .A.lso, as in the rabbit, it fails to reach the 
margin of the hemisphere. Fissure II. is far and away the 
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deepest of all the fissures. It is visible in the vermis, on the 
dorsal surface; but turning forwards abruptly, it runs down the 
anterior surface of the hemisphere, with only a slight degree of 
obliquity. Fissure III. is of considerable depth, and on reaching 
the border of the vermis, turns at almost a right angle, and 
runs nearly vertically downwards for some distance. Then, 
curving outwards and afterwards forwards, it is traceable into 
the deep fissure separating the paraflocculus from the hemi­
sphere (figs. 51 and 52, III.) . . Fissure IV. resembles the same 
fissure in the rabbit, and offers no noteworthy feature. 

The greatest interest centres itself in the lobes. Lobe A is 
of considerable size, consists of five folia, and is indented by a 
fissure, c, between the 2nd and 3rd folia. Another fissure, of a 
depth almost equal to that of c, occurs at a distance of two folia 
below the latter. Lobe B consists of three or four folia and is 
not very noteworthy. Lobe C has five folia in the vermis. The 
anterior four expand in the hemisphere, in the customary 
manner, and are separated from the fifth by a fissure, a, The 
Mth folium, instead of remaining as a single folium when traced 
into the hemisphere, as in the rabbit, suddenly expands and 
f<?rms a not inconsiderable lobule, clearly differentiated from the 
re::;t of lobe C by a continuation of fissure a (fig. 52). Lobe D 
is relatively large and carries six folia. It is divided into two 
approximately equal parts by a fissure of a depth only slightly, 
if at all, inferior to that of fissure III. We shall refer to this 
latest fissure as d in future descriptions, as its value as a 
division between parts of the vermis is unquestionable (figs. 
51, 52 and 53, d). That part of lobe D which lies above fissure 
d (and which we may call lobule D1) consists of two folia, which 
becoming one, curves round the inferior border of lobul~ C3, and 
losing its grey cortex, gives place to a white ridge passing 
directly to the upper part of the paraflocculus. That part of 
lobe D inferior to fissure d (known in the succeeding descriptions 
as lobule D2) is not continued into the hemisphere. Lobe E is 
comparatively small, and consists of only one definite folium. 

The paraflocculus is large when compared with the similar 
lobule of the cerebella already described, and presents the 
appearance of a rounded foliated band which bas been doubled 
upon itself and placed with its long axis approximately in the 
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direction of the long axis of the head. 'l'he bend is in froul 
(figs. 51 and 52). The fiocculus is small and compressed. It 
lies below the parafiocculus, and can only be seen from the side 
or front of the cerebellum. 

The points in the foregoing description to which it is desired 
to draw especial attention are as follows :-(1) The increasing 
complexity of lobe A as compared with the same lobe of all the 
other animals-so far discussed. (2) The considerable expansion 
iu the hemisphere of lobule 03• (3) The division of lobe D 
into two parts by the fissure cl, and the lateral continuation of 
the upper part (loLnle D1) of this lobe. (4) The arrangement 
of the paraflocculus in the form of two parallel portions, con­
tinuous with each other in front, and the connection of lobule 
D1 with the upper portion of the paratlocculus. 

The cerebella which remain to be described are all built on 
much more complicated lines than are those which have been 
passed under view in the foregoing sections. This being so the 
examination of the development of the fissures in an animal 
possessing a richly fissured and foliated cerebellum in adult We 
will greatly aid in the task of recognising homologies. There­
fore pig embryos will be examined, with a view to noting the 
time and order of appearance of the various fissures. 

('1.'o be continued.) 
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PLATES XII.- XVI. 

EXPLANATION OF FIGURES. 

In all the figures the same letters and figures are used for corre­
;ponding fissures 01· lobes. The applic:ition of the letters and fignres 
s explained in the text. 

p.m.v. (in figs. 1 and 3) = posterior medullary velum. 
a.m.v. (in figs. 4 and 7 ) = ant!lrior me•lullary velum. 
ch.pt. (in figs. 1, 2 and 3) = choroid plexus. 
All the secUons (with the exception of that shown in fig. 2) are in 

the median plane and sagittal in direction. 

Fig. 1. Rabbit embryo, 18, days, 21 mm. Mesia! sagittal section 
through the cerebellar lamina. 

Fig. 2. Same embryo. Sagittal section whe1·e the cerebellar lamina 
and the medulla are joining. lat. rec. = lateral recess. 

Fig. 3. Rabbit embryo, 20 days, 37 mm. :M:esial sagittal section 
through the cernbellar lamina. 

Fig. 4. Rabbit embryo, ~l days, 42 mm. Mesial sagittal section. 
Fig. 5. ,, 22 days, 50 mm. Posterior view. x 2. 
Fig. 6. 22 days, 50 mm. Left lateral view. x 2. 
Fig. 7. ,, 22 days, 50 mm. Mesia! sagittal section. 
Fig. 8. ,, 23 days, 50 mm. Posterior view. x 2. 
Fig. 9. 23 days, 50 mm. Anterior view. x 2. 
Fig. 10. ,, 23 days, 50 mm. Mesial sagittal section. 
Fig. 11. ,, 55 mm. Mesial sagit tal section. 
F ig. 12. ,, 24 days, 59 mm. l\1:esial $agittal section. 
Fig. 13. ,, 25 days, 64 mm. Posterior view x 2. 
l<'ig. 14. ,, 25 days, 64 mm. 1\.nterior view. x 2. 
Fig. 15. ,, 25 days, 64 mm. Mesial sagittal section. 
Fig. 16. ,, 27 days, 67 mm. Posterior view. x 2. 
Fig. 17. 27 days, 67 mm. Anterior view. x 2. 
Fig. 18. 27 days, 67 mm. Mesial sagittal section. 
}'ig. 19. 28 <lays (1) 67 mm. Posterior view. x 2. 
Fig. 20. ,, 28 days (1) 67 mm. Anterior view. x 2. 
Fig. 21. ,, 28 days (1) 67 mm. Mesia! sagittal section. 

· Fig. 22. Rabbit, 30 hours after birth. Posterior view. x ~-
Fig. 23. ,, 30 hours after birth. A11tr.rior view. x 2. 
Fig. 24. ,, adult. Anterior surface. x 2. 
Fig. 25. ,, Left lateral snrface. x 2. 
Fig. 26. Posterior surface. x 2. 
Fig. 27. Le1;~s timidus. Posterior view. x 2. 
Fig. 28. Rabbit, adult. Mesial sagittal section. 
Fig. 29. Sorex vulgaris. Mesial sagittal section. 
Fig. 30. Erinaceus Europreus. :Mesial sagit tal section. 
Fig. 31. ,, ,, Anterior surface. x 2. 
Fig. 32. ,, ,, Left lateral view. x 2. 
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Fig. 33. 
Fig. 34. 
Fig. 35. 
Fig. 36. 
Fig. 37. 
Fig. 38. 
Fig. 39. 
Fig. 40. 
Fig. 41. 
Fig. 42. 
Fig. 43. 
Fig. 44. 
Fig. 45. 
Fig. 46. 
Fig. 47. 
Fig. 48. 
Fig. 49. 
Fig. 50. 
Fig. 51. 
Fig. 52. 
Fig. 53. 

THE MAMMALIAN CEREBELLAR FISSURES. 

El'inaceus Europreus. Superior view. x 2. 
,, ,, Posterior view. x 2. 

Talpa Europrea. Superior-posterior view. x 2. 
,, Anterior surface. x 2. 

Mesia! sagittal section. 
Mus 'ci.ecumanus. Posterior view. x 2. 

,, Superior view. x 2. 
,, Anterior surface. x 2 
,, M esial sagittal section. 

Arvicola amphibius. Superior surface. x 2. 
,, ,, Anterior surface. x 2. 
,, ,, Mesia! sagittal section. 

Arvicola agrestis. Mesial sagittal section, 
Pteropus poliocephalus. Superior view. x 2. 

,, 
,, ,, 

Posterior view. x 2. 
Anterior surface. x 2. 
Mesia! sagittal section. 

Sci~~us vulgarl~. Anterior surface. x 2. 
,, 

" ,, 

Superior view. x 2. 
Posterior view. x 2. 
Mesia! sagittal section. 
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ON THE DEVELOPMENT AND HOMOLOGY OF THE 
MAMMALIAN CEREBELLAR FISSURES.1 By 0. 
CHAHNOCK BnADLEY, M.B., P1·0Jess01· of Anatomy, Royal 
Veterina1'Y College, Edinburgh. (PLATES XVII.- XXIII.) 

PART Il-PIG. 

40 days embryo, 52 mm. long (figs. 54, 55 and 56).- At this 
stage the cerebellum of the pig embryo bears a certain likeness 
to that of the rabbit on the 20th day of gestation. No· fissures 
are visible to the naked eye, but when sections are made and 
microscopically examined there is noticed a somewhat thin lip­
like plate projecting from the lower posterior corner of the 
section of the cerebellar lamina (fig. 56). This is comparable 
in every respect to the same feature in the rabbit's brain on 
the 20th day, and. there develops a homologous lobe in con­
nection with it. 

44 days emb?iJO, 64 mm,. long (figs. 57, 58 and 59).-Develop­
ment has proceeded rapidly during the interval between the 
last stage and the present. A naked-eye examination shows a 
sufficiently clear distinction between the future vermis and 
hemispheres. There is also visible on the anterior slope a 
fissure (II.) of considerable length (fig. 58). Microscopic sagittal 
sections show fissure IV. as before, and fissure IL of some depth. 
There are also possibly faint indications of two other fissures 
in that part of the vermis. lying between II. and IV. There is 
as yet no trace of a separation of a paraflocculus from the 
hemisphere. 

48 days emb?iJO, 80 mm. long (figs. 60, 61 and 62).-Develop-

' The work, of which the present pnper is the outcome, was done by the 
writer as a Research Student of the University of Edinburgh. 
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ment has again progressed rapidly ; indeed, it is something of 
a misfortune that a stage intermediate between 44 and 48 dayg 
could not be obtained. But though this is a misfortune, it is 
not one which offers any insuperable difficulty in the solution 
of the problem before us. 

An examination of a 48 days cerebellum reveals a fissure (II.) 
which is prolonged for some distance into the hemisphere. 
Below it the two other fissures are faintly marked. These 
develop into fissures I. and c. On the posterior slope there 
are two faint fissures in the vermis. Subsequent development 
shows that these become fissures III. and d. In the hemisphere 
there is an indication of a fissure, which, growing inwards from 
the lateral part of this portion of the cerebellum, ultimittely 
demarcates the paraflocculus. Another faint foreshadowing ol 
a fissure is also seen indenting the margin of the hemisphere 
anterior to the one just mentioned. This latter, growing in'. 
wards, ·ultimately forms part of fissure a (fig. 60, a). 

Microscopic sections afford additional evidence as to the 
actuality of the faint depressions seen with the naked eye 
(fig. 62). They also show that a number of fissures· are abo·ut 
to complicate that portion of lobe A which lies below fissure , 
(lobule A1) . Lobe E has increa1:;ed in volume, and is now, in 
consequence, sharply defined from the posterior medullary 
velum. A flocculus is becoming evident, and its development 
from the boundary of the lateral recess is clearly indicated. Its 
boundaries are not as yet rigidly set down, but it reveals itself 
as a thickening and bulging in the region in which, in the 
future, it is to become conspicuous (fig. 61 ). 

E1nbryo, 86 mm. long.- In the cerebellum of an embryo of 
86 mm. in length ( of which the age is not certainly known, 
but is estimated at about 50 days) the anterior surface is quite 
i;ichly fissured. Fissure II. now reaches the extreme margin of 
the hemisphere, and fissure I. almost does so. On the posterior 
slope, fissure a runs completely across the cerebellum, but is 
shallow at the junction of vermis and hemisphere. . Fissure III. 
crosses the vermis and invades the groove between .it and the 
hemisphere. The fissure which is about to cut off the para­
flocculus is deep, and is growing inwards towards fissure Ill 
of the vermis, with which it finally becomes continuous: ·; 
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Fissure d is, if anything, rather longer than fissure Ill. The 
parafiocculus forms a distinct projection, and is now clearly 
separated from the flocculus. Sections show that lobe B is 
becoming 'divided by a shallow transverse fissure. 

51 days embryo, 88 mm,. long (figs. 63, 64 and 65).-The 
difference between this and the above stage is only one of depth 
of fissures. 

55 days emb1-yo, 100 mm. long (fig. 66).-To the naked eye 
the fissures have obviously deepened since the 51st day, but no 
new ones can be made out. Sections, however, show •that :a 
.fissure,. b, has begun to invade that part of lobe C which is in 
the vermis. It seems likely that this fissure first made its 
appearance, on the anterior slope of the hemisphere, about the 
48th day (fig. 61), and that the two parts gradually grevi 
together in the vermis. It is interesting to notice at what 
au early period fissure a came into existence, and how com­
paratively late fissure b is in making its appearance in the 
vermis. This should be compared with the constancy of the 
former fissure in the cerebella of the type of the rabbit, and 
the inconstancy or difficulty of determination of fissure b in 
the cerebella of the same order of complexity. 

The fissures in lobule A1 are now of considerable depth. 
Lobule A2 retains its comparatively small size. Lobe B is 
larger, and contains a moderately deep fissure, which is the 
forerunner of a like feature in the adult brain. 

59 days embryo, 118 m,m. long (figs. 67, 68 and 69).-As in 
the r!l,bbit, the anterior part of the pig's cerebellum bas advanced 
more rapidly than the posterior part during the earlier stages 
of development. By the 69th day the anterior surface is bear­
ing · a strong resemblance to the adult condition, but the 
posterior part is still comparatively simple. Fissure b is now 
of some depth and can readily be recognised by the unaided eye. 
Fissure a has . gained considerably in depth. Fissure III. has 
become continuous with the lateral fissures, which, making an 
early appearance, first indicated the limits of the parafiocculus. 

Fissure d is of great laternl extent, being indeed the longest 
fissure of the cerebellum at this stage (with the possible 
doubtful exception of fissure II., which has a curved course). 
Fissure d, it should be noted, is growing forwards into the 
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paraflocculus, which is, by it, being divided into an upper and 
a lower part, connected together in front (fig. 67). It is desired 
to emphasise the fact that there is a strong, well marked 
connection between lobe D ancl the paraflocculus. This 
connection at this stage is not confined to the part of lobe D 
above fissure d (lobule D1), but belongs to the entire lobe. 
Nothing could show more clearly that the paratlocculus and 
lobe D are parts of one and the same morphologic unit. This 
point is illustrated much better in the pig than it was in the 
rabbit. 

The parai-locculus has enlarged, and its anterior surface shows 
signs of foliation ( fig. 68 ). 

65 d,ays embryo, 132 1n1n. long (figs. 70, 71, 72, 73 and 74).­
The anterior surface has now very closely approached the adult 
condition, both in its external appearance and also in those 
features which can only be adequately appreciated by means 
of sagittal sections. 

Fissure II. is of great depth, its lowest part being not far 
removed from the summit of the roof of the 4th ventricle 
(fig. 74). Lobe B shows definite evidence of its future bipartite 
condition. Lobule A1 has now lost its former arrangement of 
indefinitely arranged folia, and has collected them into three 
sub-lobules such as are found in the adult brain. Fissure b 
is now of some depth, and fissure a makes an important 
landmark on the posterior slope. Fissure d is deeper than 
fissure III., and both parts of lobe D are becoming foliated 
(fig. 74). Lobe E remains relatively small and simple, but 
is now separated from the posterior medullary velum by a 
conspicuous fissure. 

The paraf-locculus is now divided into two parts, both of 
which are now foliated. The whole lobule now closely 
resembles the same lobule in the adult squirrel. The division 
into two parts has obviously been brought about by an ex­
tension in a forward direction of fissure cl. This extension 
was beginning in the previous stage. The upper part of the 
paraflocculus is connected with lobule D1 by a rounded non­
foliated ridge. The connection between lobule D2 and the 
lower half of the paraflocculus has almost become obliterated, 
but it should be kept in mind that such a connection did at 
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one time exist. The flocculus is small and, to the naked eye, 
not yet provided with folia. On examining microscopic sections, 
however, slight fissures are found to exist. 

70 days e1nlrryo, 150 1n1n. long (fig. 75).-Except iu richness 
of foliation, no marked change has occurred in that part of the 
cerebellum which is anterior to fissure II. The posterior 
portion of the organ, however, has now entered into a more 
active phase of development, and is rapidly assuming the adult 
appearance. That part of lobe C which is anterior to fissure a 
(lobules 01 and 02) has grown considerably in a lateral 
direction. Further, the vermis portion has also grown so much 
in an antero-posterior direction that it can no longer be 
accommodated in the strict mesial plane, but has become 
distorted by being thrust over Lo one side. Fissure b is now 
a very important feature. It extends all the way across the 
cerebellum. Lobule 03 has also altered considerably in appear­
ance. It no longer forms a band of practically imiform width, 
running from one margin of the cerebellum to the other. It 
now fails to extend as far laterally as the more anterior part 
of lobe C. Its vermis portion has increased in volume in a 
sagittal direction, and, like that part of the vermis immediately 
in front of it, is now distorted by being pushed to one side. 
The hemisphere portions, too, have enlarged in a sagi.ttal 
direction, and are now in the form of rounded masses, connected 
with the vermis by a comparatively narrow isthmus. This 
lobule has therefore come to resemble that of the squirrel. 

The two parts of lobe D have also enlarged, and their folio. 
are more numerous. The connection between lobule D1 and 
the. corrasponding part of the paraflocculus is still smooth. 
Lobe E remai.J.1s small, and to the naked eye appears to have 
no connection with the flocculus beyond that established by 
means of the posterior medullary velum. But microscopic 
sections show that there is .still a low smooth ridge running 
between the two structures. 

The parafl.occulus bas not increased much in size, and, 
because of the lateral expansion of lobe C, is now not so 
prominent a feature on the lateral surface of the hemisphere. 
The fl.occulus is still small, and to the naked eye smooth. 

Embryo, 165 mm. long, a,ge unkrwwn (figs. 76, 77, 78, 79 
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and 80).- This is the last embryonic stage which .it is necessary1 
to examine, as it brings us within a short distai:ce of , the 
condition of the adult cerebellum. Lobule A1 is now certainly 
composed of three sub-lobules, the uppermost of which has 
beyond doubt an extension into the hemisphere. One single 
small folinm still adlieres to the anterior medullary velum, 
and therefore may possibly be looked upon as an attenuated 
example of a lingnla. Lobule A2 is relatively small, and has a 
rather shallow fissme dividing it into two parts. Fissure II, 
begins on the dorsal surface of the vermis ; curving forwards; 
at the lateral boundary of the vermis, it runs obliquely down 
the anterior surface. Lobe B is divided into upper and lower 
portions by a fairly deep fissure, whose advent has been noted 
in earlier stages. Lobe C has again made great advances. So 
much is this the case that lobule 02 is very considerably, 
distorted. · Lobule 03 is 110w clearly divided into three parts­
one in the vermis and one in each hemisphere-connected by 
nfl.rrow bands, The connection between lobule D1 and the 
upper part of the paratlocculus is becoming slightly marted 
by fissures, and has become in part hidden by the _posterior 
extremity of lobe C. 

The paraflocculus is now qui
1

te complicated, from the presence 
of numerous folia; but there is no difficulty in recognising im 
constitution as two tiers. The tlocculus is now foliated. 

Aclult cerebellum (figs. 81, 82, 83 and 84).-Having traced. 
the development of the fissures and lobes up to an advanced 
stage, it does not seem necessary to give an additional detailed 
description of the adult organ. It will suffiqe to briefly in<licate 
the changes which have occurred since the 165 mm, stage. 

The cerebellum anterior to fissure II. has not undergone any 
radical change. It bas taken additional folia upon itself, but 
that is all. In the posterior part of the cerebellum more 
decided changes ha:ve occurred. Fissure bis now very distinct 
crossing vermis and hemisphere, and reaching the border of .the 
l~tter. A further displacement of the vermis portion of lobe 
C has taken place, so that in the adult brain fissure a is' 
d_ecidedly oblique. The connections between the vermis and_ 
bemispb~re portions of lobule C3 have becoll).e very much reduced. 
Th!3 ~pper part of lobe D bas shared in-the general distortion of 
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this region of the vermis. Its connection with the parafloccnlus 
now consists of a transversely foliated ridge (fig. 8:3). Lobule 
D2 has merely increased in size and become more thickly foliated. 
Lobe E remains very small and inconspicuous (fig. 84). 

In many cerebella the paraflocculus has become a somewhat 
jumbled collection of folia, but in most brains it has retained 
a closer resemblance to its earlier condition. There is usually 
little clifficulty in tracing its two-tiered character, but it appears 
as though the lower tier had been turned forwards at its pos­
terior end. The flocculus in the adult is in the form of a row 
of vertically placed folia, and runs in au antero-posterior direc­
tion, immediately below the paraflocculus. Its extremities only 
are visible when the cerebellum is looked at from before or from 
behind. 

Having' now learnt the characters of the fissures and lobes in 
the pig, we are·in a position to examine those cerebella wh1ch are' 
constructed after a similar plan. 

M11,stela ftiro (figs. 85, 86, 87 and 88).-In this animal is 
a good example of the backward retreat that fissure I I. makes in 
some of the more complex cerebella. The vermis is about 
equally voluminous in front of and behind tlJ,is fissure, this 
being the result of an increase in the number of lobules in the 
more anterior section of the vermis. 

'Lobe A is, divided into two slightly unequal parts by a fissure, 
c, which is ali:nost entirely visible when the cerebellum is looked 
at from the front, and which reaches the margin of the hemi­
~phere. Lobule Al is divided into two parts, each carrying two 
or three folia. Lobule A2 is also divided into .two portions, but 
the fissure is not· so deep as that in lobule Ai· Lobe B is cut 
by a curved fissure which almost reaches its lateral boundaries. 
It will be· seen· that lobes A and B are very similar to the 
corresponding l.obes in the pig, except that the lower component 
of A is: divided into two instead of three sub-lobules. 
• Lobe C forms a very considerable constituent of the hemi­

sphere. It has fissures a an~ b, but the lobules in the vermis 
between a and band a and III. are comparatively simple; i.e.­
they are not developed .to such a,n extent that their accommona­
t~on necessitates distortion df the ·ve1,mis. The connection 
between vermis and hemisphere segments of lobule 03 is very 
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narrow, as in the pig, and partly or wholly concealed. Lobes 
D and E are confined to the vermis; and D is divided into two 
lobules by a fissure, cl. 

The paraflocculus is arranged in the form of two tiers of folia 
joined together anteriorly. From the lower tier a lobulus 
petrosus projects for some distance. The connection between 
paraflocculu;; and lobe D cannot be made out in the adult. It is 
somewhat difficult to satisfactorily distinguish a flocculus, but 
it is apparently present, and visible when the cerebellum is 
viewed from the side o·r from behind. 

Mustela e1minea and 111. vi,lga1·is have both been examined, 
but they so closely rernmble 111. jiwo that no further description 
is necessary. 

111eles taa,-us (figs. 89, 90,_ 91 and 92).-As compared with 
lobe B, lobe A is smaller in the badger than it is in the 
pig. Only a comparatively small portion of it is visible on 
the anterior surface of the cerebellum. Lobule A2 is also small. 
Below fissure c there are two groups of folia, that group lying 
more inferiorly being further partially divided. 

Lobe B is large, and divided by a deep fissure into upper and 
lower lobules, each of which is again somewhat cl(')eply indented 
by a fissure (fig. 92). 

In lobe C, fissure b extends to the border of the hemisphere, 
as it does in the pig (fig. 90). Lobule 02 consists of a vermis 
p9rtion, whose folia-unlike those of the pig-run transversely; 
and a hemisphere part, considerably removed from the vermis, 
because of the large development of those parts of lobule 03 

which belong to the hemisphere. The three segments of lobule 
0 3 are very unequal in size, the hemisphere portions being 
very extensive. There is practically no distortion of lobule 03 

in the vermis (fig. 91). Lobes D and E call for no special remark 
The double character of the paraflocculus is very evident, the 
two portions being arranged in an oblique plane, and very 
clearly continuous in front (figs. 89 and 90). The connection 
between paraflocculus and vermis is very difficult to establish. 
In the brain examined, a very prominent lobulus petrosus was 
present on the right side, and was received into a fossa formed 
by · the temporal bone. On the left side the corresponding 
lobule was curved forwards underneath the lower part of the1 
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paraflocculus (fig. 89). The question arises as to the possibility 
of the lobulus petrosus always repre.<Jenting the posterior 
extremity of the lower portion of the paraflocculus. This may 
be the case. If we accept this as being a true interpretation 
of the facts, then we should consider that, as the paraflocculua 
increases in size in different animals, it tends to press forwards, 
since the lobulus petrosus is often found in cerebella having 
small paraflocculi. 

The tlocculus consists of a single folium lying between the 
lateral recess of the ventricle and the most posterior part of the 
paraflocculus. 

Oanis jamiliaris (figs. 93, 94, 95 and 96).-The anterio!' 
part of the cerebellum of the dog does not differ very materially 
in the arrangement of its fissures and the disposition of its lobes 
from the corresponding part of the badger's cerebellum. In 
lobes C and D, however, there are differences of sufficient 
magnitude to warrant mention. Fissure bis present in a position 
very similar to that of the badger. It can readily be followed 
across the vermis and hemisphere to the border of the latter, 
running almost parallel to fissure II. Lobule C2 has a very 
considerably distorted vermis portion, and its hemisphere 
dependencies show several fissures of some depth, which give 
the impression that it consists of several distinct sub-lobules. 
The central segment of lobule 0 8 is also much twisted, and on 
superficial examination appears to have no connection . with 
those vertically elongated masses which form its hemisphere 
segments. On opening up the groove between ve.rmis and 
hemisphere, however, the connection can be distinguished. The 
displacement and sinuousness of the vermis in lobules C2 and 
C3 only appears after birth. In a new-born dog the vermis is 
perfectly straight and its folia entirely transverse. 

Lobule Dis connected to the upper part of the paraflocculus 
by a low white ridge, which can only be <liscovered by removing 
the lowest and most posterior part of lobe C. The rest of lobe 
D and lobe E call for no remark. 

The paraflocculus is relatively, larger than that of the badger, 
to which it bears a close resemblance in the manner in which 
its two tiers are arranged. It . has not, however, a lobulus 
petrosus; or, at any rate, there is not more than the merest 
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a;ttempt at the formation of one, this ocCluring at the posterior 
end of the lower tier, and being only occasionally present. The 
flocculus is small and consists of a few folia, placed, under cover 
of the parafioccnlus, at the most anterior limit of the lateral 
recess of the ventricle (fig. 95). · 

Canis vulpes (figs. 97, 98 and 99).-The general shape of the 
cerebellum of the fox is very different from that found in the 
dog. The fox's cerebellum has a greater vertical height in com­
parison with its antero-posterior diameter. I ts anterior surface 
is depressed for the reception of the corpora quadrigemina, and 
its posterior surface is also concave from above downwards. 
~'he posterior concavity is rendered all the more obvious because 
of the backward projection of lobe D over the medulla. This 
projection is confined to lobule D2, and is so great that this 
lobule can be seen very distinctly when the cerebellum- is 
viewed from above. These differences being recognised, thd 
cerebellum of the fox otherwise resembles that of the clog. 
The only points to which it seems necessary to draw attention 
are two, as follows: The vermis in the region of lobules 01 
and 03 is possibly a little· shorter in an antero-posterior 
direction, and somewhat less distorted in form. The lower, 
part of the paraflocculus carries a definite lobulus petrosus 
(figs. 97 and 98). · 

The flocculus is small in the fox, and only just visible frcim 
behind (fig. 98). 

Felis dornestica (figs. 100, 101 and 102).-In the domestic cat 
the anterior part of the cerebellum is so similar to the same 
portion in the dog, both as regards its superficial characters and' 
also its appearance in sections, that no detailed description·fs 
needed. The most important features are those presented by 
the organ when viewed from behind. Several cerebella of the 
cat have been examined, and in ail a very striking character is 
~he extreme to which the distortion of the central portions of 
lobules 02 and 0 3 is carried (figs. 100 and 101). -In the -brain 
from which the figures were . made this distortioh is '. very 
marked', possibly more so than is the case m. the average cere­
bellum; but they serve to show to what lengths this'. twisting 
of the vermis may go. It w.ill ,be observed that lobules C\ aria'. 
03 are arranged in the form of an S~shaped curve, the bends of 
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which are very abrupt. This curvature of the vermis is con­
tinued into lobe D, but here its bends are not so sudden (fig. 
101). There can be little doubt that this exaggerated dis­
placement of the vermis is to be interpreted as meaning that, 
in the cat, lobes C and D are relatively more developed (so 
far as those parts of them which belo.ng to the vermis are con­
cerned) than is the ca."ie in the other mammals examined. The 
lateral parts of lobule C3 are relatively smaller in the cat than 
in the clog, badger, or fox (fig. 101). They do not extend so 
far downwards as to blot out the connection between para­
fiocculus and the vermis. This connection is in the form of 
one or two folia, resting upon the medulla below, and in con­
tact with the lowest part of lobule C3 above. , 
. The paraftocculus resembles that structure in the dog. There 
is considerable difficulty in distinguishing a flocculus with any 
degree of certainty in the adult animal. That it is present is 
undoubted from the observations made by Stroud on its 
development. But its clear definition in the embryo appears 
to become obscured at .a later date. 

Goal and Sheep (figs. 103, 104 and 105).'-In many respects 
the cerebellum of ungulate~ departs, in the way of details, 
from the plan found in those carnivora just described. 

When viewed from the front, the cerebella of the goat and 
sheep show fissures c, I., II. and b very distinctly (fig. 103), all 
of these reaching the margins of the hemisphere. Fissure c 
crosses the vermis almost perfectly transversely. Lobule A1 

has only a very imperfectly developed hemisphere portion ; 
indeed it is doubtful if the hemispheres can be considered to 
extend into this region. Fissure I., possibly a little shallower 
than c, bas a curved direction. Fissure II. is very acutely 
curved, as in the dog. Lobule A2 and lobe Bare almost entirely 
confined to the vermis, their lateral prolongations being very 
small. Indeed, in this region it is difficult to set definite bounds 
between the vermis and the hemispheres. There is some 
amount of lateral displacement, with consequent curvatme, in 
the vermis in lobules C2 and C8, but this .is not greater in 
amount.than. that found in the dog . 
. · In the sheep and .goat, and in :ungulates generally, the lateral 

divisions of lobule C3 are not nearly so large as they .are in the 
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carnivora. In the carnivora their uppermost ends are commonly 
visible, either on one or both sides, when the cerebellnm is 
regarded from the front. This has never been found to obtain 
in those tmgulates which have been examined for the purposes 
of this research. Again, these lobules do not reach so far down 
as to touch the medulla, other than in exceptional cases. The 
result of this vertical abbreviation is to allow of the connection 
of the paratlocculus to be traced directly to the vermis, as is 
the case in the simpler forms of cerebellum (fig. 104). As we 
have seen, this connection is easily made out in the adult pig. 
In the sheep and goat, however, it is not quite so evident 011 a 
superficial examination; it is necessary to open up the groove 
between vermis and hemisphere. 

The form of lobule D1 is somewhat peculiar in both the sheep 
and goat (fig. 104). It has a central, well developed portion in 
the vermis, and smaller offshoots reaching into the hemispheres, 
a constriction of greater or less tenuity intervening. 

Lobe E is of larger size than in the pig and the carnivora. 
The parafiocculus and fiocculus resemble those parts of the 
cerebellum of the pig. 

Bos taiwtJ,S (fig. 106).-In the cerebellum of the cow, although 
the same lines are followed as in the sheep and goat, the arrange­
ment of fissures appears at first sight to be very complicated. 
This remark applies only to the superior and posterior views, · 
as lobes A and B and lobule 01 are almost identical in form 
with those parts in the average carnivore or ungulate brain. It 
may be added that it is impossible to make out any hemisphere 
in lobe A. Even in lobe B the hemisphere is very attenuated. · 

On closely examining the posterior part of the cerebellum, it 
is found that the complexity is more apparent than real, and is 
due to a distortion which rivals that of the cat's vermis. Apart 
from this disturbance of form, there is little to which special 
attention need be directed. It may be mentioned, however, 
that the lateral parts of lobule 08 commonly extend farther in 
a downward direction than obtains in the sheep and goat, this 
extension bringing them almost or quite in contact with the 
medulla. Not infrequently lobe E is so large and projects so 
far backwards as to be visible as one or two folia on the pos­
terior aspect of the cerebellum. 
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EquitS caballus (figs. 107, 108 and 109).-A very striking 
feature in the horse's cerebellum is the comparatively posterior 
position of fissure II. Fissures c, I., II. and b are distinct and 
deep. Fissure c is of very considerable depth, and fissure I. is 
almost as deep as fissure II. (fig. 109). It should be noted-as 
distinguishing the cerebellum of the horse from that of the 
sheep and goat, and especially from that of the cow- that lobe 
A is certainly, t~ough not very strongly, continued into the 
hemisphere. 

The posterior part of the horse's cerebellum shows one or 
two points of interest and importance. As in the ungulates 
already mentioned, the lateral parts of lobule 08 are small a.s 
compared with the carnivora. In the horse their connections 
with the vermis are not difficult to follow. There is, further, 
no difficulty in making out the connecting link between lobule 
A and the paraflocculus (fig. 108). 

In some specimens lobule D2 is continued into the hemi­
sphere for a short distance, but this continuation has only once 
been found on both sides in the same brain. Its presence, 
though inconstant; is interesting, as being apparently the 
remains of that undoubted connection which we have seen to 
exist between lobule D2 and the lower part of the paraflocculus 
during the embryonic life of the pig. In the majority, of 
animals all trace of this primitive unity is lost as the brain 
grows into its adult form; but in some, possibly in man, evi­
dences remain. 

Lobule E is, if anything, smaller in the horse than it is in 
the sheep, goat and cow. The paraflocculus shows its two-tier 
.character more clearly than in the other ungulates examined, 
in this respect resembling the paratl.occulus of the carnivora. 
It should be remembered that in ungulates generally t,he lower 
tier shows a tendency to curve forwards at its posterior end. 
This is so well marked in the horse that there are practically 
three tiers produced. In an earlier part of this paper the sugges­
tion has been thrown out that possibly the lobulus petrosus of 
the rabbit, etc. represents only the posterior extremity of the 
lower parL of the paratl.occulus of more complex cerebella. I t may 
be asked, further, whether in those animals like the horse, in 
which the paraflocculus turns forwards at its posteri0r end, this 
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recurved extromity may no\; be oqnivo.lent to a lobulus petrol:ms, 
1menclos0d in n special fossn. of bone. The supposition that this 
may he so is strn11gtheuocl wheu tho condiLion found in the badger 
is tn.ken into acconnt. In tho cel'ebollnm of Jfeles taa.'1t,S, of 
which a description has all'oady been given, on one side a lobulus 
petrosns was found; bnL on the othet side the corresponding 
part of the paraiiocculus was tnrned forwa1·ds ttnderneath the 
lower tiel'. 

The tloccnlns is usually easily distinguished in the horse, and 
is vjsible from the side and from behind. In some specimens 
a disLiuct white tidgo, independent of tho posterior medullary 
velum, passes from the ftoccnlus to lobe E of the vermis. This 
ridge is indicated on the left side oE fig. 108. It has not been 
met with elsewhere than in the horse-possibly because an 
insufficient nnmber of cerebella have been examined-but its 
occurrence in this animal is of importance, as showing evidence, 
in the adult, of the embryouic uuity of the structures between 
which it passes. 

Eq_·mts asiniis.-The cerebellum of the donkey is so like that 
of the horse in all but tho merest details that an extended 
description is not necessary. It may perhaps be well to say 
that lobttle 02 in the hemisphere carries several fairly deep 
fissures, whose presence give the surface a complex appearance. 
Lobule D1 shows the tendency, remarked in the sheep and goat, " 
to extend into the hemispheres in the form of lateral append­
ages. The connection of this lobule with the parafiocculus is 
not so superficially evident as it is in tho horse. The f\occulus 
of the donkey has a greater antero-posterior extent than is the 
case in the horse. 

ln the foregoing pages the steps by which the fissures,. and 
consequent lobes and lobules, of the cerebellum came into 
existence have been traced in two mammals. It has also been 
sought to discover the simplest form of mammalian cerebellum, 
and this having been done, to endeavour to recognise, in the 
complex as well as in the simpler forms, a likeness to this 
elementary pattern. .Apparently the cerebellum in which the 
fissmes are fewest and the lobes smoothest belongs to the 
shrew and the smaller bats. . In the shrew there are four 
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fissure8 only; and of these only one ( the second, i.e. II.) extends 
through both vermis and hemisphere. The remaining three dq 
not ·belong to the hemisphere, being confined to the vermis or 
its immediate neighbourhood. 

In following the development of the cerebellum of the rabbit, 
it was found that this five-lobed and four-fissured stage was 
reproduced. But in the adult rabbit the number of fissures is 
increased. In the development of the pig, it appears possible 
that the five-lobed condition may obtain in its simple form for 
a time, but it quickly gives place to a much greater complex of 
fissur~s. 
: In both rabbit and pig fissure IV. was the first to appear, 
and this in association with the Rautenlippe, which, continuing 
round the lateral recess of the ventricle, blends with the 
Rautenlippe of the medulla. The association of fissure IV. 
originally seems beyond doubt. But as development goes on it 
becomes more and more removed from the edge of the cerebellar 
lamina, because-of the growth of lobe E and the flocculus. 

In both rabbit and pig the second fissure to develop is 
fissure II., which has been recognised by several writers to be 
of paramount importance, and which is declared by both Stroud 
and Kuithan to be the first fissure visible in the developing 
cerebellum. 
· The next fissures, in point of time of appearance and impor­
tance as dividing lines of the cerebellum, are fissure III. and 
those cle~narcating the parafloccuJus from the rest of the hemi­
sphere. These three are in reality the three elements of one 
anclthe same fissure, which, becoming continuous, they-ultimately 
form. · 

By the presence of the above mentioned fissures, the cerebellum 
become13 divided transversely (but not completely as yet) into four 
unequal portions. (1) A part anterior to fissure II.; this becom­
ing itself divided later into lobes A and B by fissure I. (2) Lobe 
C, lying between fissure I I. and fissure III., with its lat~ral 
elements. (3) Lobe D, to which the parafl.occulus belongs. And 
(4) lobe E, of which the flocculus is an outlying dependency. 

Fis.$ure I., separating lobes A. and B, appears shortly after 
fissurelII. in the rabbit,and somewhere about the same timein the 
pi:g. The other fissures, which are form~~ either at the same tii]le 
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as some of the above (as in the 'pig), or at a somewhat later date 
(as in the rabbit), may be ~~nsidered as of secondary importance, 
and have no representatives in the simplest type of mammalian 
cerebellum. 

In those adult cerebella. which have been examined, there 
is quite clearly a common pattern running through the whole 
series. But in many of them there are interwoven into this 
fundamental pattern subsidiary ornaments, which tend, in a 
measure at least, to obscure the simplicity of the cere­
bellum which has been taken as the starting-point. In all the 
cerebella the five fundamental lobes can be recognised, and 
their individual peculiarities and tendencies may be summarised 
as follows :-

Lo be A, in all but the very simplest forms, is divided into 
two unequal parts by fissme c. This fissure is wanting in the 
shrew and indefinite in the hedgehog, but is constant in all 
others. Lobule A1 in the higher forms consists of three sub­
lobti.les. In some there are apparently only two of these 
divisions. It is possible that this complexity of the lobule may 
be indicated even in the rabbit. Lobule A2 is always smaller 
than lobule A1, and is generally provided with a moderately 
deep fissure, whose precursor may possibly be shown in the 
rabbit. 

In the higher forms lobe B is divided into two parts, each of 
which may be again divided. In the rabbit and hedgehog it 
carries two folia, separated by a moderately deep fissure. 

Lobe C consists of three lobules, sepamted by fissures a and 
b. Of these two fissures a is held to be much the more im­
portant morphologically, because of its earlier appearance in the 
embryo and its more constant character in the adult. These 
two fissures apparently develop in .a manner peculiarly their 
own. They both begin in the hemisphere, and grow towards 
the middle line. 

Lobule 0 3 must be considered as standing definitely aparL 
from the rest of lobe 0. Its differentiation is early, especially 
in the pig, and in all the adult animals described, from the 
squirrel upwards, its individuality is very strongly asserted. 

Even in the rabbit there is an attempt at a division of lobe 
D, but this is not accomplished until the squirrel is reached, 
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In the higher forms the division.-.is· embryonic and early. In 
the pig, fissure d appears about the ·same time as fissures III. 
and I. Particular attention has been called to the develop­
ment of fissure d because of its forward extension and invasion 
of the paraflocculus, which is, as a res~1lt, divided into two 
parts, as is the rest oE lobe D to which it belongs. Subsequent 
development may obscure the continuity of the paraflocculus 
with lobule D 1, or, on the other hand, the connection may per­
sist i11to adult life (e.g. in the horse). The connection of the 
paraflocculns with lobule D

2 
is always lost in the adult, but 

there may remain slight traces, such as are found in the horse. 
The embryonic continuity of lobe E and the flocculus, and 

their morphologic unity, have already been commented upon. 
This continuity early disappears, and there is usually no trace 
of it apart fro~ the· posterior medullary velum. But in the 
horse at least, as has been noted, some evidence may exist 
even in the adult. 

The various fissures and lobes have been distinguished, up to 
this, by letters and figures only. It would have been easy to 
employ terms such as those used in human anatomy, but-as 
Oliver Wendell Holmes has expressed it-words, from occupy­
ing for a long time the same place in language, become 
' polarized.' So, in order to trammel the mind as little as 
possible, it was thought better to avoid those terms ~hich 
would call up certain fixed and long-rooted conceptions. 

The purpose of keeping the judgment as unbiassed as possible 
being now served, the letters and figures may give place to 
terms such as are commonly employed. In order to do this, 
the notion of the plan of the mammalian cerebellum, which has 
been gained from the descriptions given herein, must be applied 
to the cerebellum of man. Using the technicalities as employed 
by Schafer in Quain.'s Anatomy, the letters and figures may be 
transmuted as follows: 

There can be•little doubt that fissure II. corresponds to sulcus 
preclivalis, fissure III. to sidcus postpymmiclalis, and fissure IV. 
to sulcus postnodiilaris. Fissures a and b correspond respectively 
to sulci horizontalis magnus and postclivalis, and fissure d is 
equivalent to sulciM p1·epy1·amidalis. That sulcus horizontalis 
magnus should not be employed, as is don~ in human anatomy, 

VOL. XXXVII. (N.S. VOL. XVII.)-APRIL 1903. 17 
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to divide the cerebellum into two primary parts, is evident, and 
has been pointed out and insisted upon by Stroud. The com­
parative method clearly shows that sulcus preclivalis (fim:al 
sulcus of Stroud) forms the real and hmdamental dividing line. 

In that part of the cerebellum which falls anterior to fissure 
II. (sulcus preclivalis), difficulties arise in the use of human 
anatomical terms. For siucus postcentralis of the human 
anatomist corresponds to fissure c; a fissure secondary both in 
point of time of appearance in the embryo and in morphologic 
value. In the clU'reut descriptious of the human brain, as 
given in this country, no snlcus is mentioned as equivalent to 
fissure I . The result is that the culmen of human anatomy 
includes lobe B and lobule Ai_. Lobule A2 probably corresponds 
to the " ascending part of the monticulus" of some German 
writers (Flatau and Jacobsohn, for instance), but I am not 
certain that the expression is used .for lobule A 2 alone or 
always. 

The following table shows the parts in the human brain 
corresponding to the various divisions of the mammalian cere­
bellum as described in this paper. 

F1ssurnis. LOBES. 

c. Sulcus postcentralis ____________ 
1

· 
Lobus centralis. A l 

A2- ·A. 
I. (Not named by Schafer) ___ Lobus culminis. __ _ 

II. Sulcus preclivalis, ______________ } B. 
Lobus clivi. 

b. Sulcus postclivalis _ _ ________ __ _ Cr) 
Lobus cacuminis. C2• C. 

a. Sulcus horizontalis magnus _ _______ _ _ 
Lobus tuberis. C3, 

III. Sulcus postpyramidalis. _____________ l 
Lo bus pyramidis. D1. 

d. Sulcus prepyramidalis D. 
Lobus uvulre. D j 

IV. Sulcus postnodularis. _____________ 2
• 

Lobus noduli. }E. 

It will be observed that I have only examined the cerebella 
of placental mammals. Lack of suitable material has 'precluded 
a first-hand investigation of Monotremes and Marsupials. But, 
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judging from the descriptions and figures given by Zieben (7), 
it is clear that the scheme, as elaborated in the foregoing pages, 
will apply to Marsupials at least. These mammals evidently 
fall into the group of animals in which the cerebellum follows 
the simpler type. Whether Monotremes also can be included 
in this group is not so obvious from the descriptions available. 
It seems not unlikely that their cerebella belong to a group 
separate from the rest of the mammalia. 

In carrying out the work of this investigation, so much 
assistance, in the form of mat-erial, has been afforded by so 
many persons, that it is impossible to make suitable acknowledg­
ment without going to considerable length. Let it suffice to 
say, that my debt of gratitude is not to be computed from the 
extent of the avowal here made, Much of the microscopic 
work has been done in the Physiological Laboratory of the 
University of Edinburgh, where, through the courtesy of Professor 
Schafer and his assistants, every facility that could be wished 
for has been afforded. 
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Marsupialier. Thiel I. Macroscopische Anatomie," Jenai'sche Denk­
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PLATES XVII.-XXIII. 

EXPLANATION OF FIGURES. 

Fig. 54. Pig emb1·yo, 40 days, 52 mm. Posterior· view. X 2. 
Fig. 55. ,, 40 days, 52 mm. Left lateral view. X 2. 
Fig. 56. ,, 40 days, 52 mm. Mesia! sagittal section. 
Fig. 57. " 

44 days, 64 mm. Posterior view. X 2. 
Fig. 58. " 

44 days, 64 mm. Anterior view. X 2. 
Fig. 59. 44 days, 64 mm. Mesial sagittal section. 
Fig. 60. " 

48 days, 80 mm. Posterior view. X 2. 
Fig. 61. " 

48 days, 80 mm. Anterio1· view. X 2. 
Fig. 62. 48 days, 80 mm. Mesia! sagittal section. 
Fig. 63. " 

51 days, 88 mm. Posterior view. X 2. 
Fig. 64. " 

51 days, 88 mm. Anterior .view. X 2. 
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Fig. 65. Pig embryo, 51 da.ys, 88 mm. Mesial sagittal section. 
F ig. 66. ,, 55 days, 100 mm. Mesial sagittal section. 
Fig. 67. ,, 59 days, 118 mm. Superior posterior view. 
Fig. 68. ,, 59 da.ys, 118 mm. Anterior view. x 2. 
Fig. 69. ,, 59 da.ys, 118 mm. Mesial sagitta.l section. 
Fig. 70. 65 da.ys, 132 m.m. Posterior view. x 2. 
Fig. 71. ,, 65 days, 132 mm. Supe1·ior view. x 2. 
Fig. 72. ,, 65 da.ys, 132 mm. Anterior view. x 2. 
Fig. 73. ,, 65 days, 132 mm. Left lateral view. x 2. 
Fig. 7 4. 65 days, 132 mm. Mesial sagittal section. 
Fig. 75. ,, 70 days, 150 mm. Superior view. x 2. 
Fig. 76. ,, 165 mm. Posterior view. x 2. 
Fig. 77. 165 mm. Superior view. x 2 .. 
Fig. 78. ,, 165 mm. Left lateml view. x 2. 
Fig. 79. ,, 165 mm. Anterior view. x 2. 
Fig. 80. ,, 165 mm. Mesial sagittal section. 
Fig. 81. Pig, adult. Anterior surface. x 1. 
Fig. 82. ,, Superior view. x 1. 
Fig. 83. ,, ,, Posterior view. x 1. 
Fig. 84. ,, ,, Mesial sagittal section. x 1. 
Fig. 85. Mustela furo. Anterior smface. x 2 
I!'ig. 86. ,, Superior view. x 2. 
Fig. 87. ,, Posterior view. x 2. 
Fig. 88. ,, Mesia! sagittal section. 
Fig. 89. Meles taxus. Anterior surface. x 1 
Fig. 90. ,, Superior view. x 1. 
Fig. 91. ,, Posterior view. x 1. 
"Fig. 92. ,, Mesial sagittal section. 
Fig. 93. Canis fami\iaris. Anterior surface. x 1. 
Fig. 94. ,, · Superior view. x .1. 
Fig. 95. ,, Inferior surface. x 1. \ 
Fig. 96. Mesial sagittal section. 
Fig. 97. Canis ~nlpes. Superior view. x 1. 
Fig. 98. ,, Posterior view. x l . 
Fig. 99. ,, Mesia! sagittal section. 
Ficr. 100. Cat. Superior view. x l. 
Fi~. 101. ,, Posterior view. x 1. 
Fig. 102. ,, Mesia\ sagittal section. · x l. 
Fig. 103. Ovis aries. Anterior view. x 1. 
Fig. 104. ,, Posterior view. x 1. 
Fig. 105. Goat. Mesial sagittal section. x 1. 
Fig. 106. Bos taums. Mesia! sagittal section. x ½, 
Fig. 107. Equus caballus. Anterior superior view. x ½-
Fig. 108. ,, Posterior view. x ½· 
Fig. 109. ,, Mesia! sagittal section. x ½· 
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THE MAMMALIAN CEREBELLUM: ITS LOBES AND FISSURES. 
By O. Charnock Bradley, M. B., Cb . B. , (Ed i nl . 

"Weitere Bausteine zu einer ration- . 
elilen Einthetlung der Kl einhirn-Oberflache 

I 
(in Man) muss die uergle ichende Anatomie 
liefern". (Schwalbe). 

'' Unfortunately, the subject of cer­
ebellar morphology is almost a terra_incog­
!1:i:l.9:, •• •• ••• If Pouche t found reason, in his 
time to de plore the obscuri~y -which anatom­
ists had allowed to ensft~oui the compa~ative 
anatomy of this important organ~ we at the 
present- day have i nf inite Ly more reason to 
bemoan our ignorance •.••.•• Our ignorance 
of cerebellar morphology seems to-day gr eate r 
than ever". (ELLiot Smith . 1898) . 

To asse r(, that the g rea t stumbling b lock in the path of 
one inv estigat i ng the fu nc tions . of the Mammal ian Cerebellum, 
i s a want of prope r understand•ing .of the homo log i es of the various 
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lobes in diff eren t animals, is p robably not ove r stat i ng the case. 
It is certain l y possib le that the d i screpancies and l a ck of 
harmony i n t he results ootained by phys iolog ists i n experimentat­
ion on anim~ls are due to the operations having been performed 
on pa rts of the cereoe llum that are not homologous . It is 
hardly c la iming too muc h to say that results ob tai ned by e~pe r iment 
on the lower animals can onl y be translated into te r ms of Human 
Physiology when it can be de fi n i t ely stated that t he r eg i on 
excised, or otherwis e inte r fered wi t h , corresp onds t o a precise 
r egion of the human cerebel l um. Unless this can be done, exper-
i mental results may have a doubtful value a s throwing a certain 
and clea r light upon the f unctions of t he hu man o rgan. This 
codent i on may be i llustra t ed by a supposed example. Given the 
desire, on the part of an investiga to r , t o a rr ive at som6 concl ­
us ion regarding the role pl ayed by t he Flocculus of M~n i n the 
phys iology of the cerebellum, experiments will be made upon the 
so-call ed " Flocculus" of one of the lowe r mammals. If the 
rabbit -to t ake a l ikely example- be sel e c t ed a s the ani mal 
suitable for experimentation, the results ob t a i ned may quit e 
pos s ibly be fallaci ous . And fo r the r eason that the projecting 
part of the raboit's cerebellum, which i s fr equently ca l led 
" F locculus", is not the homologue of the floccul us o f Man, but 
an entire ly di ffe rent struc ture, hav ing a widel y different 
developmen ta l history, and, one mi ght there f ore expec t, a diffe rent 
physiolog ic status. Again , it would be dif f icult to come to 
an y accurate conclusion regarding the f unction of the "Tons il" 
of the cerebellum of Man from experimen ts upon t he dog ;. s ince 
this st ructu re does not ex ist in the lat t er animal. Therefore, 
on account of t he benefi t which may possibly accrue to Physio logy 
-and th~ough Physiology, to Medi ci ne- if for no othe r reason, 
a better unders tand i ng o f the homologies of the parts of the 
mammalian cere bellum should be sought . ·The human cereoellum is 
so complex that, as stat ed by Schwalbe in t he words which stand 
a t t he head of th i s paper, a ration a l d iv ision of it can only be _ 
fo unded upon the Compa rat ive Anato my of the organ. But under this 
term of Compa rat i ve Anatomy ~ e must inc lude deve lopmental h istory, 
fo r "embryology is the t rue t o rch- oea rer for all research into the 
organic body", and r esults obta ined by the e xamina t i on of the 
adult cerebella of vari ous mammals must be illuminated oy the 
ligh t of Development. If Embryology is not taken in to accoun t , 
t he c onc l us i ons arrived at from the study of Compara ti ve Anat omy, 
as the term is, even now , frequently und erstood , may be productive 
of· misconception. 

In connection with the sub ject of homolog i es it 
cannot be too strong ly insisted upon t hat the human brain must 
not be taken as t he type. That this has been done by writers 
in the past , has been the caus e of many errors and much misunde r-
standi ng . The employment of terms cur rent in text-books on 
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Human Anatomy must also De dep recated . For, though 0 these terms 
have a definite meaning as applied to certain a r eas of the sur­
face of the cerebellum of Man, they have litt l e if any meaning 
when translated to the cerebel lum of mammals in general. Further, 
the division of the human cereoellum into looes and looule s as 
r~cognised by the human anatomist, is based upon pu rely empirical 
g rounds. The futility of using the human brain as a type is 
clearly evident if it be placed s i de by side with that, say, of 
a r odent or an insectivore. It i~ well, then, i n desiring to 
establish homologies, to put the human organ on one side as some-
t h j_ ng which, in its eve lution, has strayed fa r from t11e average 
degree of complex ity . 

So far as I am aware, no attempt worthy the name was 
made t o establ ish the morphology of the cerebe llum upon a ration­
al basis oefore the year 1895, when STROUD (1Jpublished a pape r 
dealing with the development of that organ in the Cat and Man. 
As the result of hi s investigations Stroud came to the conclus­
ion that there is a fundamental plan after which the cerebella 
of all mammals are farmed. He recognised certain very import­
ant fea tures ~hich are constantly present. Among other points 
he discounted the use of the Sulcus horizonta l is magnus as the 
essentia l line of diviston of the cereoellum into two part s , and 
emphasised the importance of a much deeper and absolutely constant 
fissure which is equi valent to that found in the human brain 
s eparating the Culmen from the Cli vu~, and to ~hi ch he gave the 
name of §~12Y~-!Y12~11~• That part of the cerebellum in front 
of the Sulcus furcalis he called the 2l~=I!ID~§~ and to that part 
posterior to the su lcus he applied the name of QQ§!:J~IDY§• 
Each of the lat~ral parts · of the post-ramus he designated 
El!!YW~ consisti~~ of a e2~!:ell!Y! - and .a El!:~J11Y! ' 
separated by an 1D!~J=P11~~1~§~12~~ ( i n the cat ) or a E~9YD-
2Y1!J-~Y!9Y§ ' (in Man) • In Man the pre-pileum is formed by 
the Clivus and its lateral prolongations. In the oat it consis-
ts of the Clivus, Cacumen and Tuber, and their lateral prolong-
ations. It seems a pity that some more unifo r m division could 
not hav~ been resolved upon. 

A very important fact , which was brought out by 
Stroud 's investigations, was the lack of correspondence between 
the hu~an flocculus and the so-called floccu lus of the major-
ity of mammals . It was shown that the flocculus of Man is 
present in t he lower mammals, but . only forms part, and a compar­
atively insignificant part, of the lo·oe lying at the sid~f the 
cerebellum of the cat. To the major p~rt of th is lobe the 
name of Pa rafl occulus '. was given . The value of th i s discovery 
can hard ly be overstated. 

Almost contemporaneously with the publication of 
St roud's paper, appeared one in which KU ITHAN (2Jtraced the 
dgvelop ment of the cerebellum in the sheep and Man . Here 
again the morpholog ic importance of the constant deep fissure, 
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called su lcus f u rcalis by Stroud, was pointed out·. F rom its 
early app ea rance during de velopment, Kuithan named the fissure 
the ~~l~~~-ertm~rl~~-Q!!~~~llt• From the circumstance that 
the sulcus primarius is the deepest fissure in the vermis, while 
the Sulcus horizontalis magnus is the deepest in the hemisphere, 
Kuithan proposed to di vide the mammalian cerebellum into three lobes 
of which these two fissures wou ld form the boundary lines. The 
Anterior Lobe <tatd~tli~Q~u> would , by this method of d ivision ~ 
consist of Lobi centralis , and cu lminis; the Middle Lobe (~!ii!!­
~~~~~~) would include Lobi clivi, and cacuminis; and the Posterior 
Lobe Cqnt!tl~QQ!Q ) i Lobi tuberis, pyramidis, uvulae, and noduli. 
This is a variation of the division suggested by SCHWALBE (4) 

in his de s cription of the human cerebellum. Schwalbe also 
di v ided the cerebellum into three l~~es, but his midd le lobe 

consisted of Lobi cacuminis, clivi and tuberis~ and this recog­
nition of the three parts as constituting one single lobe is svpporl·ed 
by emb ryolog ical evidence, as will be sh~wn later. Kuithan 
does not appear to have grasped the significance of the parafloc­
culys and flocculus, for he simply names the upper part of the 
pa raf locculus of the sheep, the "vermis lateral is", and makes 
no suggestion regarding its ho mology. He says nothing ot these 
structures in Man. Kuithan further falls into the error, 
into which so many others hav~ fallen, of allowing his ideas to 
be gover.ned by what he knows to be the condition of things in 
Man. His endeavours seem to have been largely in the direct-
ion of showing that the cerebellum of the sheep contains the same 
di v isions as does that of Man. Although this circumstance 
marred his publication considerab i y, the residual value is very 
g reat. 

In 1897, ZIEHEN ( 3 ) made a valuable contribution to 
the literature of the su·o Ject in an elaborate paper on the brain 
of Monotre·mes and M~rsupials. But he treated his subject · 
from the purely descripti ve side, and did not venture into the 
field of s peculation as to homologies. He did, howe ver, 
recognise· a fissure which he named the Sulcus horizontalis magnus 
on the assumption that it corresponded to the fissure bearing that 
name in Man; and he calls attentJon to §~12!_2~1!~~11i_~Y~i!12I ' 
~~!~!12J 'and QQ~!~JlQ!, the former of which is obviously the 
homologue of the Sulcus furcalis (Stroud) and Su lcu~ primarius 
cerebelli (Ku ithan). He further calls attention t o the connectio1 
of the "Lobus flocculi" with the rest of the cerebellum, but does i 
not ~raw an y distinction between a paraflocculus and a fdocculus. 
He appears to fall into error in gi v ing the name of "flocculus" to 
a pro j ~cting part of his "lobus flocculi" which, doubtless, 
corresponds to the Lobuius petrosus to which especial attention 
will be asked subsequently. 

In 1899 G.ELLIOT SMITH (5 ), in h~s elaborate descrip~ 
tion of the brain of the Edentates, struck out an entirely new 
line in his manner of ~ealing with the cerebellum. He recog-
nised the indi viduality of the locus flocculi, which is separated 
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from the rest of the cerebellum by a deep ~irniting fissure for 
which he suggested the name of Fi ss ura_fl occu li (Parafloccular 
sulcus of Stroud) . He follows Stroud i~ : dividing the Lobus 
flocculi into two pa rts , a £locculus and a ·.paraflocculus; the 
latter being subdivided i nt o upper and lowe r portions -f! I !!l22-
culus dorsalis and ·Paraf l occu l u s ventra lis. Aftr the Lobus -------------- -----------------~-----flocculi has been subtracted from the cerebellum, Elli ot Smith 
considers the resi duum to consist ·of t h ree azygo■ s lobes separat­
ed from each other by two f issu res ; a Fissura_12 rima , "A fissure 
o? the greatest morpho l ogical importance , ran k ing in this respect 
wi th the fissura flocculi only", and a E'.!§.§111"~-§~QllDQ!• The 
f i ssura prima corresponds to Stroud's sulcus furcalis; the fissura 
secunda separates l ~be s apparhntly homologous with the Pyrami d 
and Uvu la of Man. The lo~es separated by t hese fissures are 

named k22~§-!D!121l§~_k2~~§_9~D!!~11~ and k2Q~§-P2§!19~§• The 
lateral part of the Lobus c~n tralis is named the !I~~-Q!~~i~D§, 
"for it will be found that in t he higher ma mmals it is t.he exuber­
an t increase of this part of the cerebellum which i s the main 
factor in the evolutionary p rocess". A point of ve r y consider-
able importance was clearly stated in this paper; thi s bein& t he 
recogn ition of the connection of the " py ramid" with the cauda l 
ex t remity of the upper part of th.~ paraflocculus. It was also 
stated that the area c rescens can be subdi v i ded into three io rtion5 
lying the one behind the other. It is perhaps only fair to 
point out that the term " pyramid11 was only used tentatively. 

. .. 
"In the mean time" says the writer ,"! shall use the term EY!~J!l.!9 
with the reservat ion that the validity oi its homology with the 
similarly-named part of the cerebellum in Man remains to be p r oved. · 
This point can be sat is facto rily settled onl y by emo ryological 
investigation, and neither Kuithan nor St roud has attempted 
to s ol·ve t he problem." In this publication t he cerebeila of 
Orycteropus, Myrmecophaga, Ta mandua , Bradypus, Chaloepus , Manis, 
Xenu rus, Dasypus, and Chlamydophorus are considered. 

The monumental work puolished in 1899 by FLATAU & 
J ACOBSOHN (6 ) on the comparati ve anat omy of the centra l nervous 
system of mamma l s contains a large mass of material d escript i ve 
of the cerebellum. The wri ters, li ke those p rev iously quoted, 
recognise the deep and constant Sulcus supe rior anteri or (Ziehen ) 
as being the true dividing line by which the cerebel l um is separ-
ated int o two parts. Their descriptions, however, painstaking 
and praisworthy though they ai'e, have all the e"nd in v iew of 
finding in the average ~ammalian cerebe llum repre sentatives of 
the lobes of the human . structure. This , as i s inevitable, 
leads to misconceptions: as an example of wh i ch may· be me~n tioned 
the confusion of paraflocculus and fl-0cculu~ with Lobu l us biventer 
and Tonsil. 

In the early part of 1902 the present writer emoodi­
ed the results of a somewhat ex tended investigation ,on the devel­
opment ,anctiomol og ies of the mammalian cerebellar fissures,in a 
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pape·r which has been recently published ( 7) • The inve st i g-
ation had been carried ou t on the fo ll owing lines. The simplest 
form of ce·re·oellum ·xnow to · the write r was taken as the starting- . 
poi n t, and the parts of thi~ simple form sought f or in the more 
hi ghly developed and elaoo rated cereriella; this method being 
considered mo re rational than that of assuming that t.he simpler 
forms must contain, in a simplified condition, the di v isions 
of the more complicated brains. The simp lest workable type 
of cerebellum was found to be one in which a mesial sagittal 
section shows fi~e lobes separated fro m each other by four 
f.iss u r es. In order to . a void confusion , n'O pre-ex isting names 
we re applied to these lobes and fissures; but the simplest method 
of designating them - that of letters and figures- was employed. 
The fi ve lobes weie called 6~§~Q,Q , and· &i commencing with the 
most anterior, or ~her with the one nearest t o t he ante ri or 
medullary velum. The fissures were similarly enumerated as 

. ! ~ 11, !!!, and !Y• Of these four fissures l! was found to 
be constantly the deepest, and theref ore cor r esponded to the 
Sulcus furcalis of Stroud, the Sulcus pri mariu s cerebel l i of 
Kuithan, and the Fissura prima of Elliot Smith. Embryolog­
ical evidence was sought in an anima l in which the fi ve lobes 
were comparati vely simple, vi z. in the rabbit. It was found 
that the fissures appeared in _this animal in the following order: 
!YJ l!, 11! ; ! • Contemporaneous with the appearance of fissure 
1!, a pal r{9f depressions -one g r owing inwards from. each lateral 
corder of the cerebell um- started to cut off the futur e-· paraflocc-

ulus from the main mass of the future hemisphere. . These two 
fissures finally jWqned fissure llll thus indicating that the 
paraflooculus was the most lateral part of lobe Q~ Lobe E' 
began its ex istence in intimate association with what was to 
become the posterior medullary velum, and the flocculus did the 
same at the most lateral part of the pontine flexure. Thus 
the f lo·cculus was held to be an outlying -territory of lobe ~. 
The next fissure f ound in a mesial section was on e invol ving 
lobe !• This fissure was named ' £ ~ As a consequence of the 
presence of this sec ondary sulcus , lobe~ was subdiv i ded into 
lobule !l J the more infe r ior part , and lobule !g; the part aoove 
fissure · 2-1 

Shortly after the advent of fissure 9 J a pair of 
sulci became apparent in the lateral (hemisphere > portions of 
lobe Q~ The se were known as fissures 1 ·and ~ •-~being the more 
posterior. The two ha l ves cf fissure! gradually approache~ 
each other in the middle line and finaljy • fused; the two port i ons 
of fissure ~ !do i ng the sa~e a li ttle later. Lobe· f !was now sub­
divided into three l obu les, vi z . 91, gg, and Q~i the enumeration 
being from before backwards. 

The constancy of these fissures was established by 

the examinat1on of a number of cerebella differing only very 
slightly from that of the ra~bit . Very important modifications 
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we"found in the cereoellum of the s qui r rel, which, as a conse q­
uence, served as a conecting link be t ween the simpler and the mo re 
complex cerebella. The modifica tions cons.isted in the· antero-
posterior expansion of t he hemisphe re port ion of lobu l e Q2; of 
t he appearance of a fi ssure (named 1> which d i vided lobe Q in t o 
lobule Q1 and looule Qg ; and of an i ncrease in s i ze of the para­
flocculus and an arran~ement of its fol ia in t wo tiers (parafl oc­
culus dorsa l is and ventrali s of El liot Smith ) , the upper of which 
was found to be connect ed with lobule Ql• 

Next1'i the development of the cerebellum of the pig 
wa s traced. This was found to follow the same ma in lines as that 
organ in the rabbit , out additional important ev i dence was disco v-
ered. The most s triking point, and the on~ t o which most weight 
was attached, was the evident connecti on , at one stage of devel­
opment, of the two po rti ons of the paraflocculus with the two por­

tions of lobe Q. Indeed it was c lea r that the paraflocculus was 
di v ided into two parts oy t he lateral g row t h of fissured. The 
connection between paraflocculus dors a l i s and lobule Ql pe rsi st ed 
into adult life; ,but that between paraflocculus ventralis and · 
lobule Qg disappeared in the late r stages of intra- ut~rine deve lop­
ment. It was ob vi ous however tb at, not only is the paraflocculus 
as a wh ol e a part of lobe QJ but t hat the two p~ rts of the pa~a­
floccu lus belong to the t wo parts of lobe g each to each. 

Fro m the exa minat ion of a number of adult cerebella 
taken from different animals it was found that t he disappea rance 
of th~ connection between lobule Q~ and paraflocculus vent r al is 
wa s t he rule; but in one ·specimen of the ho rse's cerebe l lum traces 
of the original connection of t he va rious pa rts were found. In 

j/ many animals the continuity of lobu le Q! also becomes faint, but 
on the other hand, it may-p ersist, and does so in many. 

Since the abo ve con~lusions were put into writing 
Elliot Smi th and Lou is Bo l k have made additions to the literature. 

The short paper by Elliot Smith (8) is ma inly a condensation of 
what he has al r eady said in his monog raph on the brain in the 
Edentates. He adhe res to h is b riginal statement of the di vision 
of the mammalian cerebellum i nto two ~locciular l obes and a large 
inter-floccular mass subdivided by tw o su lc i into three azygos lobea 
-anterior, middle and pos terior. No exception whateve r can be 
taken tp the i mpo rtance attached to his Fissura p rima. As has bee 
prev iously sta~ed, it is t he Fu r6al sulcus of ~t r oud and the Fiss­
ura primarius of Kuithan , and it s mo r pholog ic status is beyond 
question. But there are several objections to p lacing the Fiss-
ura secunda on the same level. There seems littl~ doubt that 
this sulcus is the homologue of my fi ssurecg. Now fissure g, I 
~m persuaded, does not ex ist in the l ower, 1.e. simpler, forms 
of cerebella. Nor is it a fundamental fissu re in the higher 
fo rms, as emo ryological evidence shows. It is only an inter-



,.. , 

8 •. 

lobular fissure* , and owes its importance mainly to the fact that 
it divides lobe Q into two portions linked together at the oral end 
of the pa raflocculus , as Elliot Smith's diag ram and description 
admit. F'u rther, the re _does not appear to be sufficient distin­
ction made between flocculus and paraflocculus. That such dis­
tinction should be made is indicated by the difference in the dev­
elopment of the two s tructures. The re is indeed a danger that 
the name of "loous f locculi", as applied to the two structures, ·· 
may lead the reader int o error. It would be better to al ways 
sp eak of them separately and distinctly as !!299Y!Y§ and E!!!!1-
222Y1Y§; though , it must be admitted, that thei r close relation 
to each other makes a collective name very convenient. 

As a consequence of exalting the Fissura secunda 
into a sulcus of primary va lue, the nodulus and uvul a (cent ral 
portions of lobe~ an~ lobu l e Qg l are thro~n together as constit­
uting the "posterior lobe", which is stated to be connected with 
the flocculus . As has be en prev iously remarked, development 
appears to ind i cate pretty clear l y that the flocculus oelongs to 
lobe f 'alone; and no adult ce rebellum that I have e xam ine d has dem-
onstrated any other connection. This is ano ther r eason for 
clearly distinguishing fioccu l us from pa ra floccu l us. 

The ante r ior lobe comes in for out sligh t -attention 
in the paper now under review . Nor is a g reat deal said of it 
in the memoir on the Edentate brain, although , in a fi gure illus­
trating a mesial sag ittal section .of the ce rebellum of Orycter­
opus (fig. 2-9) two fissures· are marked with the letters e and f 
which appea r to correspond ve ry c l osely with my fissures 1 'and 2 
respective l y. 

~ Apart from these po ints which suggest matters for '1--
discussion and controver~y, this recent paper fro m the pen of 
Elliot Smith is valuab le to a deg ree no t co mmensurat e with its 
brev ity. 

Anothe r paper which has made its appearance wi thin 
the last few months is one by Professor LOUIS BOLK (9J • As an 
expression of opinion oy so eminent an authori ty, it wou ld dema nd 
attention even we r e i ts contens less strik ing than they a re. 
Being, however, a communication in wh i ch the .mammalian ce reb ellum 
is viewed from an en tirely new stand-point, it c l a i ms ou! close 
examination . Bol k commences by condemning - that method of 
of desc ript i on of a ce rebellum which takes the human b rain for 
it,,s type, and po i nts out how such a meth·o·d is a fount of e rror. 

* ' It wi 11 be c-onveni.ent to speak of fissures l, ·ll , 
I I I :and IV as inte r-l obar ( since they separate the p rimary looes 
or-t he cerebel1u~,;-ana-rissures· a J Q, c,and d, as !n!er=122~1li· 
Any additional fissures may well ae called !D!!!=-192Yl!I • 



9 • 
. ,, 

He t heref ore sets asi de the human organ and t he orthodo x descrip­
tion of i t , r eferring to it only in the later p~. i t of h is paper. 
He states th~t, with the e~cept ion of t he Monotremes , he has ex­
am ined the cereoellum in se veral representati ves of a ll the order,$ 
of Mamma lia. In this communica t i on it is his intention to set 
forth his idea of the structural type (Bautypus) as exemplified 
in the cerebellum of Lemur albifrons. He seeks, further, to 
observe the more impo rtan t variations in dif f eren t an imals, and 
finally to answer the question: How does the human cerebellum 
stand with rega ~d to that of other a nimals , a nd in what direct-
ion has it specially developed~ His ,resent statement is to 
be rega rded as preliminary only . In th e course of corres-
pondence he informs me that he hopes to publish his observa tions 
iti_extenso in the course of the coming Summer. 

Bolk di v ides the cerebellum into two lobes - k~~Y§ 
!D!!Jl2! and E2§!!!12!- ~y the Sulcus primariu• cerebelli (Kuithan ) 
He refuses to recognise the div ision into a ve rmis and t wo hemi­
spheres as cased upon firm morphol0gic g round, since he denies 
the e xistence of paramedian sulci i n the anterior lobe in any of 
the cerebella he has examin~d with the possible · e~ception of the 
Cetaceans. The two lobes are different in severa l respects, 
but chief l y in their method of g rowth. The superficial expan-
sion of the anterior lobe is g reatest in the middle line, the 
g rowth intensity (Wach~tumintensitit) becoming gradually smaller 
in a la t eral direction. b4:ke.-.:::cE-l.J-i-ot--Sm-i-t-h, Bolk does not 
subdi v ide the anterior lobe, at any rate in the p resent pape r. The 
posteri~r lobe is divided into two portions; a Lobulus_simclex and 
a Lobu lus_comEiicatus. Of these the former has characteristics 
which ally it with the Lobus anterior. Its folia are arrang ed 
transversely and there are no paramedian sul ci. Mo reove r, 
its growth centre is in the middle line., Sulci paramediani 
are p resent in the Lobulus complicatus, and divide it into a 
Lo6u l us_med i anus_Eosterior and two Lobuli_laterales_eosterior~s; 
the former corresponding to the inferior ve rmis of Human Anatomy. 
There are three g rowt h centres in the posterior lobe , one in the 
~iddle line and two lateral . The presence of these centres and 
their influence upon the surface anatomy is emphaiised, and he ld 
to be of g r,ea·t importance. The transverse expansion energy of 
the middle centre (i.e. of the Lobulus medianus posterior> is 
very l imited~ The bilateral centres are likewise of small 
activity in a direction at right angles to their long axes, 
but in a sagittal di rectio n they are even more act i ve than the 
median centre . As a cpnsequence the Lobuli laterales posteriores 
oecome considerably curved in brains such as that of Lemur albi-
frons . In the simpler orains the sag ittal line of g rowth is ncit 
such as to produce distortion. The curvatures of the Lobuii 
laterales poster i ores, where they ex ist, produce the !.,QQYlhl§ •~!}§j""' 

!Q!IDl§, the k2QY1~§_2~J~ID~91~nY§ and the E21wi!l2_Y~JIDi2Yl~!l~ • 
The paraf l occulus and f.locculus constitute the last. 
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It i s diff i cult te criticise Bol k 's paper seeing that 
i t is of the na t ure of a prelimina r y statement. One will be in 
a be tter position to ag ree o r d iscigree wit h him when his)_the s es . 
are expanded. As t he case s t ands · at present , there are se veral 
point s wh i ch appear deoat able. In the fir s t place the re6ogn1t­
ion of two lobes on l y in the cerebellu~ may be simple a s a method 
of di v ision of the wh ole organt but it is one which may be consid­
e red inconvenient and insufficent for pu rpos e s of description. 
Th is is made e vident in Bolk's paper. He finds it necessary t o 
di ~ide the posteri or lob e into two parts (Lobuli si mp lex and 
compli catus ). A vermis may not always be very ev ident in the 
anterior lobe, in deed i n many instances it i s impossi b le to dis­
tinguish a ve rmi s _and t wo late ral hemispheres in t h is regio n , but 
a vermi s is al ways a very obvious p~rt of the posterior region. And 
it cannot be den ied tha t a di vision into a vermis and two hemis­
phe res i s a c onveni ence, if no t a necessityt f o r purp oses of 
description of the surfa ce anatomy of the cerebellum. Though 
the pa ramedian sulci may be shallow anteriorl y still , in the 
majo r ity of ani malst their presen ce can be made out . Bolk ' s 
own fi gure of the cerebellum of the Lemur (Fig . l ) shows this. 
At the same time it should not be forgotten tha t the pa ramedian 
s u lci ar~ quite secondary objects , as their late appearance 
i ndicates. 

In his considexation of the Looulus complicatus Bolk 
appears t o pay toomuch att en tion to the adult cond it ion, and releg­
ates the simple t ransverse arrangement df the fissures to too 
secondary · a place , though he. certiinl y does not overlook it. 
Indeed he mentions the fact t hat orig inally each pa rt of the 
posterior lobe consisted of two lat e ral portions and a connecting 
middle link. But , unless the embryon ic c ondition be emp loyed 
as a oas is for the d i vision of th e adult organ, there is g reat 
danger of falling into error when the comparison of c~r~bella 
of diffe re ntt · especially wid~ly different, an imals is attempted. 
This contention is illustrated oy t what t he _present writer consid­
ers to bet a mistake made by Bolk i n comparing his Lobulus para­
medi anus with the human "Tonsil". 

As an exp l anat ion of the m~e of production of the 
comp lex arrangement of the lobul ~~ of the posterior lobe, Bolk's 
arguments are ingenious and to the point . Bu t the fact that 
the complex ity i s secondary must not be l ost sight of. In another 
pape r Con the cere·oellurn of some New- World Monkeys ( 10)), speak-
ing of the pos t erior lobe, Bolk says that the circumstance, 
tha± in Hapale and Midas the lateral pa rts are j oined to the cor­
responding middle portions by · means of low ridges , leads one to 
suppose that in the poste rior, as · in the anterior l .obe, the sulci 
ori g inally ran uninte rrupted l y from one border of the cerebellum 
to the other. Therefo ret he asierts, one must consider tha~ the 
genes is of the sulci paramediani is secondary, and of quite another 
nature from that of the interlamellar fissures . On this po int , no 
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one, who has examined the bra in in embryos , will e /4press doub t. 
In his second paper Bo l k considers t he ce r ebellum of 

Hapa le, Midas , Chrysothri x 9 Mycetes, Cebus and Ateles, which he 
arranges in this order as· ·oeing one in which the g radual g rowth of 
compl e~ity of lobes among the New World Monkeys is best ind icated. 
The whole pape r is practically the application of his division of 
the cerebellum, as previous l y explained, to a series of concrete 
examples . 

In the large work on Human Anat omy at present appear­
ing under the editorsh ip of Professo r von Barde l eben, Z IEHEN( 11) 
describes the anatomy of the cerebellum at considerable length. · He 
di vides the cerebellum of Man into the followin g eight k2~Y1! 
cerebelli, as shown below. 

I. Lingula cerebelli ■ 

---- ~~---- Sulcus postlingualis. 
2. Lobulus central is . 

---- ------ S. Postcentralis (cerebel l i). 
3. Mon ticulus. 

a. Cul men. 
s. superior an ter ior·. 

b . Declive. 
S. superior posterior .-

4. Foli um vermis . 
S. horizontalis. 

5. Tube r ve rmis-
_____ .,.. ____ S. inferior posterior. 

6. Pyramis. 
S. inferio r. ·anterior. 

7. Uvu la. 
S. p raeu-vu lari s. 

8 . Nodule. 
It is interesting to note that, though he recognises 

the importance of the Sulcus superior anterior, Ziehen still con­
siders Culmen and Decl i ve t o be parts of one Lobulus cerebelli . 

A very elabora te descrip tion of the lobules of the 
human cerebellum follows; af ter which comes a section devoted to 
the comparative anatomy. Here sundry new names are sugge sted. 
The term Lobu l us_im2endens ' is used as it was in the monog raph on 
the orain of Mono tremes and Marsupials; that is, it is applied to 
the Declive and TU~er vermis in those forms in which these overhang 
the Culmen , e. g. in Rodentia . Ziehen's Lobulus eruciformis is 

' ------------------- ' 
found in the hemisphere and corresponds"without dou·ot to the Lobul i 
semilunares superior and inferior (of Man)". It is in the fo r m of 
a worm- like complex fn the Carnivora. The ter~ b2~YlY~-El1ei­
f2!!!11~ ' is used to indicate a finger-like lobule lying anterior to 
the L. eruciformis, and is evident in Ungu lates. Unde r the name 
of !l~Yli!~ . is included the parafl occu lus and flooculus, at any rate 
of some ani-ma ls• and it is suggested_ that it may co'rrespond, in 
part at least, to the "Tonsil". 
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In those animal s in which the looules of the vermis 
a re apparently fewer than in Man (e. g ~ the Rodents), the lobes in 
the posteri o r pa r t of the cerebellum are cons i dered either as 
Tuber ve rmis and Pyram id (including Uvula and Nodule ) o r , as appears 
mo re likely to _our author, as Pyramid and Uvula (inc l uding Nodu le ) . 
These conclusions are certainly not borne out by my own investig-
ations. It ha s been shown elsewhere tha t there is good g round 
for supposing t hat in the co mparatively simple cereoellurn ( of the 
r a boit, for example) it is the pyramid-and uvula which are combined 
( l obe Dt owing to the fail u r~ of a fissured. This mat ter has been 
touche~ upon in an e a rli er pa rag raph dealin: wi th the .conclusions / 
of Professor Elliot Smith , the points there mentioned may be held 
good in the present instance. 

Ziehen is doubtful regardi~g t he homology of the small 
lobule found below the Lobulus petros us of Rodents. This lobule 
I have endeavoured to homologise with the flocculus. 

There are other points to which attention mi ght be 
directe d, out the ao ove will suffic e to show the trend of Ziehen's 
admirable c ontriou tion to the literature ; a con t ribut ion which would 
have been even mo re valuable had it had an embryolog ical oasis, and 
had the brain of Min been used as a goal and no t as a starting-
po int. 

Ziehen's l atest paper consists of a description of 
the orain of Tarsius, Nycticebus and (;aleopithecus (12). The 
cerebe lla in these animals appear to be ve r y similar to those of 
the Rodents. It is perhaps worthy of re mark tha t in the fi gure 
illustrating the mesial sagittal section of the cerebellum of 
Tarsius spectrum (fig . 5) five lobes are indicated ; these being 
a lobulus centralis, culmen , . lobulus impendens, pyramis and a lobule 
stated to repres ent the c omoined uvu l a and nodu le. This last lobe . . 

is perfectly simple; but the "pyramis" is di v ided into two nearly 
equal parts by a mbderately deep fissure. 

Tile above may oe tai<en as including all thos e 
puolications which can be sai d to have a direct bearing upon what 
is to follow. It app eared out of place to discuss monog raphs and 
shorter statemeri ts which made their appearance earlier than 1895; 
or papers, in which the cerebellum has been incidentally me n tioned, 
publ ished since that date. 

In the following pages is contained an expansion 
of _the writer ' s previous research. Some additional ernoryon ic 
material ha s been investigated, and the examination of adult 
cerebella has been continued. The same methods, as ~hose used 
in the earlier work, have been follo wed. The brains of embryos 
have been carefully exposed and sketched in outline; all the fiss~ 
ures visib le to the naked eye, or by mears of an ordinary pocket 
lens, being introduced in their proper relati ve positions in the 
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s ketch. Then the whole cereoellum, or rather more than half of 
it where its size was considerable, was embedded in paraffin and 
serial sa~itta l sections cut. These secti ons have been worked 
through , ou tline drawings being made wherever alterations in the 
fissures were encountered . In this wa} the first outline sketch 
of the surface of the cerebellum has been checked . 
adult ce r ebella have oeen treated in the same way. 

The smal 1 er 
And in the 

larger organs microscopic sections have been made wherever the naked­
eye examination left any doubt · as to the connections of the lobules 
or the continu i ty of the f issures. 

SHEEP EMBRYOS . 

Although the development of the cerebellar fissures 
of the Sheep has already oeen described by Kuithan (2) there are 
still cer ta in po ints, upon which he is silent, which appear to 
require study. It is a matte r fo r reg ret that as full a series 
of embryos of the sheep , as have been already described of the pig, 
cou ld not be procured. But the oreakes in the series , as procur-
ed, can be filled, part ial ly at least, oy the ma terial described 
by Kui than. 

68 m.·m. embr1J....Q_. (F'ig. 1). At this stage the cerebel-
lum of the sheep presents much the same appearance to the naked eye 
as does that of the pig of a somewhat similar si z e (44 days. 64 m.m. 
See Fig s. 57 , 58~ and 59 of paper No. I.). It is very d i fficult 
to make out any fissures without the ai~ of a lens; and e ven by 
such assistance fissure !l is no t consp icuous. Mic roscopic sections 
however remove any doubt as to the existence of 11; and, further, 
reveal the presence of two shallow depressions which turn out later 
to be the beginnings of fissures !Y and~- Kuithan's fi gure of 
a section of th~ cerebellar lamina of a 5 c . m. embryo gives a ve ry 
similar pictmre to tha t presented oy the present specimen. On 
examining a series of sections, beginning in the middle line, all 
three fissures are soon found to disappear; fissure 11 oe ing the last 
to do so, as was to oeexpected. In sect ions of the lateral part 
of the cerebellum there is a faint fissure which may possibly be 
the initiation of!; subsequent development lending support to this 
supposition. 

87 m.m. embr!J.Q_. (Fig s.2 & 3 ). There is already 
the indication of a vermis and two hem i s pheres. Fissure l! is 
easily vi sible on the surfac~, and extends for a considerable d is­
tance, in a sl_j_ghtly curved direction, across the cerebellum. 
Pos terior~the fissure !l two depressions can be det~cted with the 
naked eye when the cerebellum is undisturbed; and there is a thi.rd 
hidden between this structura and the medulla. These three sulci 
are !Y, g :and 111; the las t being ve r y shallow. Fissures !Y and g ' 
cross the whole .of what we may term the vermis, and appear to be 
invading the hemisphe re. F'Jssure 111 does not ext end so far lat-
erally. Sections show unmistakably that fissure lY is con tinu-
ed to the very lateral boundary of the cerebe llum, w·he re it cur'ves 
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forwa~ds and downwards to circumscririe the anlage of the flocculus. 
this arrangement is one which has been met with in ~oth pig and rabb-
it. There are clea r i nd i cations of the separation of the para-
flocc u lus; that part which now represents i t standing out p r 0min­
entl y fro m the side of the cerebellum, li mited oy a fissure Which 
curves round its anterior end. The fissure ten tatively named! ' 
in the prev ious emoryo, is now sufficiently deep to be vis ible by 
means of a pocket lens. It is in the form of a slight indentation 
of that :rfilclnded mass of the late ra 1 pa r t of the c e reoe 11 um which 1 i es 
oe tween fissure 11 and the future paraflocculus (F' i g . 2 ) . Fissures 
land 2 have appeared in fron t of, o r rathe r oelow, fissure!!• 
The g reat er importance of 1 ' is shown by its being a little deeper 
than 2, and extending considerably farther la terally. 

100 m.m. embry_g__. (Fi g s. 4, 5 & 6 ) . In the posterior 
part of the cerebellum matt~rs hav~ not advanced much since the 87 
m.m . stage . Fissures lY, ~' and lll are certainly deeper, but 
li tt le more can be said for them. With the exception of !Y, they 
do not ·ex tend very far i nt6 the hemisphere s . The paraflocculus 
is possibly rather more distinctl y defined than in the prev ious 
specimen. Fissure ! ' is much the same as it was oefore . Posterior 
to fissure !l, therefore, development is now slow. But, as one 
expects from what ha s been found in other animals, that part in 
fro nt. of 11 has oecome very ac ti ve in its development. Fissures! 
and 2 are eas ily dete cted. Thei r depth, as shown in sections, 
is g reater than it was in the 87 m. m. ernoryo; l still ex tending 
farther in · a lateral direction than 2• 

114 m.m. · embryo. (Fi gs . 7, _8 & 9 ) • .G:reat progress 
has oeen made, ~ut more especially in t he more anterior region. 
Fissu re 11 now clearly reaches the marg in of the cerebel.lum; and 
the marg in in this district is sharply d~fined . F i ssu r~s ! and 2 
are very obvious; and sections show that lobule ~l is complicated 
·oy subsidiary ( intralooular) fissures. The poste rior part of the 
cereoellum is also entering upon a period of activ ity. Fissures 
!!! and~ are not much longe r ( relatively) th~n before, but they 
a re c e rt a in 1 y deep e r. F i s s u re ~ i s 71-0 w co mp 1 e t e , th a. t 1 s i t 
runs across the entire cerebellum. •Since the last stage a fissure 
9 has made its appearance; having begun, so far as one can ·judge, 
in the middle line. The flocculus and paraflocculus are very 
distinct; but the latter is st.~11 a simpl_e rounded projection from 
the side of the cereoellum, that is, it has not as yet begun to 
div i de into dorsal and ventra l portions. It is fo r tun~te that 
a staJ e, such as is illustrated by this embryo , was procurable ; fo r 
here all the fissures are firmly sketched i n, the detai ls on ly being 
lacking. _ :. It is further fortunate because the next olde r specimen 
is one in which .many ,if not most,of the details are added. 

163 m.m. embry__g_. (Figs . 10 & 11 ) . Viewed from 
the front, thi's cereoe l.lum pres·ents . features strikingly like those 
found in the adu lt. The foliation is abundan t, ·and the ma in fiss-
ures are deep . It is upon the pos t~ri o r pa rt that attent i on will 
be more part i cularly oe~towed; because here, though develpoment 
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has proceeded a considerable distance towards the adult condition , 
t he more pri mi ti ve characters of the lobes are not ye t l os t , their 
o r i g inal transve r se dispositon being still unooscured . Lobule Q! 
contains two f olia in t he verm i s , ou t these are i educed to one in 
the hemisphere . Lobu le gg has oecome quite characteristic . In 
the vermis. it i s composed of two folia. In th~ para median sul cus 
the intralobular fissure disappears , and the lobule become s constric­
ted. ,In the hemisphe re the re i s a notable indic;,,.tion of that ex­
pans ion in .a sagittal di rec t ion with which one i s so familiar ; this 
part of tha lobule has three fo lia. 

Lobu le Q§ is , in the main, very like gg . It has two 
folia i n the vermis; the r e is a c ons t ricti on in the reg i on of the 
paramed i a n -su l cus; there is an e~pansion i n the hemisphe re. Lobu le 
Q! has also. certain features of ~ reat va lue . It has two fol i a in 
the ve rmis- These are r~juced i n the paramedian su l cus; and then 
the lob~ler curving under the l owe r border of l obule Q§, bec omes 
directly,and beyond ques ti on, continuous with the dorsa,l parafloccul ­
us ; the connecting ridge oeing transversely foliated . Loou le Qg is 
larg e , bu t cannot be s a id tc pass ou ts ide the l imits of the ve rmis. 

Lone E in this emo r yo , and in those younger, is 
relatively. l arg e . If serial sections are examined, it is found 
to ex t end veiy consideracly oeyond t he vermis . It d i s appears for 
a short time, and then reappears as t he flocculus; whi c b is also 
relatively . larg e in sheep emoryos . 

The paraflocculus is divided i nto dorsal and vent ral 
halves, but how th e di v ision has been effected is not clear. Unfo-
rtunately Kui t han is sil ent upon th i s point. He, apparently, does 
not recognise t he true nature of the pa raf locculus, for he names 
part of it .the "verm is latera lis". At this peri od t he parafloc-
culus has p r oceeded so towards the adu l t condition as to be beset 
with transverse folia, especially in its dorsal portion. 

Alth ough the l Jul t ce rebe l l um of t he sheep has been 
alrea dy described (See pape r No . I. Page 231. F i g s . 103 & 104) it 
may not be .out of place to reve rt to i t here. Concerning the ant-
erior part .of it, the re is nothing to be s a i d, because the adult 
f eatures are r e co gnis aole at an early p er i od in the embryo . It is 
to the reg i~n behind fissure!! that a t tent ion i s asked . Lobule 91 
does not un~ergo any radica l change in the l ate r stages of devel-
op ment; but l obules gg and Q§ alter very markedly. In th e 163 m.~ . 1 

e mo ry·o, it has ·oeen seen that looule Q:? is constric t ed i n the pa.ra­
median~sulcus, and is of a g reater antero- posterior d iame ter in 

;: : 

the he ~isphere than in the vermis. These f eatu res are exaggerated [ 
in the, aduli. The vermis grows so large l y in a sagitta l di rect- , 
io n that d is to r tion is produced. The same remarks apply to lob-
u l e Q9, except tha t t he constrictionS@re even mo re ma rk ed, while 
the distortion in the vermis ·is little or no th ing . These pecul­
iarities in. the development of lobe g will be more fully consider-
ed in connection with calf embryos, f o r in the Ox the ~agittal ex pan­
sion is much greater, so far as the vermis is concerned , than in 
the sheep. 



16. 

Lobu l e s Ql and Qg_ retaj_ n their emc ryoni c condition, a 
fol ia ted ri dg e j oining t he fo rme r to the dorsal pa ra f locculus. 
Lo ce ~ in the adul·t, as in t he emb ry c , is r e latively well developed 
(c f. Fig . 105 of pape r No. I. The s hee.p is li ke the Go a t) ; but , 
unl ike t he condition in the emb1yo, it does not pas s the boundaries 
of the vermis. 

The parafloccul us and flo ccul us of t he adu lt call for 
no rema r k, as. t he 163 m.m . e mo r yo p repares one for the condi tion 
i n the fu ture. 

CALF EMBR.YOS . 

Three cal f embryos have been obtained wh ich , because 
o f their stages of de velopment , add considerably to the evidence· 
in support of some of the statements pre viously made. 

138 m.m. emb r1:1. o. (Figs. 12 . 13 & 14 ) • The 

c e r ebellum has a lready become di v ided into vermis a nd hemisoheres 
by shallow paramedi an s u l c i . A~l t he ma i n fi ssu res are present 
in the verm i s, and many of the~ extend all the way across t he 
cerebellum. As was found i n {he emb r yos· of othe r animals exam ined , 
the an terior po rtion has proce~ded farther i n development than the 

' poste rior . Fi ssu r e !! can r ~ad ily be de tected on the surface; 
and, wh en sect i ons a re made, it i s seen that it is of g re a t depth , 
and that 'it s sides are fo liated. Fissure · I 1and c ' can also be 

. - -
clea rl y defined when the s u rface is inspec t ed. Lobe A is compar-- ' • 

ati vely s imp le; but lobe§ is divi ded into two parts b y a fairly 
d eep fissu re which runs across the centra l porti on of the ce rebell-
um . In l obe C t here is very unmistakable ev idence of a fissu re!, 
which runs a sinuous cou rse ac ro ss bo th ve rmis and hemisphere. It 
is in te res ting to not~hat fiss u r e f? is al s o complete and, as, seen 
in sections, ve r y mu~h deeper than!~ Furthe r , i t see ms necessary 
to call a t tention to the fact tha t~ is ve r y close to!!; there 
b~i ng but . one foliun intervendng . Unfortunately this e mb ryo is 
too bld to exhi b it t he method bf commencement of fissures·! 1and ~ ~ . 

Fissures l!l and g are presen t , out are alITLOst entirely confined 
to the vermis. The re are shallow sulci mark ing off t he pa ra-
flocculus , but the mo re anterior 'is scarcely t o be made out ex cept 
in microscopic sec tions. It is i mpo rtant to notice that the para-
flocc u lus is be ing d iv ided into upper and lower port i ons by a dep­
r~ssion which is deepest anteriorly (Fig. 13 ); and whj_ch the:i;-efor 
has presumably begun i ts developmen1 in front, and is n ow g rowi ng 
backwards. The pos ition of the (u tuT~ f locc u lus is marked by a 
compa rativel y slight bu l g ing at the extreme lateral part of the 
pontine flexu re. Lobe~ is s mall in the middle line but becomes 

. . 
a little lar; e r l a terally. Its appearance suggests that pecul-
iarity of development from the border of the cerebellar lamina 
which has ·been observed in th~ raobit , and. pig. 

150 m. m. embr!I.Q.• (Figs . 15 & 16 ) . Little need be 
s ai d . of the condition of the p,rts in front of fissure!!• Fissure 

· .Q ~and l 'are both of considerabi~ depth, and numerous intralobula r 
fi.ssures have developed . Lobe· g ' _is now completely di v i ded into 
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its three l obules. Fissure~ has retrea ted from fissure!! to 
some extent, and is of much g reater depth than !, as was found in 
the p revious embryo. F issure ll'l 1 is comp lete, and, along with 
fissure! , bounds a very characteristic lo ou le Q§ which shows the 
sag ittal expansion wh i ch has been found in o ther animals. Fissure 
~ is more e x tensive than in the 138 m.m. embryo but, even now , does 
not reach very far into the hemisphere. It .i s still some little 
distance short of jo i n ing the fissure which has been previ ously 
descri'oed as di v iding the paraflocculus into dorsal and vent ral 
parts. Indeed it appears as though the latter fissure .is g row-
ing t owa r ~s 1 !rather than that~ is ex tending much laterally. The 
dorsal paraflocculus is showing signs of developing fissures. 
Fissure !Y is of considerable depth and very sharply defines lobe 
Q9 wi th it s l ateral parts, from looe ~ and its connection with the 
flocculus. 

175 m.m. embr1J.£.· (Fi gs. 17. 18. 19 & 20 >. This 
spedimen shows a f a irl y g reat advance in development. There is 
now no difficulty in distinguishing a vermis a nd t wo lateral hemi­
phe res in all parts of the cere~ellum wi th the possible ex ception 
of the most anterior. The ant e rior surface is well foliated and 
its main fissures of good depth. But , even at this stage, the 
lateral limits of looes ~ and £l are indefinite (Fi g .19 ). This 
may possibly be associated with t he re markably small lateral ex-
pansion of these lobes · in the adult (Fig. 21 ) • Lobu les Ql and 
gg, on the other hand, have very clear late ral ooundar ies. Once 
more it is to be noted that fissure Q is re lat i ve ly very deep and 
compa ratively 9lose to fissure II. · Lobule Ql is conse quently 
narrow in a sagi ttal direction. Locu le gg is well developed in 
the vermis and in the hemispheres; and is beg innini to show a de c-
ided cons tric tion in the reg ion of the paramedian sulcus. The 
vermis portion of lobule Q§ remains small, and still consists of 
only one folium. Its lateral s egments have increased unmistak-
ably in a sagtttal direction, and have bepome foliated. As a 
consequence of the lateral g rowth of lobule gg C which now extends 
a.s far out as the paraflocculus) lobule Q2 appears dwarfed in its 
tra nsverse diameter. Fissure g is of good depth in the vermis, 
but rapidly becom~s shaldow in the pa ramedian sulcus. Though 
there is no direct ev idenc e to be obta ined from the present mat­
eric.l, there can be little doubt, arguing from analogy, t hat it• 
will ultimately become continuous with the fissure which appeared 
in the earliest embryo, and which now divides the paraflocculus 
into two very distinct portions. The characteristic g rowth of 
lobule Q§ has resulted in a very clear definition of the parafloc-
culus. The dorsal paraflocculus carries two distinct fissures; ou 
the ventral paraflocculus i s still perfectly simple. Both the 
centra1 part of looe g: and also the flocculus are small; this 
bein~ in remarkable contrast to what was found in the sheep. 

0 

It is very interesting to compare this cerebellum 
with · that of the ad u 1 t an i ma 1 ( F i gs • 21 • 2 2 & 2 3 > • Lobes !: ' 
and B apparantly do not alter much in the lat~r stages of deve l -
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opmen t; but th e lobes oehind fissu r e ll underg o a remarkable alter-
a tion in form . In lobule Ql th e change is merely one of increase 
is size, with a resu lting backw a rd dis p lacement of f i ssure Q• In 
looule gg there is a g reat increase i n size in t he hemisphere, 
accompanied by an alte rat i on i n the d i rection of the i nt ralooula r 
fissures ; and so considerable a g rowth in the vermis that this part 
of t he lobul e i s bent upon itself, and even then occupies so muc h 
room th~t t he central segmen t of lobule Q~ i s crowded over to one 
side ( Fi i?;s. 22 & 23. The middle port ion of fissu-11e, .. ~ ····ran i n an 
almost perf ectly sagi t ta l dire ction in the spe ci men from which the 
fi gures were d rawn. The three por ti on s o f lobule Q§ also expand 
in an antero-pbsterior dire ution . As just stated, this lobule ii 
crowded out of t he vermis, and therefore comes to lie in, what was 
once, t he pa ramed i an sul~us. Those portions of t he lobu le which 
f o rm parts of the hemispheres are connected with t he fe r mis by 
very much constricted, but still quite obvi-0us, bridges. Lobe Q 
shares in t his antero- pos \eri or develo?ment, and, conse quently, 
its lobul•es p r esen t a s inuous app earance in the vermis; their folia 
being th rown out of the transverse di rec tion completely. The 
c onn ec tion be t ween dorsal paraflocculus and lobule~! is main­
tained in the adult state; but i s , to a certa in ex tent , obscured 
oy · the g rowth of lobule Q§ . The paraf locculus i n t he adu l t 
anima l is rather smaller t han is usually found i n Ungulates; and 
its arrangemen t in dorsal and ventra l portions is not so clear as 
in the embryos descrioed. It is evident t hat lobe~ mus t devel­
ope considerably after the stage illus trat ed b y the 175 m.m . embryo; 
for in the adult it is large and richly foli ated, usually ex tend-

i ing s o far backwards as to be v isible when the cerebellum is exam­
ined f rom behind (Fi g . 23 ) • The flocculus a.l so increases mark­
edly in size. 

It is hardly possiole to conceive of a cerebellum 
that illus t rate s Bo lk's concept ion of " growth-centres" more per-

, fectly than that of t he Ox . He re the " growth-centre" in the verm-
is expa.nds in a s agittal, but not in a transvers e, direction. 
Th is expansion is so g reat that t he who le vermis behind fissure b 
i s th row n ' i n to a· numb e r of ·o i 11 ow i n g c o il s • Bo 1 k ' s b i 1 at e r a 1 

•"growt h-centre s" are also illus trat ed , ·out not in so strik ing a 
manner a s that in the vermis. 

HORSE EMBRYO. 
18 weeks old. (Figs. 24. 25 & 26 ) • I have only 

been .ab le .to g et one embryo which shows the method of deve l opment 
of the·fissures in the equine cerebellum. Bu t this happens to 
be of a stag e to which g reat interes t is attached. There is no 
diffic~lty in distinguishing a vermis and two lateral hemispheres , 
~ven in the anterior reg ion. Fissures 9 and! are well develop-
ed ; the latter being only second to fissure 11 in poin t of depth 
(Fi g .26 ) . No bet ter specimen could be desired to support the 
a ss ertion that fissure .! . is of. fundamental impo r tance . This 
fissure evidently continues of g reat depth from the time ·~pf ;the 

.l 
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18 weeks embryo onwards. Fo r in the adult anima l it i s only slig-
htly shallower than fissure ll (see Fig . 109 of pape r No. I). 
Looule~! is bec oming divided into its permanent three subdiv i sions. 
Th ere is a fairly deep indentation of the surface of lobule !g 
which, no doubt , corresponds to the de epe r of two intralobular fiss -
ures met with in the adult brain. Lobe~ is relative l y as exten- . 
sive as in the adult, and has already beco me subdi v ided. Fissu re 
11 is as pronounced as one would expect it to be at so advanced 

1 

a period. Looe g is comparati ve ly l arge and consists of three :I 
expanded po rtion separated oy faint const ricti ons in the paramedian 
sulc i. In it are two fissures which may possibly correspond to 
fissures~ and !J Fissure ~(9) crosses the ent i re cereoe llum, 
and the element of douot which attaches to it, as regards homology, 
is not so ,,; reat as that conce r ning fissure · a('9) . Fissure ~( 9 ) is 
presen t, as a shallow depression, in the vermis but does not cross 
the p ~ ramedian sulcus. There is a fissure running from the border 
of each he misp"here towards fissure ~(19), but no~ jo ining it. If 
this be indeed fissure! -and older mater~al is needed t o remove 
all dubiety- then it either deve l opes somewhat diffe rently in the 
horse from what has been found in the · emb ryos of the pig and sheep, 
or else a phase of its grow th has been caught in this specimen 
which has been missed in the others. The former view seems the 
more probable. Fissu re 11!, though not of any g reat dep t h , i s 
complete. Lobe Q p r esents the most interesting feature in this 
cerebellum. Those portions of it which wi ll ultimately 6ecome 
parafloccu li form very prominent project i ons from the sides of the 
cerebellum. They are, as ye t , pe r fectly simple ; out it is evid-
dent th~ t fissure g is g radually g r owing into them in the manne r 
in which it deve lopes in t he pig's brain . F r om t he mat erial 
examined we may conclude that the dorsal and ven t ral port i ons of 
the paraflocculus are separat~d off fr om the pr i mar ily sing le mass 
in at lea.st two dis tinct ways. on · the one hand , fissure g 'may 
ext end laterally; as in the pig and horse . On the other hand, 
an i ndependent fissu r e mai appear in the most latera l part of this 
reg ion of the hemisphere and g row fowards fissure QJ with which it 
finally un i tes . The latter meth od is found i n the Ox , and possibl 
also in the Sheep . Conce rni ng lobe§ one need only r emark that 
it i s fairly l aige i n the ve r mi s ; and that t he flocculus i s as yet 
small and i nconspi cuous. An examination of the adult cerebe llum 
shows that, though t here is some distortion produced by the grow th 
in a sag ittal direction of lobu les ggand g~ in the verrn is, this 
is not near l y so marked as i n t he Ox, nor does it involve l obe Q, 

The connection oetween lobu le Q! and the paraflocculus dorsalis 
i s always distinct in the adult . 
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DIDELPHIS AZARAE. (Figs. 27. 2 8, 29 & 30 ) • 
Opportuni ty ha s on ly been afforded me of ex ami ni ng the cerebellum 
of one Marsup i al , and that is p r obab l y not to be considered as 
ve r y typ ica l of the g roup . Bu t the cerebell u m of the Opossum, 
which I have,has been found to furnish several points of interest. 
A first g lan ce at the cerebellum of Didelp n is sh ows one an org an 
ve r y simil a r to that fo und i n so me of the Rodents. There i s the 
s ame comparati v e simplicity, and the same prominent Lobulus p~t­
r osus . In lobe , no paramed i a n sulci can be even imagined. A 

fis s u r e 2 is prese nt cutting of f a s imple , undi v i d ed lobule~!• 
Lobule i g i s larger than t h e pre cedi ng and is subdivided into 
two parts , ea ch of which has two folia on the surface. Fissure 
11 i s deep ; transverse in dire c tion in the ,,e rmis; curv ing sharply 
downwards and f o rwa rds on reaching the pa ramedi an s~lcus, and runn­
ing in a sag i t t a l direction in the sulcus. Lobe~' as the result 
of the course of fi s sure 11, presents a fo u r-sided area on the sur­
f a ce . Th is lobe is r e l a tively la rger than it is in most animals, 
and is subdi v ided by a fissure r unn ing al mos t parallel with 11•· 
Lobe Q is a veritable loou lus_i mQendens, in the sense in which the 
te r m i s used oy Ziehen. It is very mu ch g reater in i t s antero-
poster i or diamete r in the hem i s pheres than in the vermis. Wh ether 
a fissure ~ ! is pr~sen ~ is open to ques t ion ; but there can be little 
douot of t he actual i t y of fissure~' which, running a curved course 
much as it does in t he raooit, cuts off a distinct lobule Q~. This 
lobule consists of two folia in the vermis, ~u t is reduced to one 
in the hem isphere. At f irst sight it app eared as though lobule 
Qg was continuous with the pa raf locculus; but t h i s was fou nct · not 
to be the case. Fi s sure !!l passe s f or a considerabl e di stance 
int o the substa nce of the cerebe llum and r uns a course similar to 
thi t of fissure!~ Lobe Dis s ubdivtd ed by a fissur e ~ which 
sections show to be even deeper than III . Lobul e Ql h~s one fo l-
only; lobule g~ has two. Fi ssu~e ! ! and l obe & do not offer 
anything of interest so far as a naked~j yi ex amination is concern-
ed. It be in g cons i dered a dvisable to make P.e rfectly certain 
regard ing the a r r ang ement of lobule g~, lobe Q and lobe~, serial 
sec t ions were made and examined mi croscopically . The facts thus 
adduced were found to repa y the t r oub l e. In .the vermis these thre 
parts were found to cons ist of six folia , which may be numbered 
as follows:- l and 2 oelong to looule Q9; 3 belongs to lobule Ql; 
4 and 5 are parts of lobule. Qg; and 6 is lobe &J In trac ing the 
various f o lia in a lateral directlon the followin g was observed. 
Folia 1 and 2 , and 4 and 5, blended w:i.th each other; i.e. lobule Qg 
and lobule D2 were reduced to one folium each. Then folium 3 
g radually became less and less pro mi nent, and finally d isappeared. 
Then folia 4 and 5 terminated, giving p l ace to a wide sulcus the 
bottom of which was f ormed of white matte r. Folium 6 was next 
greatly reduced in size and came to consist of a small ridga of 
g rey matter. Now, g rey matte r beg an to appear at the bottom of 
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the sulcus left after folia 4 and Shad come to an end . This was 
found to bec ome the parafl occulus . At the same time folium 6 
began to increase in size. Folia 1 and 2 diminis hed rapidly 
and finall y , after bec omi ng detached from the rest of the hemisph-
ere, ended. Fo lium 6 was ultimately traced into the fl occu l us . 
To sum up . Loou le Q§ ends at- the border of the hem isphere. The 
who le of looe Q soon co mes to an end when th e limits of the vermis 
are passed. Lobe E however is directly continuous , as a g rey 
ridge, with the flocculu.s . Th is last fact adds considerably to 
the strength of the as s e rti on that the flocculus is a part of lobe 
~' and of nothing else. _T~e paraflocculus beg ins to appear in 
the depths of the sulcus left oy the disappearance of looe Q• This 
would lead one to suspect the orig inal connection of these two pa rts 
of the cerebellum, even if one had no other evidence . 

To the nak•d eye the paraflocculus consists of sever­
al folia and carries a very d ist inct Lobu l us petrosus, which is 
clos el y invested by bone . The flo9culus consists of one folium, 
and its identity is on ly rendered clear oy micros c opic sect i ons . 
I t expands to a certain extent as it passes f orwards. 

PTEROPUS MED /US & XANTHARPYIA (ROUSETTUSJ COLLARIS. 
The cerebella of these two fruit-eating Bats have 

been examined; and are fauna to be ve r y similar to that of Pterop­
us po liocepha lus (See page 125, and Figs 46, 47, 48 and 49 of 
paper No. Il. In describing the cerebellum of P. pol i ocephalus 
I said that "there is apparent ly no fissure Si'°· The new materia l 
leads me to t hink that this is possibly not the case. It is quite 
likely that the fissure marked l in the figures should be called 
9; and that the fissure two fo lia distant above it should be indic­
ated as deeper and l abel l ed l• This is a point, however, upon whic h 
further observat i on - of embryos, if possible- seems necessary 
oefo re anything definite can be.said. The specimen of p. po lio­
cephalus which I investiga ted before may not oe qu ite typical ; or 
there may be slight differences in the fruit-eating Bat s. 

HERPESTES MUNGO. (Figs. 31, 32, 33 & 34 l. In some 
respects the cerebellum of the mongoose depart s from the truly 
oarnivore type. Its a ri terio r portion presents no thing very re-
markable; there being the usual fissur es and lobules, d i sposed in 
the customary manner . If ~e t ake the deepest and ~ost continu-

1 
ous fissure in Lobe g to be fissure~ , t hen lobule Ql is r emark-
abl y small. It cons i sts of three folia in t he ve r mis, but these 
become two in the left hemisphere, and on l y one in the right. 
There . can be little doubt rega rding the presence uf a f issu re! 
in the hemisphere, where i t is p laced in a positi on usual among 
the Ca rnivora . But this fissure cannot be traced with certainty 
into the ve rmis; thoug h there i s a su lcus , at a distance of two 
folia aoove fissure !11, with which it may be connected. Lobu le 
gg, i s of moderate s i ze in the vermis , but becomes const r icted, in 
a ~arked degree, at the pa r amedian sulcus . Lobu l e ¢3 has very 
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typ ical ca rni vore charact e rs i n t he he mi sphe r e. In t his region 
i t is developed i nt o a row of fo li a, runn ing o rac ti cally ve r t ical-
ly and reach in~ t he medulla. Lobu l e Ql is rather s ma ll , and ooth 
it and l ooul e Q~ are limit~d t6 the ve r mis . The re is n othi ng 
r emarkab le aoou t lon e E. 

The paraf locculus of t he mongoo s e depa rts t o a cert a in • 
exten t from what may be conside red the type . A s uperfi cia l ex am-
ination would l ead to the con c l usion tha t the re i s but one row 
of fol i a. On looking more closely into i t , however, t wo rows are 
discl osed; that is to say t here are r e al l y a paraf locculus do rsalis 
and a p a rafloc culus vent ralis . But t he ventra l po rtion is small 
and ex tends backwards for on l y a short di stance , t ai ling away in 
the interval be t wee~ the floccul us and the dorsa l paraflocculus. 
A looulus pe trosus, of some s i ze, is car ri ed oy .th e vent ral pa rafl- 1 

occulus ; out, insteaa of spri ng ing f ro m the most posterio1· end of 
the pal'o. floccu l us, i t is attached tow~rds the anteri or end . 

The fl oc culus i s rather larg er relat ive ly than is 
mostly found .in the Carn i vora. Its ante r io r end i s broad and c om-
pos ed of two or three folia. These fuse to form a single grey 
ri dg e whl ch passes inwa rds to become continuous with looe ~ in the 
verrnis. The connection of this r idg e with the posterior med ul-
lary velum is intimate . 

PROCYON LOTOR. (F i gs. 35, 36, 
ce r ebellum of the r acoon r esembl es , in its 
organ in the mod erat ely large carnivora. 

·37 & 38 ) • The 

general f eatures, t hat 
A detailed des cription 

of all its pa rt s is perhaps not .called for, since t h e fi s ures in 
illustrat ion of this ce reoellum speak for t hemselves. Bu t t here 
a re some po ints to ·which i t i s deemed adv isab le to d irect at t ention. 
Fissures g and I and lobe A are ve ry like these features in othe r 
cerebella. The large size of l obe ti, however, is remar'.{able ; 
as i s a lso its almost entire inclusion in t h e ve r mi s because of 
the curved boundary formed by fi ssure!!• Looe g is of g reat 
interes t. The identit y of fissure~ is within t he bounds of 
doubt. If the f i ssure marked~ in t~e figu res is r ea lly ho mol­
ogous wi th the b~undary b~twee n lobules Ql and gg in other animalsg 
then one at once notices it s asymme\r ical arrang ement . Lobule gg 1 

shows, in a marked deg ree, the character istic sag ittal expansion 
in the hemisphere, with the result that it s folia run in several 
diff e rent d irections. Fissure tis very deci de d in the hem i sp~-
ere, out when traced mesially it becomes lost in t he depths of 
fissure!!!· F rom thi s it follows that one cannot distinguish wi th 
any certainty a lobule g~ in the vermis; thoug h sections show a 
fissure which may at one time have been pa rt of ! J Lobule g~ in 
the he~ isphe re is c omparat ivel y small9 consisting of a curved row 
of some half doz en folia, against which the dorsal p a raflocculus 
abuts. The r emai nder · or the lobes do not depart t o any very g reat 
extent from the customary arrange ment. But it should oe noted 
that lobule Dl is continued into the h~~isphere as two f~ lia, one 
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of which, the upper, is the larger and touches tt)e dorsal para ­
flocculus. Louule .P2 is confined to the verm is . The pa railoc­
culus is compos ed of t ne usual dorsa l and ~entral port ions. The 
dorsal pa rafloccD lus is much the l a rger and e~ tends backward to 

a c onsiderao le amount. Sc fa r as t hi s speci men is concerned, one 
might easily commit the mist ike of suppos i ng tha t the dorsa l para­
flrccul us is a continuation of lobule g~. In sho rt, there is 
an appearan c e typ ica-1 of the Lobu l us_a.ns iformis of Bolk. So far 
as a naked-eye examination g oes~ there is no connection of l obule 
Ql wit h the dorsal parafl occulus ; thoug h we U!el fairly -safe in 
asserting tha t such a conn e ction was orig inally pre s ent, a~d that 
t he coil ed row of folia, w·hich Bo l k ca lls the Lobulus_ansiformis, 
is of secondary development. The ventral paraf l occulus is small 
and does not reach so posteri or a level as doe s the dorsal para-
flocculus. The fl~ccul us , as i s often the case i n the Ca rn iv7 

ora, is sma ll and consist s· of one f oliurn only ; it is mainly hidden 
o y the paraflo ccu lus , be tween which and the roots of the 7th . and 
8th . crania l nerv·es it lie s.· Its at tachment to the lat eral part 
of t he posterior medullars ve lum is a ve ry close one. 

VIVERRA GIVETTA. <Figs. 39, 40, 41 & 42 ). In t his 
cerebellum there is certainly no paramedian sulcus anterior to 
fissure !!; t he refo re it afiords an excellent example in support of 
Bolk 's refusal to recognise a ve rm is . The fissures in th is 
reg ion being numerous, and al l of aproximately the same depth, it 
is impossible to decide with cert ain ty upon fissures land 2 · 
Still a fissure J_ can be ten ta t ively fi xed up on , from an observ­
a t ion of t he arrangement of t he rays of white matter in a mesia l 
section. Lobes A and~ have a relati vely great. antero- posterior 
diameter, which~ no doubt, makes up for their comparatively s ma ll 
transverse width. This exuberance of sagi t tal development 
causes fissure !! to be placed far back in the verrn is. 

Lobe g 1 is very singular. Fissures~ and! cannot 
be distingu i shed; nor can th e different lobules oe determi ned upon 
from t he disposition of the fo lia. The most anterior part of t~e 
l obe certainly resembles lobule Q! as we are accustomed to see it . 
But its ooundaries are not clea r . It is, howeve r, in the poster­
ior part of the looe that the most noteworthy featu res are found . 
There is the customary narrowing of t he lobe at t he para rnedian 
sul cus, and the consequent reduction in nu~b e r of the intralob­
ular fissures . But these fissures are remarkable for the way 
in wh ich they join together just as the paramedian sulcus is rea-
ched . In the hemisphe re the fis sures mostly fade away, as they 
pass inwa rds , without j o i ning each other. 

In lobe Q ' the pa r amed ian sulci a re much shallower 
than is of ten found to be the case in the cerebe llum of a· ca rn­
ivore of this s i ze. Loou l e Q! has t hree f olia in the vermi s. 
But in the hemisphere ' the low es t folium is very slender and soon 
fades aw~y . Between l obes Q.and QJ and close to the pararne dian 
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sulcus , is an uncert a in area on each side (dot ted in Fig . 41 ) • It 
i s connected, quite d istinct l y, with both looe g and l obu l e Q!; 
and it J.s i mpo s si'ole to de cide to wh i ch -it really oelon6 s, t houg h 
its positon makes one think tha t i t represents l ooule g§ . Whether 
th i s is an accidental va ri at ion , or the usua l arrangement i~ Vive rra 
civetta , can on l y be decided f rom th e ex~mination of more specimens. ! 
It may, howeve r , be at once stated tha t Viverra ma laccensis do es 
not offer a similar en5.gma (Fig. 43 ). 

There is nothing peciuliar in looule gg. It belongs 
exclusivel y ,t o the ve rmis, Looe JI: is f airl :y larg e 9 and is inter-
esting because i t shows a condition only occasionally met with. A 
grey lamina ex t end s for some distance ou twards from i t, running 
under lobule Q!• This lamina or folium is a t ta ched to the poster-

. ior medullary velum and teaches nearly to the posterior erid of the 
flo cculus, which is a lso attachea to t he vel um . 

The pa r a flocculusis very o rd inary . I t is compos-
ed of the usual two pa rts , t he ventra l of which carri es a lobu l us 
p etrosus at its posterior end. The flooculus is ma inly c onc eal-
ed . At its an te r ior end it consi s ts of two fo l ia, one above the 
other. The upper f oli um i s s mall ; th e lowe r · extends as f ar back 
as t he pos te rio r end of the do r s al pa raf locculus, a nd is then con­
ti nued oy a ve r y narrow r i dge to the £ Iey l ami na o r folium pro-
jecting from l one ~~ Thi s should be r ememoe red in connec ti on with 
what has already oe en said to obta in microscopically in Didelp h1s 
and mac r oscop ically in Herpestes, and with ·what is ye t to oe remark­
ed in Ceous. 

VIVERRA MAL.ACCENStS. (F ig. 43 ). This merits specia l 
mention because of the particulars in which it di f fers from the 
cerebellum of V. civetta. Lobes ~ and~ a r e the same in both 
animals; and there is the same di f ficulty experienced in determin-
ing whi ch are the pr imary fis su re~ante r ior toll• It i s in lobe 
C that the chi ef differences r eside. One feels again the same 
hesita t ion . in de c iding upon a fissure~ [ bu t fi ssure t can be more 
readily recogni sed . I t s positon in t he hemis phe re is clear, as 
it forms the upper boundary of a ve ry typical lobu le g~ in this 
area. And it can be trac ed, t hough not ve r y easily, across the 
vermis . Looule C2 shows t ha t bend ing upon itself which has been 
frequently seen , and t he radia tion Of its folia f rom a deep sulcus 
which has arisen seconda ril y as the result of the bending . Loo~ le 
g§, as s a id above, is fairly typical . Its l a t eral ex t en t is 
inoons ide r al:, le. In the hemispher9 it c ons ists of a ver tica l row 
of ao out four t ransverse folia; and in the paramed ian sulcus it is 
narrow. The re is no uncertain area such as was met with in v. 
civetta. As in t he larger ani mal , t here is no di f ficult y in ob-
serving the connecti.on of t he three parts of l6b~le Q!• · •There 
is no conti nua t i on of either lobule Qg or lobe & beyond the ~ermis . 

The paraflocculus is like t ha t of V. civetta; and 
the f locoulus is smal l . There is no a ttempt at continuity of 
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ne rve ma t ter between flocculus and l obe E. 

PHOCA VlTULINA . (?igs. 44, 4b, 46 & 47 ) . With 
the possib le exception of the Cetaceans , no m~mma l has so puzzl ­
i ng a cerebellum as tha t of t he Seal. At first sight it pre s ­
ents an apparent l y inex t r icaol e tang le of fissures and coi li ng 
lobes. Besi de it the cereoe ll um of Man appe ars compa ratively 
simpl e; for in Man t he fissures do run transve rsely in the mai n , 
but in the Seal their course is i n all direc t i on s. A clos er ex-
amin a tion shows that the labyrinth occurs i n the hem ispheres , the 
verm i s be ing almos t pe rfectly straigh t- forward. 

Taking t he or~an as a wh~le, i t may be des c r i be d as 
dec idedl y f l at t ene d from above t o below. This is perhaps oest 
indica t ed by the a ctua l measurement s of t he vermis of a cerebe ll um 
af t er ~eing preserved in a solution of forma lin followed b y alcohol. 
I n t he particula r specimen from whi ch the accompaning f i gures were 
made, the ve rmis me asured 37 m. m. f rom bef ore to beh ind , and 23 m. m. 
f ro m ab ove to below . These fi gu re s are approx i ma tely equal t o 
those gi ven by F l a t au and jacobsohn ( 6. p. 33(?) , who men ti on the 
di mensi ons of the vermis as being 4 ' 0 c. m. by 2 ' 4 c .m. This 
ve rti cal flattening is even more pronounced in the hemisohe r e, Wh i ch 
slopes somewhat rapidly downwards and outwards from the vermis 
(F i g . 45 ) • The hemisphere, further, ho.s a g reat e r ante ro-p os t-
erio r diameter t han the vermi s, s ince it projects farthe r f orwards, 
<Fig . 44- ) • There i s a deep and moderatel y wide notch in the anter-
ior border ("Incisu r a cerebe lli anterior"), out no c or resp onding 
no t ch oehind. The ve r mis appea rs narrow; bu t this appearance is 
doubtl e ss fi ctitiou s, and p roduc ed by the g reat expans i on of the 
h em i s pheres. An te rior to fissu re 11 t here are real ly no pa ra-
median sul ci; but poste rior to th is fissur e t he sulc i are deep . I f 
we except f issures! and~ which are rather doubtful, the re is 
li ttle di ff iculty in r ecognising the va rious customary fiss~ res , 
lobes and lobules in t he ve rm is . There is cert ainly a de ep fiss­
ure in lo~e g whi ch one feels inclined to ca lJ ~; bu t i ts identity 
is los t as s oon a s i t reaches the pa r amed ian sulcus. There is 
a lso a moderately deep fis s u r e an t erior to f ; but it is by means 
cert a i n that t hi s is fissure Q• 

Un l ike the ve rmis , the hemis pheres present ma ny , 
i nstead of few, difficulties. Lobe ! 'and ~ are compa ratively 
simp le:· the l atte r fo r ming the bottom of the notch already mention­
ed as existi ng in the ante ri o r border of t he cerebe l lum. Lobu le 91 
is only slightly ·m o re d i fficult t o r ecognise than~ and~- Bu t 
the rema in:ing lobules g ive rise t o much hes ita t_ion, as they are 
very confused, and deep fissures are plent iful . , I t i ~ well nigh 
i~possible to follow the fissures of the vermis into the hemisPh-
ere; indeed, in som0 case it is quite imposs ibl e to do so with 
ce rtainty. The following statement s are put f o rth, therefore, 
as appea ring to me possibilit ie s and p robab ilities, no t a s m~tters 
o f certi tude . I t is difficult to see how we canoe positive regar-
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;-. ... 
ding the homo l o~ies jn this pa rticula r region of the Seal's cereb-
ellum, until someone has oeen for tuna t e enough~('\ ge t 2 .. n embryo 
or embryos of an age when the fissures a nd looes are s i mple . 

It appears f eas io le that t he l a r ~e looules, which 
p roject forwards ~nd f o rm t he lateral bounda ry of the notch al rea­
dy spoken o f, are lo~u l es gg. Th e y occur as a doub le row of fo l ia 
connAc ted ante r iorly ; and one c ~n easily imagine that the o rigi~ally 
few and tran s ve rse f o lia have inc r eased so enormous l y in number 
that t he lobule has be c ome bent upon i tse lf. Th is wou ld de mon-
s trate the much exaggerated a ct ivity in a sag i ttal direction of 
Bo l k's lateral "growth-cen tre". I f t he a b ove suppos iti on is 
correc t9 then the lobule, which is p l aced po.sterior to th e larg e 
douol e row of fo lia, is looule C3. One can speak a little more 
conf idently of lobule Ql • lt. cons is ts of an extreme ly well dev-
eloped ve rmis portion , and two rows of transverse f olia i n each 
hemisphere; the three parts being modora t ely we l_l cohne cted to­
gether , i oe. t he pa.ramedi a n sulc i are not so deep here as in some 
other places. Lobule Q~ and lobe~ do no t extend i nto the hemis-
phe re . A+ fi rst sigh t the parafl occu lus appears to be to o enor-
mous to co r respond to thj paraf looculus of ot her mamma ls, but a 
clos e examination of it leaves one little opt ion. The douot that 

·the whole of i t is the homologue of the p~raflcoculus in t he res t 
of the mamma lia i s small. The d orsal p?rflocculus is mu ch 
l arger t han the ve ntral, ahd consists of a number of r a d ia ting 
mas s e s of fo lia. F r om a point a little in f r ont of the middle 
of its lower surfa ce spring s a lobul~s cetrosus. The ventral . . 
pa r a floccul us is very mu ch sma ller , and l i.e s a l ong t he s icte of the 
~edulla oblongat a immedia tel y behind the pons ( F i g ■ 46 ). The 
flocculus cannot be seen until the ven tral pa rafloc6 u lus, a bove 
wh ich it lies, is r e mo ~ed. 
e d of a row of folia. 

It is moderat el y large a nd is c ompos-

The a bov& .account di f fers i n s ome poin ts from tha t 
g iven O} F latau a nd Jacoosohn, but 1t i s one wh ich seems best 
fi t ted to bring the cerebellum of the Seal i nto line with that of 
other mammals. 

THE CEREBELLUM IN PRIMATES . 
The brai ns of Hapale jacchus, Cebus capucinus, Mac­

acus rhesus (two specimens)9 Cyriopithecus niger and Cercoce6us fu l­
iginosu s have bee n exa mined. The de s iription of the cerebellum 
of the first named had better be g i ven sepa r a tely, as it form s a 
simple starting point in the consideration of the oer~bellum in 
the- othe r P rimates . The other specimens will oe described to­
gethe r , since they do not dif fer sufficiently widely to -justify 
individual consideration~ 

.l!J!P..J!:..k_jacch.u.s.(Fi gs. 48 , 49, 50 & 51 ) . At the ve ry 
first g lance one is struck with the r emarkable simplicity of this 
cerebe llum. It is certainly not a simplicity of so severe a type 
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as that mP.t with in some othrr small ma:nmols, bur it is sufficient-
ly prononHced to call for rema.rk. P;;ir2tmed:i n sulc:l ;)_re exceP-d-
inglJ fain t in lo6es ~'~and g. In thn remaining lobes they are 
easily recognisable 9 out not deep.. Th e nur.10• r of .folia in the 
vermts is small enough to allow one to speak of the different l obes 
in thjs re2ion as oeing composed of a certa in n~mber. 

Fissure ! i s very easily r0cognisad in mesial sfct -
ions. Its depth is aoout as great as that ~f any othe 1 fissure 
with the excep ti on cf fissure ll· Lobe A c ons i sts of five fo lia; 
three of which go to l obule !! ; the remainin~ two to lobule~~-
Fissure f is undoubted. It is difficult to say if lobe j assist s 
in the formation of th e hemisphere, owing to the doub t ful character. 
of the paramedian sulci at this point . 

Fissur0 11 · is p laced farther back than one would 
expect in view of the comparative simplicity of the cerebellum as 
a whole. Consequ en tly lobe~ is relatively large in the vermis, 
but becomes much more restricted in the hemisphere owing to the 
course of fissure !! in a downw ard and forward di rection. Lobe B 
consists c f five fo l ia in the vermis ; but this numbAr is reduced 

. in the hemisphere. Only one , or possibly two, of the in t ralob-
u 1 a r f i s sure s i s what Bo 1 k w o u 1 d des c rib e as " co mp 1 et. e" , i. e • runs 
completely across the cerebellum. 

Looe Q calls for a somewhat detailed description. It 
consists of four folia in the vermis; bu t in the hemisphere 
- fo l lowing the customary behaviour of this lobe- its f olia are 
more numerous. Three of the f ol ia pass outwards and fo r wa rds 
to the border of the cerebellum wi t hout undergoing any alteration. 
The fourth foli11n is connected with several short foli a which are 
arianged in a rad i a t ing manner ; the i r cen tre of radiation be ing 
towards the middle l ine . · This increase in number of the folia, 
wi th a corresponding increase in the size of lobe Q, is what we 
have been led to expec t; but tlio point to which attention is asked 
is t he comparative simplicity of their arrangement i n a cerebellum 
in which, as will oe shown immediately 9 certain poin t s are much 
better developed than is custo mary i n cerebe lla wi th a sirapl e lobe 
c~ Neither f issure I nor~ can be determined; thou~h serial 
sections through the whole of one half of the cereb ellum have be en 
made and ex~rnined microscopica ll y 9 in o rder to settle t his and some 
other parti culars to be presently detailed. 

Lobe R is divided into its two looules by a very 
distinct f issure ~- Loriule Rl 6ons ists of two f6lia in both ve rmi 
and hemisphe re; there be ing no difficul t y in dete r mini ng th e con­
nection of the two dis tricts, owing to the comparat i ve shallowness 
o[ the pa ramed ian sulcus. Lobule R~ a l so carries two folia, but 
do es not r each the hemi s phere . 

Lobe!;; 1is l ik ew ise co mpos ed of two f olia -or -one 
co mpound folium- and micrdscopic sections show that it ent irely 
disappears at the limil s of the verrnis, and a white a rea takes its 
place. Considerable dif ficu lty has been experi enced in arriving 
a t any conclus ion as to the line of separation of flocculus and 
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Pa:raflocculus. The•.'e is a well dpveloped end clearly =:l:ef L . eJ 

defined Looulus pPtrosus whic h , attached to the cerebe l lum oy a 
n~rrow neck, is closely su rrounded by a capsule of bone. In 
addition there are five folia lying anterior to the point of att ­
achm~nt of the looul~s petrosu s ; and it be comes a quest ion as to 
how many, if c:in~;~ of these belon:-; to the parafloccu l ns . Unfort­
unately Bolk ( 10) a.f fords no asQ:l,13t ance, since he doe s not men­

tion tnese folia in t he text of his paper, nor do they appear in 
h:is text - figures. In fig. 2, ·Taf. II. he apparen tly shows two 
of them, out here they are s imply laoe ll e_d " Form ._ verm" ( Form,iti o 
vermicularis l. An exa~i nation of seri?l mic roscop ic se ctions 
leads one to conclude that, as in t he rabbit, these folia anterior 
to the lobulus netrosus all belong to tha fl occulus. In looking 
over section ~ eginning in t.ho middle line, it is first noticed 
that a trace of grey ma t ter appears in the small a rea of white 
matter which has oeen · left on !he disappearance of lobule Qg and 
l ooe E. This g r adually increases until it becomes a veritab le 
fol.ium which ultimately divides into two, an upper and a lower , to 
the former of which the lobulus petrosus is attached. There 
can be little douot that this js th e pa. raflocculus ; ·o.nd, inctden­
tally, it may be remarked t ha t its mesial com~s nc e men t lies far 
under lobule Q! i.e . i t commences wi thin measuiable d istance of 
the vermis. No microscopic conne ct io_n can be traced oetween the 
parafl occu lus, as just descrioed, and the five folia in the anter-
ior part of the cereoellum. Th ~y a re therefo re held to const-
itute the flocculus, which, as in t he raobit~ is far removed from 
the vermis. This is a point , however, upon which embryology 
may have much to say. 

Cebu§ capu.-einus, Macacus r~~sus, · Cynop_ithecus 
.!]j_ger and Cercocebus fuLiginosus. 

(Figs . 52 to 64 incLusive ). 
These ··cere'oella wili be described toge ther as their 

resemblahce is very great. I ndeed CynopithAcus and Cerc ocebus 
so closely resemol el_ont) another that one set of figures will s erve 
equally well for e ither the one or the othe~. I n the anterior 
part of the cerebellum t he re is litt le to note. Until lobe g ' 
i ~ reached9 the lobes, looules and fissures are not unlike those 
already met wit h in animals wi th a cerebellum of about the same 
level of 6o~plexity . And it may be further asserted that irr 
all four Monkeys ~he.~crresponding parts are of about t he same 
relative size ind di;posJ~ion . It i s in the region which lies 

"' 
behind fi ssure II that the mai n features of interes t are encoun-

-- ·◄ 

tered . 
Lobe C is marked b.y iitp r onoun·ced ant ero-post.erio r 

increase i~ t he hemisphere. With the except i on of Cebus, there 
i s l ittle di fficulty found in re~ognising fis s ure ~J which cu t s 
the v·ermis fairly deeply and curves downwards and f orwards to the 
margin of the hemisphere. Lobule Q!, thus bounded poster i o rly , 
is of about equal ante ro- posterior d i ameter throughout, and its 
int ralobular fissures run app r oximately parall e l . It is a per-
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f ectly good exh1b1 t ion of Bol:k I a: 1~2Y1Y!i ... ~.i!PE1!j.! . In. Cebus , 
howeve r, it 1s difficul t to dec ide upon a §~19Y!-~2§!~112I -such 
as i s figured and described by· Bo·l k ( 1 o. i ig . 15) . . In the • other 
monkeys the deepest fissure in the ve rmis i~ lo~e Q!can be traced 
as~ continuous and deep sul cus to the marg in of the hemisphere, . ' 
as has b een satd. But in the spea tmen of Cebus, examined for 
the pu rpose of this paper, the deepest fissure in the vermis is 
neither deep nor continuous in the hemisphere . Judg ing from the 
condition as described by Bolk, I oan only conolued that my speo­
imen was one illustrating the subsi-d"iary morpholog ic. position of 
the fissure .. 

~obule gg 1s not qu1ti the s~me in all the specimens. 
On the oontrary , with the exoepti-0n of Cynopitheous and Cerco­
oebus, where the similarity i~ striki ng . the diff erenoes. are such 

• I 

as to be noteworthy. In ·Cebus, as noted above , fiasure ~ !can-
not be determined 1 tperefore the exact ex tent. of . lobule gg can-
not be defined. In Maoacus lobule 9i 'has· !g2fitnllt 1no .exis-
tenoe in the ve r~is, because· fissu re f '. runs into !1sauret g !1n 
the paramedian sulcus • ..-::q'hat part o! it which does exist, however, 
has the same form .as the hemisphere ·portton of lobule gg .1n .. other 
monkeys, i.e. it consists or a number of folia arranged i n the 
manner of a. hal!-open.ed fan, t h·e handle of the fan being di recte.d. 

. . 

towards the vermis. ,Y,.The fissures oetween the . folia -all dis-
appear before reaching either fissure !, ior fissure !h with ·the 
&xoeptton of one which arrtves at th~ apex of the trianmle, and 
therefore opens into the oon-j oint f is.Sllre !, .+ 2 .'_<Ftg .58 >. In .14·. 
Ceroooebus and Cyno-1t1theous fissure ·1 .1s deep in the hemisphere, 
but tn tne vermis_ is tracable into a shallow in:•rf oliar sulo~ . 
in_ the depths of fissure !-1! · (Fi~• 64 >. . Looule Q2 -1n thee.--- · 
vermis ia-, there.! or&, presen·t and of some size. In the hemis­
phere it need only be noted that it is relatively larger than. 
in Maoaous. It has the aame radial arrangement as tn the la·t te r, 
animal, a.nd · th1ne i1, _the same fissure . rUl1.~ing inwards towards the 
point t o whiob' ! !and· ~ ~cortverge . It should be noticed that there 
is a very narrow link on each side oonneoting the thr-ee parts of 
lobule Qii this being invi~ible from the surface. 

o. ,;_ J:. "( a: Lobule ca · in Cebus and Maoacus consists o-i a narrow 
I ~ ' --

part tn the ve rmh1, oon tinued into a much larger portto-n in each 
~emJsp.here; there being a · slight oonstr1otion in the para.median 
suloi, but not ~uch as to ob•cure the continuity of the lobule. 
In Cercooebu-s and Cynopt theous, owing to the pec·ul1ari ty of ! i ss­
ure· A• lobule cg can· -·hard'ly be IJ&1d to form a part of the verm1s. 
The most that oan oe affirmed regarding . it being that it is repr. 
esented · by three or. four folia on the anterior wall of fissure 111• 
In th• hemisph-ere, however, the lobule is large a,n<J r&&embl,es the 

' ' 

ho~ologbus part in• the other c•rebella. 
In a.q the· specimens lobules l}l :and gi .a-re. very 

similar. Lobule Dl is largely developed in the bem~aphere.~ a-nd 

there is i1ttle dlffioulty in tra.otng its conneottona with .the -
vermis. This is very easily done in Cebus, owing to the oompar-



30. 

ative lack of depth of the paramed1an sulcus .<Fig . 54 >. Lobule 
pg :belongs entirely to the vermis. In order to ascertain if therel 
was any oonttnuation whatever beyond the ve~mis, microscopic 
sec tions of this reg ion in Oe roocebus have been made. It was 
found that lobule gg ends somewhat abrupt l y ~nd g ives place to 
a considerable st re~oh of white matter which underlies lobule !H 
in the mesial part bf the he~isphere. 

In al 1 but Cebus lobe -i--'also ends at the level of 
t -he paramed1an sulous. In C-ebus, however, the- low-e1:1 t fol1um is 
oontinued e-u-twards undiminishe-d-: -in si ze q-nderneath lobule 9! 
< F 1g. 55 . >. l t p rooeede lat a ral .ly for some d1stan.oe and then 
fades away, g i v ing plaoe, as it appears, to the posterior medull­
ary velum to which it h.s been previously adherent. 

The same geneTa1 arrangement of the paraflocculus 
and f loooulus obtains in all the monkeys e :iramtned. The para:-
f locculus consists of a single row of transverse folia, which 
turns dewnwards a li~tle in front and appears to be oontlnuous 
with the flooculus (Figs. 52, 57 ~ 61 ). This appearanoe would 
lead to the description of the paraflocoulus as composed of 

,• , 

dorsal and ventral parts, and to · the .s_tatement that the flocoulus 
is wanting, were it not for two .oircumstanoes which cannot be 
put on one side unconsidered. '.,l'he one is, tha-t there is a deep 
sulous separating the anterior e~d of· the floooulus from the 
down- t urned anterior end of the parafloooulus. When this ia 
opened up the folia of the--paTaf looculus a-re round to be contin­
ued for a short distance into it. Again, the . flocoulus is close­
ly related to, and in part adh~rent to, the lateral prolongation 
of the posterior medullarr v,1um. T~1$ is rema-rkably well 
shown in Cebu~. where, owing to the lateral ex tension of lobe· t ! 
<as described above>. there .. is a very little interval between 
.the floeoulus and looe l ~CFig. 55 ) . 

The para!locoulus carries a lobulus petrosus spring .. 
ing from its lateral face olo~e to its anterior end. The extent 
to which the pa raf l'ocoulus proceeds backwards and 1 nwa rds -varies 
to a certain ex tent. In Cebus looule. Pl '. passes onto the· inferior 
su.rface of the be-mt,-sphere, and, consequently, sets a 11 mi t to the 
pa.raf loooulus. In Maoaous, Ce.rcooebus and Cynoplthecus, however, 
the paraflooou lus is continued unarrested in a mesial direction 
unt u · 1 t almost reaches the ve rmts. But 1 t is not f.used w i'th 
any part o! the verm1s, as mioro~oopic sections 
re~s?n the name par-afloooulus is applied to the 
ever nearly it may approach the. midd l _e line. 

THE HUMA N CEREBELLUM. 

show, and for thi, 
whole of it how- ~ 

Thanks to the kindness ot Professor D.J.Cunningham, 
' . 

I have been enabled to examine a number o! human foetal cerebella. 
Although several of them are- of approximately the same age, and 

none.. of them--are 1 llustrative of the earliest stages •of devel­
opment of the lobes and fissures, there. are at least four ol them 
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which throw light upon some of - the problemB of the development 
of the fissures 1n Man. The remainder have been of the greatest 
use in -enabling me to check my results, and in showing in what 
manner some of the fissures are liable to variation. Seeing that 
the cerebella had been sepa rated (along with the pons and medulla ) 
from the rest of the brain, no def i nite idea could be formed as to 
age- of the embryo from Which any one had been take:.-•·. This i! 
perhaps not of very g reat importance; ~nd the ce-rebella to be ment­
ioned here may be known by ~eans ~f numbers. 

In investigating this embryonic material~ the usual 
plan of making serial sec tions was not considered _n~oessary, as 
the cerebella were a·ll sufficiently large to be easily handled in 
entirety, and the fissures were of suoh depth as to offer no 
difficulty in trac-tng t~em with the naked eye. ·· Had the material 
been younger microscopic preparations wou ld have been essential. 

In eerebeLlum No. I .. (Figs. 65, · 6·6, 6'L 68 & 69 >. the 
anteri~r part of the organ i s already provided wit~ a -fairly 
numerous set of folia. In the posterior part th• fissure are 

' . 
less numerous; and it is in this reg ion that esp~oial attention 
will be best6wed, for the reason that here are lipat~d the lobes 
and lobules concerning wh!ch there is most di.ffi-oti,l-fy ·1n arr-iving 
at oonolusions regarding homolog ie~. In all parts of the organ 
a distinction can readily be made of a vermis and two hemispheres, 
this being ihe more ea~1ly done in the posterior d istrict. When 
the o·erebellum--- tS-viewed -from the front (Fig. 65 ) , fissures 2J 

·1, !! :and ~ !can be aL once reoognised ; their disposition being 
very similar to that .fn_.the adµlt br-airi:. Special" attention is 
called to th~ appearance presented by a mesial sagittal section 
(Fig. 69 ) • A not•worthy featu-re here is the large size of what 
would doUQtless have become the ,.lingula". Further,- the depth 
of fissure · l : is to be noted; since this, as previously tentatively 
stated (7 l , is not recognised by the human anatomist as a flssure ---' 

of any importance in the division· of the vermis into parts. Betwe- ­
en - fissures · c !and 1 , there is only one f olium visible when the sur• 

' -
face is examined; thi-s f o 1 i um be ihg even -narrower in the hemis-
phere than 11.'i · the vermis. Tha·t part of the ·organ which lies post­
ter1or to fi:sure l! !is of great interest; chiefly because, as 
al ready sai~, its -develo.pment 1s not so far advanced.. ' Appearan­
ces seem · to poin.t to the developme-nt of fissure b !as having been 

. -
from two lateral halves which hav~-g radually grown towards the 
middl~ line~ These two ·halves, 1~ this partloular specimen, seem 
to have missed arriving at exactly the same point .in the middie 
,line, with the result that they overlap to some -extent (Fig. 66" ); 
In a meslal---section the fissure 1s double, appea·ring as two shal-
low depressions (Fig. 69 ). Fissure· ! ' is still in the form of 

.,· 

two haives _whioh are approaching each other in the ve rfuis. Kuithan 
(2) has shown that this is the manner in . which this particular 

fissu·re developes in M.an. It is of considerable importance to 
notice ,that 1 t h of s.ome depth in the hemisphere even at this 
early stage. It will be observed that fissures ! !and g 'develope 
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'-in Man in the same manner cl,S h~.s bee.n f ound ·i n the pig, rabo it 
and sheep. F·issure !11 has obviousl-y commen ced its dev-elopment 
in the m·iddle line (cf . Kuithan ) . It is· deep in the vermis but 
g radually oecom-es shallower as it cu r v-es out•.va:rds and downwards 
into the hemisphere, to d~sappear finally oe fore reaching the 

·tnarg in of the· cerebellum <Fig-. 67 ) . F.lssu-re- g . isas deep as 111 ' 
in the ve rm1s, and tn each hemisphere is continuous ~1th a curved 
g roove which reaches the border of the organ. It is ·well to 
remark that fissure g is very shallow in the paramedhan sulcus. 

Lobe·--~ is small and confined t o the ve(t'mis. A 
simple, unfoliated flocoulus is visible when the oeTebellum is 
looked at from behind ·or .Lrom the side (F'igs. 67 & 68 ) • Younger 

' . 
material is needed to show its method of development. There are 
no : paraflocouli in this specimen. 

A few intral obular fi~sures have appeared in the 
vermis in lobules. 121 and. Qg; and tha.t part of the hemisphere which 
lies between fissures ! !and. g .is mar.ked_ by a g roove wh ich begins at 
the bord~r of the cerebellum- ~nd, passi·ng for so~e distance to­
wa·rds the middle ilne , becomes g radua·lLy-1:e..ss deep until it fin­
ally _ends before reaching the· vermis ( Fig. 67 ) • There seems to 
be little do-ubt that the last-mentioned fissure ultimately becom·es __, 
continuous with' 11'1 .' ~nd so completes the separation of lo.be Q f rem 
lobe: ] ~ If th is supposition is correct, and there seems every 
reason for believing it to bekJo, _the 'similarity of th·e manner 
of development of fissure 1!1 in its entirety in Man and in t h e 
rabbit, plg, sheep and calf is ve ry $triking. 

Cerebe i Lum. No. I I . (Fig. 70 ) , in addi tio-n to showing 
further deve l:opme~-t · of the fissures and lobes, is -in te r ·est ing 
since it illustrates an asymmetry in lobe · g.i · It will be observ­
ed (Ffg. 70 ) that fissure ~ .of the left side is continuous with 
fissure· t !of the right• ahd ~ ~of the left and 2 of the right 

.half of t he cereb~llum cross the middle line to terminate in the 
opposite hemisphere. If any instance were needed in •upport of . 

the contention that these fissure• are of secondary importance 
merely, this tendency· to irregularity of disposition might be cite~ 
In this oerebellu~ the posterior portion has developed very consid­
erably as compared with the same region in -No. I. FJssure Ill ' is 
now complete, forming· a· series of graceful curves, of which that 
in t he vermis is tne most acute and has its convexity looking up-
wards. Fitsure· ~ !and lobule. ~! !have not altered _very materially 
from their ~ondition in the p reo~ding specimen. The vermis port- 1 

ion of lobule }2g :has become more foliated, put_ its hemis-phere 
segments ar~ still smooth. The flocoulus has become fo liated 
in the interval between the two stages. _There is a paraflocoulus 
on one side only, and this ls much smaller than the floGculus. 
Its co_nneotions· cannot be tr-aced with any amount of satisfaction; -
tt being quite clear that only in mu.oh younger specimens can the 
origin of parafloooulus _and floooulus be determined beyond quest­
ion. 

Looking at. this cerebel.lum as a whole , it 1s observ-
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ed t hat there has been a more pronounced growth in the hemisphe re 
than in the ve rmis . This g rowth has taken p lace more pzrticula rly 
in lobu les g§ and f:11;' lobule ·•Qg, a.s previously stated, being s till 
unfoliated in the hemisphere • . As a consequence of t his marked 
loca l development, the hemi spheres pro~ect farther posteriorly than 
the vermts, ~nd overhang the medulla to a greater degree than they 
did in cerebellum ..N6A 1. The paramedian sulcus is deepest and 
best ma r ked in lobule · Qg i· and it will be noticed that the connect­
ion between the three part s of l~bule Dl ha~ become ve ry narrow. 

In cerebe l /, um No. I I I (Figs. 71, 72 & 73 ) there is 
a marked resemblance to the adult organ . There is now a fa i rly 
p r onounced vertioat' f lattening. · On inspenting the cerebe llum from 
above, fissures · !J J l !and Q •are se~n to run .un inte rruptedly across 
the surface; and labas ! 'and ~ and l obule Ql are now noticed to carry 
many folia. Fi ssure ! !is sti i l in the form 6f two lateTal halves, 
which app r oach each othe r in the middle line but have no t yet fus ed 
(Figs. 71 & 72 l . As a consequence there i s stil l a po rtion of the 
verm·is common to l obul es gg and Q§. Th is c ommon conne-ction i s of 
only sma ll ant ero- posterior diame ter , a~ indeed was t he cas e in the 
younger specimens, and as persists into adult life. Lobule gg is 
relat ively small and its intra l obular f issures a r.e few. Lobu le g~ 

'1 

in the he misphere has again t r own at a rapid rat e, as compared with 
the surrounding lobules . The r~ i s little to remark regard ing fiss~ 
ures 111 and g~ They present m~ch the same features as have been men­
tioned in conn-ection with ce rebellum No. II; their depth , of course, . 
be ing gseater. Lobule Q! 'has not g r own so rapi d ly as appeared 
to have been the case in the interva l betwe-en ...No. r and No. I I . ·The 

connecting l i nk between that part of -Lt which lies i n the vermis and 
its more lateral segments ~s narrow (as in No. II) and consists of 
a &ing le fol1um. Lobule Qi has not g r own in a manner whi ch calls 
for remark ; and those portions of i t which are placed lateral t o the · 
paramedian sul oi a re s~ill smooth. A small and simple paraflocculus 
is present on both sides (Fig . 73 l . ' The f o l cculus does not appear 
to have made any notewo rthy prog ress. 

The ex t ernal feat u res. of cerebellum No.IV . <Fig. 74 
are ve ry s imila r to thos e of No. III. There. a re ra t her more intra-
lobular fissures ; but the l obes, ·in the main , present no addil i onal 
points of interest. It should be noted t hat the two ha lves of fiss~ 
ure ! .ha ve a t length joined i n -th.e middle line. Th:i:s is obvious in 
·mes ial sag ittal section (Fig. 74 ) . At ten ti on is again directed to 
fissure· 1 !as presented in section. I 'ts depth in the middle . line is 
consideraple, being not much less than that of f issu re 2• The import­
ance of this fissure is once aga i~ insisted ~pon. 

The only -other f oetal cerebellum ( No. V> to which 
any reference •is necessary is usef u l i s affo rding evid ence of the 
parts or· the aduit orgari f orme~ f~em t he various lobes in the 
young~r specimens. This cerebellum has arrived at such a stage that 
it , at one and th~ same time, rese~bes No. IV and also the f ully 
developed structure. Its appro·acl:rit.lg iden-tity wit h · the adult con-
dition removes any necessity for a detaiLed description. It will 



34. 

suffice to indi cate what changes occur in the transition from tbe 
foetal to t he adult condi tion. lt may be said, in general terms, 
that the most striking alteration in the form of the whole organ 
1s produc_ed by a· g rowth of the hemispheres out of p roportion to 

that of the vermis ( F i gs. · 75, 76 & 77 ) • . This we have seen to beg in 
in the compara'tively ear.ly stages illustrated b y the material the 
descrip tion of which is given aboveJ it becomes still more ev ident 
in late r stages. As the consequence of this disp r oportionate 
g rowth , the v~rmis becomes a comparatively insignif i cant part of 
the human cerebellum, and the mesial connections of t he corresp­
onding louoles in th~ twp hemispheres. is relatively reduced in . a 
sag ittal ~lrection. This character of development is noi equally 
marked i n all reg ions. In lobes ! !and~ it is very inconspicuous. 
In lo.be Q ' it is decidedly obviou~; and particularly s o in lobule Q§• 
The development of the hamisphere-s within this looule is so g reat, 
and t he f is-$ll res which cut its surface are so deep, that human anat­
omis t s have- found it expedient to d iv ide it into t h re.e parts. This 
enormous g rowt h in lobe g is very characteristic of the human 
brain. Indeed, Bo lk has said (9) that "the •d is tinguishing feature 
of the human c~rebellum depends uooni what may almos t be called, . . 
the monstrous davelpoment o! the f!Y§_Q!iWYID of the b2~Y1Y!_!D~!~ 
.£.~.r.!!1lf'(1.e. Lobuli semilunares super1.or and inferior and gracilis), 
with t he corresponding redu6tion of other ~a rts to which attention 
will be d·irected later. T.he lateral portions of lobule Ql also I' 

share in this developmental acti vity, but to a smaller extent. 
Lobu le Qi does not become nearly so conspicuous a focus of g rowth. 
Because of the great ba-c-k.ward pro·j ecfion-of the hemispheres in the 
region of lobe Q, the verm1s ap~ears t o sink into tbe depths of a 
narrow valley bounded by the ~teep height s of the hemispheres. 
For the same reason the later~l portions of · lobe Q are cons,trained 
to fo ·rm pa·rt of the sides of ' the v:aLley • . That -p.a..rt of lobule Q~ 
w.:hich contributes to t he forrnation of the he mi~p.he re ·, is, indeed, 
so · oon!-tn.ed b_y the _masses ly ing lat"'eral to 1 t t -hat its g rowth l:ias 
to take p-laoe ' in a · sagittal . direc tio.n. In the adult brain, it is 
found to con·sist of t-wo rows of folia -or rather one row doub1ed 
upon itse·l f..- radiating _out from what Zie-hen ·( 1-1 ) desc ribes as 

the E2~~--i~!!l1~~ 

Throughout the whole of the p~esent paper, and also 
· in the one . which has pr~~eded 1~, . the .various lobe~ and fissures of 

the cerabellum have been known by numbers or by letters. This plan . ' 

has been followed with the intention of a voiding the use of terms 
-such as those employed in Human Anatomy, for instance- ~hich would, 
in any degree, hamper .us in our endeavour t ·o approach the subject 
without preconceived i~s. · It ·would have · oeen easy to adopt 
some oth~r method of nomenclature, but it was not considered desir-
able to do so. Two main plans were open to us. In the first 
place, names already in .existence might have been taken either all 
from the same source or culled from the various writers .. who have 
contributed to the literature on the ce~ebellum, as they seemed most 
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purposes of descript i on. The ob ject i on t o the p r ocee -
above . On the othar hand, new names mi ght have 

'' I~- ' 1- 1 
But t here was a ~rerl- reluctance to do tbis , since 

a nomenclatur~, unless it is generally accepted , on l y serves as a 
source of annoyance and emoa rassm-e-nt to 'a subsequent worker in t he 
same f ield. I t seemed a p ity to compose a ·series of Latin-lik e 
or Greek-like names ~hich will, in all likelihood , be certainly 
re j ected by s ome, p robao ly many, possibly all, anatomists. After 
all the mak ing of names is not the most important duty of the morp­
hologis t; and i f I have succeeded in pointing out the corresponding 
parts i n the various mammali~n cerebella with which~this communic­
ation and its predecessor are concerned, I shall be pleased to leave 
the question of nomenclature to some f u ture occasion. 

In only one instance am I tempted tQ depart from the 
plan or iginally laid down, and that in connec t ion wi th the human 
orain. Here it may perhaps be servicable to translate the con-

-► 

clusions arrived at, and as stated . in th~: preceding paragraphs, 
• T/ p ~ 

into ter·ms more readily appreciated . b~f th·~ Human Anatomist . 
F issure g ~ then is the §Yl9Yi_P9§!~!Dl!~l1~ of Man, 

and the refore forms the posterior (l.lpper) l i mit of the !:,.9e~~- ~~D­
!I~11~ (looule !l i . Fissure l . is not r ecognised as b~ing of any 
g reat importance, and ls therefore unnamed in books on Human Anatomy . 
That it should not be relegated to a subordinate place , has, it is 
hoped, been made clear ooth "oy embryological e_yj dence and also b y 

the testim¢ny of Comparative Anatomy. Lobule !i is . considered, in 
the text-books, as a part of the 1QQY~-2~l~1P1~, though there are 
not lacking those who consider th~s lobe to be composed of two parts. 
Lobe § 1 con st i ttrtes -the upper ·- portion of the Lo bus cu 1 mtni s. fFi ss- ~, 
ure l! -is the §Yl£Y!-E!,£liY.!l!§; fissure Q · is the ~~1£Y~-2Q§!2l!Y-
1!!!i f issure· 1 ~the §Y19Y!~h2!!~2~!!l!!_llg~y§i. ~nd f i ssure 111 · the 
§Y12~!-E2§!E1!~ID1g~!12 ~ Lobe 9, therefore, comprises a very large 
proportion of the .human cerebellum • . }ts lobule Q! !is the k2~Y§ 
21!!! i consisti~g cif the Ql!!Y§-~2D!J2Yl! and - its k2~!-lYDt!! ~~2~!- . 
~!12.!'~.§• Lo·oule gg is the 1,QQ1\§_2!2Y!P!!J.!~ with its diminutive -
E211YID-9!2YID1D!§ ~n the verrnis and i ~~ . much expanded ~2QY!.~2!!~!2J 
!IJQ~!lQ.! · 1n the hemisphere. To this ,' and to lo·oule g~, as has alr-
eady been said, the h·uman · c·erebellum owes not a littte of its dist­
inguishing characteristics. Lo·uule Q§ is the k29ll§_!Y2~11!~ with · 
a ve rmi s segment, the 1'Y2!!_.Y·~l.YY1!~, and the enormously deve 1 oped 
appendages in the hemisphere whtch anatomists have found it nece·ss-

a r y to subdivide 1.n to !:-2~~~ -~~~ 11 ll~!-!.!!_ H~f ! !1~ !., !::~E?Y"!~~ _g,!'!211 i ! 
!!.ll~.fi.Ql' 1and i,.QQ~hii..,~I!-2ili!_J?2§!~!.!.Q!'• The ~1:!l-.2.! .. 322~£g;1'!.211.i§ : 0 

. ' . 
and iD!J~g!!.2111~, being confined to Man and the anthropoid apes, 
have found no .place in the foregoing descriptions. They are of 
no lnt,rest as f orming the boundarl~s of primary subdivis1pns of 
the cerebellum. lot only are they limited to one ~oolog i o 16ca litY, 
so to speak, but, in thos~ animals in which they do occur, they are 
tardy in their appearance in th~ embryo. 

There are doubt less those who will object to the 
some-what -cavalier treatment which the Sulcus horizontalis magnus 
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ha s received . But here again both Embryology and Comparati ve Anat­
omy support the contention that it is no t a pri mary fissure. In 
the simplest cerebella it is no t represented a t all; and in th ose 

, I 

cerebella in which it i s present in the adult , it developes co m-
paratively late , and oegins in the hemisphere . In Man himself, 
as has been s ho wn , il i s the latest inte r lobular fissure t o com-
plete its g r ow th . Even when it has reached mat urity its behav i-
our in the vermis is liable to considerable i rregu larity. Undou-
btedly i t is one of the deepest fissures in the hemisphere of the 
adult cerebellum, out this fact counts f o r little . The depth to 
which a fissure ex tends in the hemisphere of Man is, so to speak , 
an acci dent of position. lf,a fissure happens to be p laced in a 
portion of the hemisphere i n which g rowth is g reat, the dep th of 
t hat fissure is naturally great. The Sulcu~ horizontalis magnus · 
is such a fissure. Since the vermis of Man is no t subject to 
loca l exuberance of g rowth , it is much more rat ional to judge of 
the importance of a fissure riy its dep th in this part of the cereb-
e llum. The sulcus horizontalis is comparatively shallow in the 
vermis. Fu rthermore, mere depth is not always a safe gu ide in the 
catalogu ing of -fissures in the orde r of their impo rt ance . 

In lobe Q of the human cerebellum are f ound points 
of pri mary importance to the morpholo_gis t . Lobule Q! consists cf 
the EY!~~l~ and its k2e1_21Y§D!!e1~e, constituting the 1£2Y~-EYI­
!~!~!~ ~ Lobu le pg '. is the b2QY§~Y!Yl~~, with its Y!Y!! in the ver­
rois and the IQD~!l~·,in the hemispheres. That part of lobe Q which 
is so well developed in the ma j ority ~f ma ~mals, and which has 
come. to be kown i:).s the paraf loccul us, is either unrepre-sented in 
Man or, when present, of small si z e; But, on the other hand., that 
conneot16n between the paraflocculus ·and lobu le ~l in the ve r mi s 

"(Pyramis>, which is always comparatively small and often apparent7 . 

ly absent in the lower mammals, is largely developed Ln Man, form-
ing that very considerable lobule, the Lobulus biventer. And 
again , that continuation of lobule Rg into the paraflocculus which 
which apparently has only an existence in the embryo in the lower 
mammals, is persistent i n Ma~ as the Tonsil. Lobe· ~ 11s the ~Q~Y! 
D29Yll 1 (Nodulus and -T looculus) which, though subjecil!o some var­
iation in si z e in differe nt mamma.ls, does not show such ex treme 
degrees of f luctuation as are found in many of the other lobes. 

No mention has been made above of the '' lingula" of 
the human cerebellum; rand this because it is not considered to be 
a distinct and s eparate lobe of the cerebellum. It must be adm-
itted that a very prevalent idea, as expressed in many text-books 
on Human Anatomy, is . that the "lingula" stands on the same level 
of impo rtance as the "nodulus''; and that th'.flse two structures 
should b-e., further· held of equal status since -they are simila·rly 
related to the anterior and poste rior medulla r y vela respectively. 
But such assertions a r e not supported by Compa rati ve Anatomy. 
The "nodulus" is always present in mammals (Meta- and eu-therian, 
at any l'at e~ ; bu~ the "lingula'J is not so constant. In the smal­
ler animals with simp l e cerebell~, the,e is no trace of grey mat-
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ter on the dorsal surfa ce of t he anterior velum. In the larger 
mammals this cond i t ion also largely ob t ains; and even when there 
is an in v21.sio,1;1 of the velum oy g rey mat te r it is usually -very 
sma.11 in amarunt . For exa mpl e·, in the Monkeys e:<amined, with the 
exc ep t i on of Hapale~ the ve l um appeare d to sp ring from the edge 
of a folium of g rey matter, instead offrom t he central mas s of 
white ma t ter as is most f r equently found to b e its mode of at t ach­
ment to the cereoellum. Ce rta inly so f ar as one can judge from 
de s c r i p ti on s , a 11 11 n gu 1 a II of some s i z e i s f cu n d i n t he c om mo n 
Seal and the Cetaceans. But in these anima l s· we have ins t ances 
of c~rebella which bel png to an abe rrant type, so to speak. A 
." l ingu l a" may be encountered in one speci·men and not in another 

I 

1 
t a ken from the same spe6ie s of animal. The sheep af f ord an ex-
ample of this .variab il ity. Even whe·re a " lingula." is accep ted as 
be ing always present, as in Ma.n, f or example, it is liable to 
great variat ion in size~ There . is certainly a deg ree of variab-
ility in the size of the "nodulus" , out this is not nearl y .so 
marked as i t is in connection . wi th the 1'lingula11

• 

Further, trre development o~ the anterior and posterior 
vela and their adJacent parts of the cerebellum is not quite the 
same. The anterior velum i s produced as the result of the up-
ward and forward g rowth of the cerebell~r lamina, which produces 
a thinning , so to speak, of the roof of the neural tube. Thi post­
etior velum is ori gi nally a thin non-nervous membrane attached to 
the aha~p margin of t he ce rebellar lamina. It becomes f olded 
inwards towards the cav ity of the fourth ventricle as a conseq-
uence of the pont ine f lexure. It is readily conceivab l e t hat in 
the development of the anterior velum there may be an incomplete 
obliteration of thos e neuroblasts wh ich go to form the grey matter 
of the cerebellar cortex . But the "nodulus" g rows in connection 
with the poste rior edge of th~ . cerebellar l amina itself, and makes 
its appearance at an early stage. 

From these consid~rations, i t seems not unreasonable 
to conclude that the "lingula" is an overflow of the g rey matter 
onto the velum, and, there f ore, does not form one of the fundam- ­
ental looes of the cerebellum. X 

Havi ng now signif ied the homologies of the human 
lobes and f issures in the terms of the human anatomist, I shall 
revert to the provisional use of numbers and letters. 

THE CEREBELLUM OF PRIMATES IN GENERAL . 
What ever opinion one may hald regarding the inclusion 

or e xclusion of the Lemuroidea in or -from the order of P rimates, 
there can be no doubt that, s o f ar as the cerebellum 1~ conce rned, 
the Lemurs do not range alongs ide the Anthrepoidea. Judging from 
the f i gures and desc ri ptions of the cerebellum of Lemur alb~frons 
as g i ven by Bo lk (9) , this structure is fashioned afte r the plan 
oommonly found among the Carnivora, and, therefore, presents1,eat­
ures which are widely different from those of corresponding parts 
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\ in the brain of the Ma rmosets, Monkeys, Ape s and Man. In many 
respects the cerebellum o f the Anthropoidea stands apart from that 
of the rest of Mammalia; an·d, from the Hapalidae upwards, forms 
a g raded serie s of forms culminatin6 in . Man. It may be useful 
to summarise some of these g radations. 

In the Hapalidae the lobes are simple and of f ew 
t olia; and the general direct i on of the f issures is tr;.l_nsv·e rse, 
i.e. there is none of tha t mark ed local ooli quity so commonly met 
with in most cerebella. Lobe g can hardly be said to be subdiv­
ided at all . This ci~cumstance, were it not relieved by an att­
empt at the obli quity just mentioned, would bring the l obe down to 
the le~el of the corresponding part i n the Rodents, Insectivore s ~c. 
Another remarkaole feature is the small size of the paraflocculus 
(that is, if the statements set forth upon this po int in a previ­
ous part of this paper are substantiated by further research). 

In all the monkeys examined, as wel l as in those 
described by Bo lk (1.0J , there is no possibility of oveTlooking 
fissure l·' In most monkeys lobule ~g is, r ela t ivel y speaking, 
small; ~hereas lobe § ~is wall developed. In looe g we find a 
g radual increase in size as we ascend from Hapale; this increase 
being mainly, but ~ot entirely, in a iagittal direction. Assoc-
iated with this expansion in the hem isphe r e is a relative dimin­
ution in the ve rmis posterior to fissure~~ and an arrangement in 
the hemisphere of the fo lia belonging to l~bules gg and 9§ in a 
radiating manner. 

The characteristic feature of lobule~! is.the con­
stancy and size of 'those parts of it which belong to the hemis­
pheres. So fa r as the Marmosets and Monkeys a re concerned, t he re 
1, nothlng very striking in-the form, sizLor disposition of lob­
ule Qg. In all of them, of which wa have any account, this lob­
u le is similar t o that of ·mammals ·oelonging to other o rders. There 
is, t heref or~, a remarkable di f ference between thi s lobule in the 
M0nk eys. and in the Apes. From Stroud ' s observations on the ·Ape 
Cerebellum (13) , it appears that, in the Ch-impanzee , Orang and 
Go rilla at any rate, there is a-late ral continuation of .Lobule D2 
as in Man; but in these animals it 11 1-s a relatively small tetra-
gonal ·mass". It would be very interesting to find some Monkey 
in which thi s condition, but ·on a smaller scale, were present; for 
then the g~adations up to Man would oe complete in this region of 
the cerebellum. 

The fai rly uniform size of the flocculus and· lobe ~ 
in general in t he diffe r ent .. rMonkeys is noteworthy. In no order 
or Mammalia is there any very great variation in si z e of these parts 
but in Monkeys and A~e..s (Stroudl.....th~ vari~tion is even less than 
might be reasonably expected in a group of animals diffe ting wide-
ly from ec3:oh, othe r in certain respects. In Monkeys, t .oo, the para-
fl occu lus 1 s fairly un if o·rm, and is pecu1;ia_r in al 1 of th~m in 
consisting of only one well developed ro-w of folia. It becomes 

a nioe ques tion to decide as to which part of the paraflocotllus 
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(dorsal is or ventral isl, as met with in the ma jo rity of mammals, 
this single paraflocculus corresponds. Without further e v idence 
the matter 1s one for specu lation pure and simple. Though micro-
scop jc sections have been made and the examination, both naked-
eye and microscopic, ca refully conducted, no connection of the para=. 
f locculus with the ve rmis could be discovered. So far as the 
adult material at my disposal goes, the paraflocculus appears to 
be quite independent of any . other part . Seeing, however, that in 
those animals with a pa raflocculus dorsalis and ventralis, the 
lobulus petrosus generally springs from the posterior end of the 

ventra l paraflocculus, whe reas in the Monkeys it springs from the 
anterior end of the single paraflocculus, it mi ght be contended 
that this single row of folia corresponds to ~orsal and ven tra l 
paraflooculus straightened out instead of be ing bent sharply upon 
each other. This is, howe~er, pure ly a piece of guesswork, and 
one can only wait for . further light to be th~own up on the question 
by subsequent investigation . The point is interesting. 

In the Apes Stroud found that the parafloccuius was 
variabl e. In a Gorilla .he describes it as " ve ry large and almost 
enti rely exposed". In two Ora.ngs "it is small and concealed on 
the left side, on l y the tip showing on t he right side". And in 
a Chimpanzee it "is small and conbealed on the left side; the tip 
is visible on the right side". The paraflocculus of the Apes, 
there f ore, fo rms a link between the well developed lobule of the 
Monkeys and the sma 1 h--- ins ignif i can t and inc ens.tan t st rue tu re in 
Man, · which is generally referred to as the "accessory flocculus". 

ARBOR VITAE CEREBELLI. 
It has _ become -a practice -not invariable, but ce rt­

ainly common- for those who write on the cerebellum to devote some 
attention to the figure presented when sagi ttal sections (partic­
ularly in the middle l ine of the ve rmisl are made. It is obvious 
that the form assumed by the white suris tance_will vary considerab­
ly, depending upon the depth of the primary fissures, and the numbs~ 
depth and disposition of the subsidiary fisstires. Fo r this rea-
son the appearance of the Ar~or vitae cerebelli differs c~nsider­
ably in different animals; presenting the least intricacy in th6se 
brains in whi ch the cerebellar fissures are few, and the lobes and 
lobules simple. For example, i n the smaller bats the rays pro- ~ 
ceeding fro m the c~ntral white mass are only.five in numb~r, an~ · 
each ray is undi vided . In the larger cerebella the rays are much 
more numerous and sometimes very copiously branched. Moreove r, 
not only does the form of the Arbor v itae di ff er in different spec­
ies of animal, but there is also variation to be observed in diff­
erent animals of the same s pecies . For these reasons it is diff ­
icult to arrive at any precise conclusion as to the aosolutely 
typical form of Arwr for any one class or even species of animal 
unless one is ·rortunate enough to be a~le to examine numerous 
specimens of that order or species. Bearing this in rnirid, it is 



with a certain amo unt of reserve that one spea ke s of t he Corra and 
defin tta ai·rangement of t b.e oranches of the Arbor v itae cerebelli 
i n any g i ven animal. At the same t im~ ce rta in gene r.a 1 statements 
may be made as to thei r disposit i on in the average mammalian cer­
ebe llum •. 

In all cerebel la t he central mass of white matter is 
di vided more or less into two parts by the f as t i g ium cu tting it 
from below and fissure II inde nting it f r om above (F i g. 79 ) . The 
deg ree of d i vision is f ar · from b~i ng constant; no r is the result 
of t h~ division always the same . I n p r obab l y the majo ri ty of 
animal s . t he more anterior pi ece of whi te matte r is the larger and 
more compact. The post eri or part has a g reater tendency t o be 
d rawn out i n an antero-posterior direction. Sp r ingi ng from 
the anterio r and posteri o r port ions of the white mass a re two strong 
main b ranches which pass upw ard s in to lobes~ and g respectively. 
To t hese two oranches Ziehen (11 J ha s applied the names of I !~D2~~ 1 

Y~!11£~11§ ( to the anterior ) and TI~D2~§_hQ!l~QD1~11§ <to the post­
erior ) • . It is unfortunate that these names do not indicate the 
d i rection of t he oranches in al l , or even ·in mos t , mammals . 
f re quent ly they a re ooth more or less vertical. 

Most 

in all out t he s imp l est forms- there are_ f i ve p rom-
i nent branches in addition t o the two jus t ment i oned. So that 
in the ave rage mamma lia n cerebellum seven rays of white ma t t e r may 
be l ooke d f or radiating out f rom the cent ral mass. These seven 
rays pass into the following loo~s and lobules. The lowest of 
the anterior oranches passes into l obule !li and i s very f requen-
t ly not .a s ing le ray but rather two or three. The nex t ray passes 
into lobule A,g and arises either f rom the central . mass directly, 
or from the third oranch . Not i nfre quently it is d i fficult to 
decide whether these t wo ·oranches ari se from a ·common po int, or 
i f the t hird branch g ives orig in to t he second. The third b ranch 
- which is one of the tw o main and constant rays- is always thick . 
It for ms the core of looe ~; and very often di v ides into two (some-
times more ) parts. The f o~r t h branch is usua lly the stronge~t 
of all t he seven. I t curves upwards into lobe g; a nd, in all cases 
except where th is lobe is incomp le t ely, or not at all subdivided, 
divides in t o threel!'~ys - one for each looule. The fif t~ranch 
arises in one of f our ways . I t may leave the central white mass 
independently; it may arise in common with the f ou r th oranch; or 
it may ~pring f rom this branch; or it may have a common point of 
origin with the sixth branch. Wha tever its mode of ori gin, its 
des t i nation ~s looule ~!• The sixth branch mostly arises directly 
and independently; but, as said above, it may share a common 
orig in with the fif th. It runs into Lobule Qg~ The last branch 
is always the smallest . Indeed, in t he simplest forms it is not-
hing more t han -a small projection from the white oantre. It forms 
the centre of lobe ~-

Seeing that. tnere is such diversity of f p.r..m in the 
hemispheres of different animals, i t would be exceedingly difficult 
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to make any serv i ceable gene r a l rema rks regarding the arrani ernent 
of the white ma tte r in t his part of t he cerebellum. 

GENERAL SUMMARY. 

It may be well to summarise the r esults set forth 
i n this .paper and in the one which has been al ready published, 
and to state briefly the conc l usions at wh ich one has arri ved. 
Though these conclusions may -and most l ike ly wi ll- require modif­
ication in t he light thrown upon the various questions by suose­
quent resea rch , it cannot oe said that they are based upon alto­
ge the r scanty in f ormat ion. • In addition to the e~am i na ti on of 
embryos of different ages and f rom s evera l mammals, t he hypotheses 
have been put to the t est upon the cerebella of the followi~g adult 
animals : -

lforsupiaLio .• 

Didelphis azarae. 
JiJlg u Lat a. . 

Sus domes t icus (severa l specimens ) . 
Capra (d orn. ). 
Ovis a ries (numerous specimens). 
Bos t aurus (several specimens). 
Equus ca-ballus ( numerous spec i mens ) . 

•. as1nus . 
Rodentia. 

/ 
Sciurus vulgaris ( three specimens ) . 
Arvicola amph i bius ( t wo s pecimens ) . 

ag rest i s (seve ra l speci mens) . 
Mus decumanus • 

•• musculus . 
Lepus · cunioulus ( several spec imens ) . 

. . ti mi dus • . 
Ca.rnivor.a. 

Felis domestica ( several specimens ) . 
Vive r ra oivetta. 

•• malaccensis. 
Herpestes mungo. 
Canis famil iaris (nume rous speci mens ) . 

• • vu lpes . 
P ro c yon 1 o to r . 
Meles taxus. 
Mustela f u r o (several specimens ) . . . 
Phoca 

e rm inea ( t wo speci mens ) • 
vulgaris Cse ~e ra l specimens). 

vi tulina. 

Inseetivor/1. 
Erinaceus ~uropaeus ( numerous specimens ). 
So rex vul garis ( seve ral specimens). 
Ta l pa europaea (numerous spec i mens ) . 

Chiro{2tera. 
Pteropu~ poliocephalus. 
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Pteropus medius. 
Xantharpyia (Rousettus l coll a r i s . 
Plecotus auritus. 

Primates. 
Hapal e jacc hus. 
Cebus capuc i nus. 
Macacus rhesus. 
Cynopithecus ni ger. 
Ce rc ocebus fuligi nosus. 
Homo. 

From the examination of the above ma t e ri al it is again _ 
made c lear -i f t hi s we r e ~n any way necessary, af t er the work done 
by Stroud, Kuit han, Elliot Smith, Fla t au and J acob sohn and Ziehen­
t hat i n a ll mammalian cerebella, f rom the simp lest upw ards t o Man 
himself , there is one transverse fissure of preeminent importance. 
Its future s tatus is f oreshadowed at an oa r ly period in develop-
men t, and is atta ined t o and maintained in all adul t for ms. Were 
it not that it is to a deg ree inconvenient to do so, the cereb­
ellum mi ght be described as c onsisting of two lobes separated by 
this f i ssu re. Large ly for the sake of conven ience, but also and 
mainly f ro m the considerat i on of the Comparative Anatomy of the 
mammali an cerebellum, i t is be tter to recognise f ive lobes. Each 
of these has its own character i stics , and9 in a s eri es of cereb­
el l a, is found to unde rgo modi f ications along certa in lines. The . 
lobe in which va riati on i s least rnarKed is the most poster ior or i ~ 
The g reatest amoun t of diversity· of form occu rs in lobes Q and Qt 
lobes ! 'and ~ changing somewhat, but to a less e xtent. Lobe!, 
in all but the simples t ce rebe l la, is divided into two parts oy 
a transve rse interlobular f issure . Lobule !l, the lower of these 
suod i vis i ons, may rema i n simple or, in the hi gher fo rms, ·be in its 
tu rn composed of more o r less independent parts, gene ral ly two or 
three in numbe r . Lobule ;ti:g, the upper pa rt of 1 ooe ! , is gene r­
ally the smaller, and f requently remains unsegmented. The deep 
f issure 1n lobe~ has been known as 9 throughout these oommunic­
ations: its importance has been recognis ed for long by human anat-
omists. Fissure I, which separates lobes · ! 'and ~ -has not been 
ac corded the a t tention to which, i t appears to me, i t is entitled. 
Lobe~ varies in different animals within ceita i n limits; but these 
limi t s are f airly well deflned . In all the small Bats, for example 
it is a single, und ivided f o lium. It increases in size pari · passu 
with the increase i n the other lobes; until it is found to be sub-
divided , by deep sulci . Examp les of ~he .commencing di vis.ion of 
the lobe are supplied by the Squit rel and the Opossum. In these 
animals, not to multiply instances, the lobe is found to be crossed 
transversely oy a fissure which divides into t~o p ract ically e qual 
parts . When there is dissimilarity in size, the advantage near-
ly always rests with the more posterior di vision. In Phoca the 
division is very clear. In forms mo re complex than the Oposs~m 
and Squi.rrel the two portions of lobe § !are themselves d1v1ded . 
Th is i s also well exemplified ia Phoca . Lobes ! .and i !differ 
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fro m t he r emaining lob es in the shallowness of their paramedian 
sulc i ; and in t hei r s mal l t ransve rse expansion . These po ints 
have been emphas is ed by Bolk, a nd are e~cellent ly demonstrat ed in 
some of the Ungulates ( Bos , for example) . The embryology of l ooes 
A and~ i s also di fferent f rom t hat of l obe s Q, ~ ~nd ~- In the 
ear l ier stages they lag behind i n de vel~oment: t hen comes a pe r iod 
of a ctiv ity in which they outdis t ance t he posterior lobes, and so 
come to resemb l e the adult l obes while g, Q and~ are still compar­
a tive ly rudimentary. 

Lobe g ·occupies a deve lop mental and anatomical pos-
i t i on peculiarly its own. Even in the simple r f o rms its surpass-
ing i mpo rtance is obv ious; for, e ven here, the g reat antero- post­
erio r diam6ter of the hemisphere is evident. In hi gh e r forms it 
is clearly divided into three lobules by two fissures -a .and b • . _, -· -
These two fissures a r e not of equal consequenc, .•. '~ F rom what has 
been seen i n the embry os examined,! probably ,1ways (horse ex­
cepted~ ) begins it s ex istence i n the hemisphere and grows into the 
vermis ■ Fi ssure~ seems to beg in eithe r i n the .hemisphere (rabbit 
and pig) or in t he vermis (sheep and man ~l , and nearly al wa ys 
becomes compl ete, i.e . g rows ac ross the who l e cerebel lum . It is 
highly probable that fissure a ·fre quently rema ins as two lateral 

. ·- .. , I ·--
segments, which do not join in the ve rmis1 or,1f they do , t heir 
uni on is apparently later than the con junction of the t wo parts 

/ 
/ 

of f i s sure Q• The human emoryo illust r a te s this point . Again, 
even when f issu re~ is complete, it may not cut t he ve rm is very 
deep ly. These pecul i arities of fissure ! 'a re better exemplified 
in the higher forms. In the simple r type, e .g. Opossum, it i s 
much more continuous and obvi ous than· ~ J These variations , and the 
potent i al ity for irregularity, demonstrate the s econdary i mport­
ance of f issure$~ 'and ~- Lobule Q! apparently cor~esponds to Bolk's 
Lobulus_simelex , and does all that Bol k cl a ims for it. It is 
unmistakably of a like constitution with lobes ! 'and ~ ; but it 
differs from them in its greater lateral ex~en t . Lobules gga nd Q§ 
are peculiar in possess ing a rema rkable power of g rowing in a sag­
lttal directi on ; esp ecial l y in the hemisphe~es . Upon this pecul­
i a rity depend. the most striki ng differences in a series of mammal­
i an cerebella. Fo r this reason Elliot Smith has given the name of 
~!~~-9!~§9~D§ to the lateral part of h is k22Y~_Q@D!!~l1~ ( lobe C) . 
Sagi ttal expansion is also possibl e in the vermis; but it is gener­
a l ly smaller in amount than in . the hemisphe re. Phoca may be used 
as in illustration of the possible exuberant expansion of the hemi­
sphere; and Bos as an example of a similar growth, but t o a less 
extent, in the verm fs . 

The two lobules which compose lobe Q.hav~ different 
cha rac te rs. Lobule !?g . is much the· simpler. It 1 s usually 11 mi t­
ad to tt1e ve rmis ex cept in the very highest forms ( Ap·es and Man), 
and doe~ not show a~y sagittal expansion such as will produce dis­
tortion of the · ve rmis ■ Looule ~l may be confined to the vermis, 
but is frequently continued into the hemisphere (as shown in Mon­
keys, Apes and Man, i n the greatest degree). When lobule QI has 
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a segmen t in the hemisphere, th i s i s gene rally c onnected wi th the 
dorsal para flocculus . Th is connecti on i s clear ly indicated in the 
Ungulates. In Monkeys , though lobule Q! i n the hemisphere is l a r­
ge, its continui ty wi t h the para f loccul u'S is no t obvi ous; the para­
f l occulus f requently passing under Ql f rom which it i s s eparat ed 
by a sulcus of some depth . 

Lobe~ i s sub j ect to some modi fi cation i n size ; but 
the variatio n is not rema rkab l y g reat. Its cont i nuati on into the 
hemisphere is not of common occurrence; but i n Cebus and Vi v~ rra 
civetta it is so continued . And in Didelphi s and Herpestes the 
continuati on of its grey cortex . reaches as far out . as the f l occulus~ 
Li ke t he cent ral part of looe ~' the floccu lus does not vary to 
any great extent. I t appears to reach its l owes t point in some 
of t he Carnivora. 

The paraflocculus offe rs one of the most interes t ing 
feat@uJ.es in the whole cerebe llum. The difference in its · size 
in di f feren t mammal s is very stri ki ng. In its mos t h ighl y devel-
oped c ondi t ion it is composed of t wo rows of foli a , to which may, 
or may not, be added a ltibu lus petrosus. The lobu l us petrosus 
in such cases is generally attached t o the po s terio r end of t he 
ventral pa raf locculus; but there are exc ep tions to this rule, 
as, for i nstance, in Phoca. In Herpestes, i t has been seen , 
tha t the v~ntral paraf locculus is small and ca r ries the l obulus pet -
rosus t owards its anterior end . The peculiarity of the paraf l oc-
cqlus in the Monkeys has been already commented upon. In the 
Ape s it shows various stages of diminution; and i n Man it has 
entirely disappeared in many , i f no t most, cases. I t is very 
clear that the last word hai not been said with regard to this 
peculiar f racti on 6f t he cerebellum . 

Hwo'{ghov~ 
Althoughktnes e papers the parafl occulus and flocc-

ulus have been described by themselves in the accounts of the 
va rious cerebe l la, this has been done mere ly for the sake of con-
venience. It is perhaps well to repeat the assertion that the 
paraflocculus belongs to l obe Q, and the flocculus to lobe & (Fig. 
78 ·) . ' Both e mb ryology and compa rative anatomy demonstrate this . 

The apparent separation of the · t wo struc ture s depends solely upon 
secondary development. They a r e apparently crowded to one side, 
and their. connections with the vermis weakened or broken down, 
by the great development of t he superposed parts of t he hemisphere.: 

" I 
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