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This Address " On the Comparative Anatomy of the Con-

volutions of the Brain" was prepared at the request of the

Committee of Organisation of the Anatomical Section of the

Tenth International Medical Congress, which met in Berlin in

August 1890. It was illustrated by a series of fifty large

diagrams, most of which were made by Mr Herbert Goodchild

from dissections prepared for the purpose, and the same gentle-

man has drawn carefully from nature, in pen and ink, a large

proportion of the figures with which the Address, as now pub-

lished, is illustrated. Figures 4, 5, 6, 8, 12, 14 and 16, which

show the relations of the cerebrum and cerebellum to each

other, and in which the corpora quadrigemina are completely

concealed, were drawn before the brains were removed from the

cranial cavity. I wish to thank my assistant, Mr James
Simpson, for the efficient manner in which he exposed these

brains within the skull.





THE

CONYOLUTIONS OF THE BRAIN:

A STUDY m COMPARATIVE ANATOMY.

The theme, "The Convolutions of the Brain," is one of profound

interest to the physiologist, the psychologist, the pathologist, and

the physician. But their respective studies of the functions and

diseases of the cortex of the hemispheres cannot be satisfac-

torily conducted without the aid of the morphologist. So com-

plex is the surface of the human brain that the signification of

its various parts cannot be properly understood without constant

reference to the appearance and arrangement of the surface

of the hemispheres in other vertebrates, more especially the

Mammalia.

The subject is one of so great an extent that I cannot do

more in the limited time at my disposal than give a mere

sketch of the arrangement of the grey cortex in specimens

selected from different orders of mammals. Want of time will

also prevent me from entering into a detailed analysis of the

work of the numerous anatomists who have contributed to our

present knowledge of the subject. I should wish, however, to

pay my respectful tribute to the labours of Foville, Leuret,

Gratiolet, Gervais, Broca and Beauregard, in France ; of Rolando

and Giacomini, in Italy ; of Tiedemann, Burdach, Rudolph

Wagner, Ecker, Bischoff, Pausch, Benedikt, Meynert and Krueg,

in Germany ; of Guldberg, in Norway ; of Burt Wilder, in the

United States; of Owen, Huxley, Flower, Rolleston, Marshall,

Garrod, Ferrier and Cunningham, in Great Britain.

A



6 PHOFESSOR SIR WILLIAM TURNER.

When the surface of a cerebral hemisphere is carefully ex-

amined, it is seen to be capable of a natural division into two
parts: a basal region, or Rhinencephalon, and a superior

portion, or Pallium. The demarcation between these two parts

is due to the presence of a fissure, more or less distinctly

dejfined in different animals, which has been named the rhinal
or ecto-rhinal fissure. Our knowledge of this division is based

upon the study of the development of the brain in different

animals, as well as upon its comparative anatomy. It has been

distinctly recognised by Owen and other anatomists. Broca

wrote two admirable memoirs ^ on the subject, and laid especial

stress on the modifications in the size of the rhinencephalon, or

olfactory part of the brain, in the Mammalia. He has classified

the Mammalia, in relation to the magnitude of their olfactory

apparatus, into two groups : osmatic mammals, which possess a

well-developed rhinencephalon with a keen sense of smell, and

anosmatic mammals, in which the rhinencephalon and olfactory

sense are either feeble or not developed at all. This classifica-

tion is, however, logically defective, because in one and the

same group are included both mammals which have the sense

of smell, though it is not in them a dominant faculty, and

mammals which are destitute of olfactory organs. I propose,

therefore, to modify the classification of Broca, and to arrange

the Mammalia in relation to the development of the olfactory

apparatus into three groups :

—

(a) Macrosmatic, where the organs of smell are largely de-

veloped, a condition which is found, for example, in

the Ungulata, the proper Carnivora and indeed in the

majority of mammals.

(h) Microsmatic, where the olfactory apparatus is relatively

feeble, as in the Pinnipedia, the Whalebone Whales,

Apes and Man.

(c) Anosmatic, where the organs of smell are apparently

entirely absent, as in the Dolphins, and it may be in

the Toothed Whales generally, though, as regards some

genera of Odontoceti, we still require further informa-

tion.

1 " Le grand lobe limbique et la scissure limbique," Semic d'Anthropologic, 1878;

and "Recherchus sur les centres olfactifs " SeviK d'Anthropologic, 1879.
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Rhinencephalon.

The separation of the rhinencephalon from the pallium or

cerebrum proper by a rhinal fissure is fundamental, and is seen,

even in the lowest vertebrates. In Petromyzon, for example,

the division is distinct, and the rhinal or ectorhinal fissure is

present.

Amongst the Mammalia the extent and depth of the rhinal

fissure (r) varies materially. In a number of mammals,

as Echidna, Phalangista, Halmaturus, Macropus, Lepus,

Choloepus, it extends continuously, near the lower boundary of

the hemisphere, from its anterior to its posterior end, as a well-

defined fissure. In Talpa it is shallow, and passes from before

backwards for about two-thirds the antero-posterior diameter

of the hemisphere. In Arvicola, Pteropus and Gynonycteris,

it extends for scarcely one- third the distance. In Dasypus it

is divided into short anterior and posterior segments, not con-

tinuous with each other, and a similar arrangement is to be

seen in Sciurus. In the Carnivora and Ungulata, owing to

the considerable development of the pallium, the tendency of

the fissure is to pass from the lateral to the inferior surface of

the hemisphere. In Apes and in Man, from the great reduction

in size of the rhinencephalon, the rhinal fissure is limited to the

region of the Sylvian fossa.

The rhinencephalon consists of an olfactory bulb, a crus or

B Q
\^—^r

H

Fig. 1.—Hemisphere of macrosmatic Rabbit. The upper figure is the mesial

surface, the lower the cranial surface.

peduncle, and a lobus hippocampi, which vary in appearance.
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position, and size in different mammals. In Echidna they pre-

sent a grey surface, so that the lobus and crus look like a
continuous convolution. Usually, however, white bands appear
on the surface of the crus, which, in the Horse, Dog, and other
macrosmatic mammals, are of considerable breadth. Even in such
small brains as those of the Rabbit and Marmot slender white
bands can be seen on the surface of the crus. In the human
brain, and those of Apes, the surface of the crus is composed of

white matter, similar iu appearance to that of the external and
internal roots of the olfactory peduncle.

The hulbus (b) is the most anterior part of the rhinencepha-
lon. As its name expresses, it has a bulb-like swelling, and,

except in Man and the higher Apes, projects forwards or upwards
in front of the anterior end of the hemisphere.

The CTus or ^^^d'U'YiC'iil'UjS is, as a rule, separated from the

bulbus by a constriction. In Man, Apes, Seals and Whalebone
Whales it is slender and stalk-like. But in most mammals,
as is well seen in the Ungulata, it is thick and band-like.

Immediately in front of the area known in human anatomy as

the locus perforatus anticus, but to which, in the comparative

description of this part of the brain, the name of quadrilateral

space (q) is frequently applied, the olfactory peduncle divides

into roots. Two of these are visible on the surface. They are

called external and internal, and the external {ex), which is larger

and more distinct than the internal (in), forms the outer boimdary

of the quadrilateral space, and in most mammals can be readily

followed backwards into the lobus hippocampi.

The lobus hippocampi (h), called also natiform protuberance,

or lobus pyriformis, is of great importance, for it is the central

origin of the outer root of the olfactory peduncle. It forms a

well-marked eminence in the brains of mammals generally. In

the lower mammals, whether smooth-brained, as in Lepus and

Talpa, or convoluted as in Echidna and Macropus, it is at the

basal part of the hinder end of the hemisphere, and visible at

the side when the hemisphere is seen in profile. In the

Ungulata, and in such Carnivora as the Dog, it is best seen on

the basal surface ;
for, owing to the development of the pallium

backwards and downwards, it is no longer at the posterior end

of the hemisphere, and is only partially seen on the lateral
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aspect. In the Walrus and Seals (fig. 2) the still greater de-

velopment of the pallium has thrown it towards both the basal

and the inner surface of the hemisphere. In Man and Apes,

where it is known as the uncus or unciform convolution, it is

Fig. 2.—Basal surface of the brain of the microsmatic Elephant Seal

{Macrorhinus leoninus).

entirely on the inner surface of the hemisphere, and is concealed

both laterally and inferiorly by the enormous development of

the temporo-sphenoidal lobe. Hence the lowest part of the

hemisphere in this region is not formed by the same structure in

all the Mammalia. In the more lowly organised brains the lobus

hippocampi is the most depending part, but in the higher brains

the convolutions of the temporo-sphenoidal lobe project down-
wards beyond it.

Its size, in relation to that of the entire hemisphere, varies

much in different mammals. In the smooth-brained Insectivora

and Rodentia, for example, the lobus hippocampi forms a con-
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siderable proportion of the hemisphere. In an Erinaceus
europcvus (Hedgehog) its greatest vertical diameter was 7 mm.,
whilst that of the pallium was only 8 mm. In a Tal2)a

europcea (Mole), their vertical diameters respectively were

3 and 6 mm. In a Rabbit the greatest vertical diameter of the

lobus was 8 mm., that of the pallium 16 mm. In a Marmot
{Sperinophilus) their corresponding respective diameters were

7 mm. and 16 mm.
As the brain becomes convoluted, the pallium increases in

size in a mixch greater ratio than the lobus hippocampi, until in

the higher brains the lobus forms but a very small proportion

of the hemisphere. This is especially seen in the brains of

anthropoid Apes and Man.

The consideration of the size of the lobus hippocampi in the

Cetacea is of especial interest, owing to the remarkably modified

olfactory apparatus in those mammals. In the common Porpoise

(Phoccena communis), in which the olfactory nerves are not

developed, the lobus hippocampi is situated on the under and

inner face of the hemisphere, and is continuous with the

antero inferior end of the gyrus hippocampi. The lobus in the

specimen examined is 8 mm. in greatest breadth and 18 mm.
in length, and the cornu Ammonis is fused with that surface,

which is directed to the cavity of the descending horn.

The brain of the Narwhal (Monodon monoceros) is repre-

sented in fig. 3. It is a very characteristic cetacean brain, and.

illustrates in an interesting way the antero-posterior compression

of the hemispheres, and the great increase in transverse diameter,

as compared with the brains of non-cetacean mammals. The

brain of the Narwhal is also anosmatic, the lobus hippocampi

(lh) is a distinct mass on the under surface of the hemisphere

immediately behind the inner end of the deep Sylvian fossa.

It is divided into an inner and an outer part by a fissure ex-

tending obliquely on its under surface. Its greatest breadth is

19 mm., and its antero-posterior diameter is 31 mm. Both the

gyrus hippocampi and cornu Ammonis are prolonged into it. A
non-convoluted area, 35 mm. in breadth and 27 mm. in antero-

posterior diameter, is situated in front, and to the inner side

of the Sylvian fossa and optic tract. It is the perforated or

quadrilateral space (q), the area desert of Broca, and no vestige
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either of olfactory peduncle or roots can be seen in connection

with it.^

Fig. 3.—Basal surface of the brain of the anosmatic Narwhal

{Monodon vionoceros).

In a Balcenoptera rostrata (fig. 33), where the olfactory ped-

uncle and roots are small and rudimentary in relation to the size

of the hemisphere, the lobus hippocampi is 32 mm. long and 18

mm. broad : its dimensions in relation to the size of the hemi-

sphere being practically the same as in the Narwhal. The

quadrilateral perforated area (q) is also distinct, and bounded

anteriorly by the inner and outer roots of the olfactory peduncle.

Its transverse and antero-posterior diameters are respectively

25 ram.

The Porpoise,in the general dimensions of its cerebrum, approxi-

1 It is sometimes said that the reason why the Porpoise and other Delphinidse

have no olfactory organs is, because, from living in water, odorous particles would

be so diffused and diluted that they could not excite the nerves of smell, which

have accordingly atrophied and disappeared. But the Whalebone Whales, which

have a similar habitat, have an olfactory apparatus, although it is small in rela-

tion to the size of the brain (fig. 33). Fish also have well-developed olfactory

organs. The diffusion of odorous particles in an aqueous medium is not there-

fore a sufficient explanation of the disappearance of the smell apparatus in the

Delphinidse.
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mates to that of the brain of the Elephant Seal, and the Walrus,

animals in which the olfactory apparatus is of a size to include

them in the group of microsmatic mammals, though their smell

organs are more highly developed than in the human brain.

In the Elephant Seal the lobus hippocampi is 19 mm. broad

and 23 mm. long ; in the Walrus the corresponding dimensions

are 19 and 27 mm., so that it is considerably larger in them

than in the Porpoise. The termination of the external root of

the olfactory peduncle in the lobus hippocampi in macrosmatic

and microsmatic mammals associates the lobus with the sense

of smell, for which sense it is, as experiment has shown, one of

the cerebral centres. The presence of a lobus hippocampi in

anosmatic mammals, though it is relatively smaller in them

than in osmatic mammals, leads one to infer that some

additional function is to be associated with it.

As a rule, the lobus hippocampi is smooth on the surface, but

it may in some brains be partially divided by shallow fissures.

The presence of an oblique fissure has just been referred to in

the Narwhal. In the Pig more than one short fissure extends

in the long axis of the lobus ; in the Ox a long fissure divides

the lobus into an inner and an outer segment ; one somewhat

similar is seen in the Horse ; whilst in the Polar Bear several

curved furrows give its surface a convoluted appearance (figs. 3,

19, 26, 27).

The rhinal fissure separates the lobus externally, more or less

perfectly, from the pallium, but the lobus also possesses a

definite boundary, both internally and anteriorly.

The lobus is marked off internally by the Jissura hippo-

campi (h), one of the fundamental fissures of the cerebrum

(grenz-furchen). This fissure is visible on the inner and tentorial

surface of the hemisphere, and forms at its lower end the inner

limit of the lobus hippocampi. It curves upwards and forwards

towards the splenium of the corpus callosum, but has not a con-

stant mode of ending in that region. To take some examples

:

in the Pig, Ox, Horse, it efids below the splenium in the grey

cortex of the convolution, which represents the upper end of

the gyrus hippocampi ; in many carnivorous animals it has a

similar arrangement ; in the Elephant Seal, Walrus, many Apes,

and Man it turns round the splenium, and becomes continuous
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with the callosal fissure which bounds the corpus callosum

superiorly; in Dasypus sexcinctus it ends in the posterior

part of the callosal convolution ; in Echidna and Macropus it

curves upwards on to the mesial surface above the rudimentary

corpus callosum.

The lobus is bounded anteriorly by a depression, which is

named the Vallecula, or Sylvian fossa (v). This fossa varies

materially in depth. In all macrosmatic brains it is shallow,

and in some of these, as in Talpa^ Erinaceus, Lepus, Hyrax,

it is very faintly marked. Whenever the olfactory peduncle and

its external root are large, the fossa is crossed in the antero-

posterior direction by this root in its passage backwards to join

the lobus hippocampi. In microsmatic and anosmatic brains,

on the other hand, the fossa is considerably deeper. Two
factors come into play in contributing to its depth. The one is

an absolute and relative diminution in the magnitude of the

rhinencephalon, which is accompanied by a constriction of the

olfactory peduncle, and an imperfect development of its roots,

more especially of the external root. The other is an absolute

and relative increase in the sizle of the pallium in the region

around the Sylvian fossa, so that the pallium is elevated and

projects beyond it.

The Vallecula, or Sylvian fossa, belongs, therefore, funda-

mentally to the Rhinencephalon
;

though, in the process of

evolution of the higher and more complex mammalian brains,

the enormous development of the pallium in its immediate

neighbourhood contributes materially to its depth, and it

becomes continuous in them with the Sylvian fissure.

Pallium.

In all mammals the pallium is larger than the rhinen-

cephalon, though the size is not so great proportionally in the

lower as in the higher mammals. The pallium is the part of

the hemisphere which, in a large number of mammals, possesses

a more or less complex arrangement of convolutions. In some
orders, however, the surface of the pallium is not convoluted,

but retains throughout life the smooth appearance which is the

universal characteristic of the cerebral hemispheres at an early

stage of development. Even in some orders, where the majority

B
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of the species have convoluted brains, other species may retain

the more primitive non-convoluted character. Mammals in

whom the surface of the hemisphere is not convoluted are called

smooth-brained, or Lissencephala.

The Insectivora are apparently the order in which the

smooth-brained surface of the cerebral hemispheres is preserved

throughout life most perfectly in all the genera.^ I shall illustrate

Fig. 4.—Brain of the Mole. 1, pi'ofile of Fig. 5.—Vertex view of brain

hemisphere ; 2, vertex view of brain. of Hedgehog.

the appearance of the brain with figures of the British species,

Erinaceus europoius (fig. 5) and Talpa eiiropcea (fig. 4).

The Rodentia also are almost universally smooth-brained (fig. 1).

But in some genera traces of shallow fissures may occasionally

be seen on the surface, which indicate an early stage in the for-

mation of convolutions. Leuret and Broca figure a short, shallow,

antero-posterior fissure on the upper part of the hemisphere of

the Beaver {Castor fiber), a little to the outer side of the mesial

longitudinal fissure, and the latter also figures a corresponding

fissure in the Marmot and Rabbit. Leuret depicts a similar

fissure in the Agouti. Broca figures a short antero-posterior

fissure on the mesial surface of the pallium above the corpus

callosum in the Beaver, Marmot, and Rabbit, which he names

the limbic (splenial) fissure.^ In Goelogenys paca the pallium

exhibits additional shallow fissures, which give it a still more

convoluted character.^

1 Peters has described the brains of the Insectivorous genera Solenodon, Ehyn-

clwcyon, Petrodromus, and Macroscclides, in Ahh. der k. Akad. der JViss., Berlin

1863 and Eeise nach Mossavihiquc, 1852. A. H. Garrod has figured and described

the brain of Tupaia belangeri , in Froc. Zool. Soc., 1879, and in Collected Scientific

2 Rogner figures in Zeitsch. f. TFiss. Zool, vol. 39, pi. xxxv. fig. 12, the brain

of a Hare in which there is a splenial fissure.

» See Leuret, Anat. Comp. du sysUme nerveux, pi. m.
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The Cheiroptera are usually regarded as smooth-brained

mammals. This may probably be the case in the smallest Bats,

but it does not apply to some of the larger species. Thus, in a

Collared Fruit Bat (Gynonycteris collaris) a short sagittal

fissure is situated in each hemisphere, a little external to the

mesial longitudinal fissure, so as imperfectly to mark off a

sagittal convolution forming the margin of the hemisphere.

The sagittal fissure is better marked than in the brains of

the Rabbit and Marmot. On the mesial surface of the same

brain an antero-posterior fissure, corresponding to the limbic

fissure of Broca—the splenial fissure of Krueg—divides the

surface into callosal and marginal convolutions. The splenial

fissure extends behind the splenial end of the corpus

callosum on to the tentorial surface of the hemisphere,

and differentiates the upper end of the gyrus hippocampi. In

1 3

2

Fig. 6.—Brain of Cynonycteris collaris. 1, vertex view
; 2, cranial surface

;

3, mesial surface.

a Pteropus medius a fairly deep depression extends antero-

posteriorly for nearly 4 mm. on the cranial surface about mid-

FiG. 7.—Hemisphere of Pteropus medius. 1, cranial aspect
; 2, mesial surface.

way between the mesial longitudinal fissure and the lobus
hippocampi. On the mesial face of the hemisphere a very
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distinct splenial fissure begins in front of the anterior end of the
corpus callosum, and extends back to the tentorial surface,

so that marginal, callosal and hippocampal gyri are all

differentiated.

Other orders of mammals also contain species with both
smooth and convoluted brains. Thus, in the Monotremata, Orni-
thorhynchus is smooth-brained. In each hemisphere the two
fundamental limiting fissures (grenz-furchen), named rhinal (r)

and hippocampal (h), which form the limits of the rhinence-

phalon, are present. In the concavity of the hippocampal fissure

a distinct gyrus dentatus is situated. The surface of the pallium
itself is, however, smooth, though I have seen it indented with
shallow vascular furrows.

Echidna, on the other hand, has a convoluted brain. The
species which I have examined is JE. hystrix. The rhinen-

cephalon with its fundamental limiting fissures (r, h) is distinct,

Fig. 8.—Vertex view of brain of Fig. 9.—Hemisphere o{ Echidna hystrix.

Echidna hystrix. 1, cranial surface
; 2, mesial surface.

and the gyrus dentatus is even more strongly denticulated than

the corresponding structure in the human brain. The pallium is

definitely convoluted, and measures 39 mm. in autero-posterior

and 28 mm. in vertical diameter, but the fissures and convolutions

on opposite sides are not symmetrical. Three fissures, 1, 2, 3,
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extend more or less completely down its outer surface in the

vertical transverse or coronal direction, almost from the mesial

longitudinal to the rhinal fissure, so as to map out convolutions

having a similar direction, and these fissures have short sub-

ordinate fissures proceeding from them. The surface of the

pallium in front of the most anterior vertical transverse fissure,

No. 1, forms the anterior half of the pallium, and is divided

by short antero-posterior fissures into small convolutions, the

most posterior of which bounds No. 1 anteriorly. Vertical

transverse fissure No. 2 in the right hemisphere turns round

its upper margin, and becomes continuous with the fissura

hippocampi. The vertical transverse convolution between the

fissures Nos. 1 and 2 is partially divided into anterior and

posterior limbs by subordinate fissures. A small fissure, marked

s in fig. 9, may perhaps represent the Sylvian fissure. The

mesial surface of the hemisphere possesses an antero-posterior

fissure, which, although the corpus callosum is rudimentary,

should be regarded as a splenial fissure. It divides this surface

into two longitudinal convolutions, which are homologous with

the callosal and marginal convolutions in the higher brains.

The Marsupialia also are in part smooth-brained and in part

convoluted. In Phalangista vulpina rhinal and hippocampal

fissures differentiate the rhinencephalon, and a shallow Sylvian

fossa bounds the lobus hippocampi anteriorly. The cranial sur-

face of the pallium is smooth, though two slight indentations at

the margin of the hemisphere mark the beginning of two fissures,

Fig. 10.—Cranial surface of brain of Plutlangista vulpina.

which traverse in the vertical transverse direction the mesial

surface of the hemisphere. The more posterior of these two

fissures extends to the tentorial surface of the hemisphere, and

partially differentiates a gyrus hippocampi behind the hippo-

campal fissure, whilst in front of the last-named fissure is a
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distinct gyrus dentatus. A faint indication of a splenial fissure
is above the rudimentary corpus callosum.

Dasyurus ursinus has also a distinct rhinencephalon, and
the cranial surface of the pallium is smooth, though, as in
Phalangista, also marked by shallow vascular furrows.i In
Halmaturus ruficollis the limiting fissures of the rhinen-
cephalon a.re distinct. The cranial surface of the pallium is

traversed by three vertical transverse fissures, which radiate
upwards from the rhinal fissure, and give a convoluted character
to the surface.

In Macropus major the pallium is distinctly separated from
the rhinencephalon. The cranial surface of the pallium is

Fig. 11.—Cranial surface of hemispliere of Macropus major.

traversed by three fissures radiating upwards in the vertical

transverse direction, and starting from the rhinal fissure

immediately opposite the Sylvian fossa. The most anterior

1 Sir Richard Owen has described and figured (Phil. Tram., 1837) the brains

of Phascolomys icombatus, Macropus major, Dasyurus ursinus, and Didelphys
virginiana. The brain of Macropus closely resembles tliat figured above from
a specimen in the Oxford University Museum. The Wombat is apparently
more feebly convoluted, and the Opossum is smooth-brained. M. Gervais

figures (Nouvelles Archives dit, Museum, 1869) the brains of Macropus gigantctis

and the casts of the cranial cavity of a number of other marsupials. Figures of

the Wombat, Kangaroo, and Thylacine are also given by Mr Flower in the Fhil.

Trans., 1865. Mr W. A. Forbes figures and describes the brain of the Koala
(Phascolarctos cincrcits) \nProc. Zool. Soc, 1881, and in Collected Scientific Papers,

p. 183. The pallium is smooth, and is separated from the rhinencephalon by a

rhinal fissure. The lobus hippocampi has a well-marked fossa Sylvii for its

anterior boundary. A slight indentation in the pallium opposite the Sylvian

fossa probably represents a rudimentary Sylvian fissure. The fissura hippocampi

is distinct and prolonged on to tlie mesial face of the hemisphere above the small

corpus callosum, and behind it is an /-shaped sulcus which reaches the upper and
lower margin of the hemisphere.
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radiating fissure is continued into an arcuate fissure which

arches backwards above the middle radiating fissure, and almost

reaches the posterior radiating fissure. The middle radiating

fissure is apparently a Sylvian fissure (which is probably also

the case with the corresponding fissure in Halmaturus) ihe

convolution between it and the arcuate fissure is the convolution

of the Sylvian fissure, and that between the arcuate fissure and

the median longitudinal fissure is a marginal convolution.

Behind the posterior radiating fissure a short vertical transverse

fissure not reaching the rhinal fissure, divides the part ot

pallium lying immediately above the lobus hippocampi mto two

convolutions.!
r^j^g ^^^^^1 surface, in addition to the fissura

hippocampi, possesses a splenial fissure and callosal and mar-

ginal convolutions. The brain of a smaller species of Macropus

in the University Museum 2 has only two fissures radiating

from a spot in the rhinal fissure opposite the Sylvian fossa;

the more posterior reaches the hinder end of the cerebrum, and

is almost continuous with a fissure on the tentorial surface,

which imperfectly differentiates the posterior boundary of a

Fig. 12.—1, Vertex view of brain of a Mauropus ; 2, mesial surface,

gyrus hippocampi situated behind the hippocampal fissure. A
fissure, which may be called genual, is present on the anterior

part of the mesial surface in .front of and above the rudi-

mentary corpus callosum (fig 12).

1 This fissure has unfortunately been omitted by the draughtsman in figure 11.

* It is labelled "Bush Kangaroo."
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The Edentata possess convoluted brains. The species which
I have dissected are Dasypua sexcinctus and Cholcepua

Fig. 13.—Brain of Dasypus sexcintus. 1, vertex view
; 2, cranial surface

;

3, mesial surface
; 4, vertical transverse section.

hoffmanni} In Dasypus ^ an antero-posterior fissure traverses

1 Tiedemanu has figured the brain of Bradypus didadylus (Icmcs Cerebri
Simmrum, &c.); Rapp has described D. novemcinctus ; W. H. Flower has floured
Cholospus didadylus {Phil, Trans., 1865), Paul Gervais has figured {Nouvelles
Archives dio 3htseum, r., 1869) the brains of Euphractus {Dasypus) villosus,
Manis temmiiwld, Myrmecophaga jubata, Orycteropus capensis ; Georges Pouchet
{Journal de VAnat. and Phys., vols. v. vi., n.s., 1868, 1869) has "figured the
brains of Diouyx, Pangolin, and Bradypus; W. A. Forbes has figured the brain of
Myrmecoplmga jit.bata {Proc. Zool. Soc, 1882, and in Collected Scientific Papers)
In all these Edentates, except Dionyx, the pallium is convoluted, although the
convolutions are more numerous in Myrmecophaga and Manis than in Dasypus
In Manis there is apparently, from Gervais's figure, a well-marked Sylvian fissure
and the fissure depicted by Forbes, l.s.s., fig. 3, in Myrmecophaga is doubtless also
the fissure of Sylvius.

= Fig. 13 is reproduced from my paper on the brain ot Dasypus scaxinctus in
Jour. Anat. and Phys., vol. i. p. 314, 1867.
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almost the whole length of the pallium, and turns round the
.

posterior end of the hemisphere to become continuous with the

hippocampal fissure. Two longitudinal convolutions are thus

differentiated,—the one between this fissure and the interrupted

rhinal fissure, the other between this fissure and the mesial longi-

tudinal fissure,—and this latter convolution has a subordinate

fissure in it. A short splenial fissure on the mesial surface

marks off a marginal from a callosal convolution. In GJiolospus,

near the anterior end of the pallium, a vertical transverse

fissure extends upwards from the rhinal fissure, and turns round

the upper margin of the hemisphere to the mesial surface ; it

marks off the anterior end of the pallium as a distinct convolu-

tion (fig. 14). Behind this fissure a longitudinal fissure extends

backwards, which separates a marginal sagittal convolution

bounding the mesial longitudinal fissure from a second longi-

tudinal convolution situated lower down on the cranial surface

of the pallium. Below this again is an arched fissure, which

forms the upper limit of a third convolution, the lower boundary

of which is the rhinal fissure. There is no definite Sylvian

fissure, but a faint indentation in the lower border of the

Fig. 15.—1, cranial surface; 2, mesial
Fig. 14.- Vertex view of brain of surface of hemisphere of Cholxpus

Oliolcepus hoffmanni. hoffnianni.

pallium, a little above the Sylvian fossa, may possibly be its

representative. On the mesial surface of the pallium a splenial
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fissure commences in front of the corpus callosum. It extends
backwards to behind the splenium, and apparently becomes
continuous with the hippocampal fissure. The convolution
which forms the posterior boundary of the hippocampal fissure

is bounded behind by a deep fissure, which below almost joins

the posterior end of the rhinal fissure, whilst above it turns on
to the cranial surface of the pallium and ends in the second
longitudinal convolution, which it assists in partially dividing

into an upper and a lower tier (fig. 15).

In Hyrax, also, the brain is convoluted. In H. capemis the

cranial surfiice of the pallium is divided into tiers of longitudinal

convolutions by antero-posterior fissures. The highest convolu-

tion is slender and almost equal in length to the hemisphere,

and forms the margin (m) of the mesial longitudinal- fissure.

Fig. 16.—Brain oi Hyrax capemis. 1, vertex view
; 2, cranial surface;

3, mesial surface.

The fissure which forms its lower boundary extends so far back

as to end on the tentorial surface of the hemisphere. The

second longitudinal convolution is equal in length to the hemi-

sphere, and is partially divided into an upper and a lower tier

by an interrupted antero-posterior fissure. The fissure, which

bounds the second convolution below, begins a little in front of

the Sylvian fossa, and extends upwards and backwards almost

to the hinder end of the hemisphere. Between this fissure and

the rhinal is a relatively broad portion of the pallium, which is

divided by two short vertical transverse fissures into three small

vertical convolutions. The more anterior of these fissures has in
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some respects the position and direction of a Sylvian fissure, but

it scarcely reaches the rhinal fissure. The mesial surface of the

hemisphere does not possess a splenial fissure, so that a callosal

convolution is not demarcated from the marginal convolution
;

but a short vertical transverse fissure, which perhaps represents

the genual fissure of Krueg, as seen in some of the Ungulata,

is situated a little in front of the genu of the corpus callosum.

Before I pass to the consideration of the convolutions in those

orders in which the pallium is elaborately convoluted, it may be

of interest briefly to review the fissures and convolutions in the

mammals just described, with the view of noting their order of

relative appearance.

The importance of the rhinal and hippocampal fissures as

fundamental limiting fissures for the rhinencephalon has already

been referred to. But the fissura hippocampi (h) is also the

limiting fissure for the gyrus dentatus (d), which is thus a funda-

mental gyrus, and is present in all mammals. Although in

the brains of mammals so far apart as Echidna and Homo, the

grey matter of this gyrus has the denticulated appearance which

has led to its special descriptive name, yet in most mammals

it is smooth on the surface. The gyrus dentatus varies in

breadth. In the human brain it is a narrow stripe, and lies at

the bottom of the hippocampal fissure, so that it is not easily

seen until the taenia hippocampi is drawn on one side. In

Mammalia, generally, it forms a distinct band visible on the

surface. In the small brain of the Hedgehog (Erinaoeus) it is

3 mm. broad, and in the very much larger brain of the Horse it

is 6 mm. broad, so that it does not increase in size in the same

ratio as the pallium. It is pi-ecisely bounded in front by the

so-called transverse fissure of the cerebrum, through which the

choroid plexus of the pia mater is projected towards the descend-

ing horn of the lateral ventricle. At its lower end it is fused

with the lobus hippocampi of the rhinencephalon, and it is in

relation with the projection into the descending horn called

hippocampus major or comu Ammonis.

Another fissure, which appears low down in the mammalian

brain, is that which extends on the upper part of the cranial

surface in the longitudinal or sagittal direction, parallel to the

mesial longitudinal fissure ; it marks off a convolution which
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may be called sagittal or marginal (m), for it forms the margin of
the great mesial fissure. This fissure is, as previously stated
occasionally present in the brains of rodents and bats and
appears indeed in the pallium of these and some other mammals
before there is any definite evidence of a Sylvian fissure.

In the study of the Sylvian fissure care should be taken to
discriminate between it and the Sylvian fossa or vallecula As
already pointed out, the Sylvian fossa (v) is a depression in the
rhinencephalon immediately in front of the lobus hippocampi,
and It is seen as low down as the brains of the monotremes.
The Sylvian fissure, on the other hand, belongs to the pallium.
It is not seen in the smooth-brained Omithorhynchus, or in
the^ hssencephalous rodents, insectivores, or bats. In Echidna,
again, the small fissure, marked s in fig. 9, may perhaps
represent

^

a Sylvian fissure. In Macropus major I think
it is^ possible that the middle vertical transverse fissure is a
Sylvian

^

fissure. The radiating character ot these fissures in
the brains of Macropus and Halmatm"ws, in which it must
be remembered the corpus callosum is rudimentary, is of
interest in connection with the radiated arrangement of the
transitory fissures on the cranial surface of the human brain at
an early stage of development.^ In Hyrax the more anterior
vertical transverse fissure is also perhaps to be regarded as
representing a Sylvian fissure, though it does not reach the
rhinal fissure. It would appear, therefore, that in the evolution-
of the brain in the mammalian series the Sylvian fissure may be
present in the brains of such low mammals as Bchidna and
Macro2ms, which are also convoluted, whilst it is absent in the
smooth-brained rodents, bats, and insectivores—mammals that
in other respects are more highly organised than the mono-
tremes and marsupials. Further, in these lissencephala there

is a tendency for a sagittal fissure and a marginal convolution

to differentiate on the cranial surface before there is any
evidence of a Sylvian fissure being present.

But the mesial surface of the pallium is also of interest in

connection with the appearance in it of fissures and convolutions.

^ See an interesting discussion on these "complete" fissures in tbe human
brain by Professor D. J, Cunningham in Journal 'of Anatomij and Physiology,

April 1890.
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The fundamental character of the fissura hippocampi and gyrus

dentatus has already been pointed out, and in the brains of

Ornithorhynchus and the Insectivora they are apparently the

only parts which are morphologically differentiated. In some

rodents, however, traces appear of a longitudinal fissure situ-

ated in the grey cortex above the corpus callosum, which is

more accentuated in the bats Cynonycteris and Pteropus. It

is named sometimes the splenial, at others the limbic, fissure (sp).

This fissure is seen also in Echidna, in Marsupialia, in Dasypus

and Cholcepiis; and when it exists it differentiates a callosal

from a marginal convolution. Moreover, when it is prolonged

backwards and downwards to the tentorial surface of the pallium,

it differentiates the posterior limit of a gyrus hippocampi. In

the smooth-brained mammals, in which it is present, it is dif-

ferentiated before a Sylvian fissure appears in them. In Hyrax,

although the cranial surface is well convoluted, and a genual

fissure is present in front of the corpus callosum, yet the

splenial fissure, properly so called, is not differentiated. In

these lower mammals, therefore, it would seem that the relative

order in which the fissures make their appearance is not rigidly

fixed, but that it varies in the different species.

From the description already given, it will have been seen

that the fissures and convolutions are not uniform in their

direction and arrangement, but that three leading groups,

which may be described as sagittal or longitudinal, vertical

transverse or coronal, and arcuate, may be recognised. The
sagittal or longitudinal group lie parallel to the mesial longi-

tudinal fissure ; the vertical transverse lie on the surface of the

pallium, and are directed from the mesial longitudinal fissure

towards the rhinal fissure ; and the arcuate group pursue a

curved course from before backwards. All these groups assume

more strongly marked characters in the more highly convoluted

brains.

The orders in which the pallium assumes the most complex

arrangement of convolutions are the Proboscidea,^ Ungulata,

1 Mayer {Nova Acta, vol. xxxii.) has given a figure of the brain of the Indian
Elephant ; Leuret also has figured the convolutions. Krueg has figured that of

the African Elephant {Zeitsch.f. mss. ZooL, vol. 33, pi. xxxviii.). In the Museum
of the Royal College of Surgeons, England, is a beautiful specimen, which has
not, I believe, been described.
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Cetacea, Carnivora, Pinuipedia, and Primates with Homo i But
even in some of these orders there are a few species in which
the palhum is either smooth or only feebly convoluted. This is
especially the case in the smaller species of these orders where
the weight of the body is small, but where the brain is
relatively larger to the body than is the case in the larger
species of the same order. A central sensori-motor apparatus
of sufficient magnitude for the requirements of the animal
can thus be accommodated in a cortex possessing a plane
surface, and the need for a convoluted folding of that surface
does not arise. The most striking examples of smooth-brained
mammals, in an order otherwise gyrencephalous,^ is seen in the
little Marmoset Monkey (fig. 36),3 a genus of Primates.
To describe in detail the arrangement of the convolutions in

gyrencephalous mammals would occupy much more time than
is at my disposal, so that I shall limit myself to directing atten-
tion to the more striking general features in the plan of
construction.

Convolutions and fissures extending in a direction which may
be termed antero-posterior, sagittal, or longitudinal are to be
seen. Invariably, I think I may say, the margin of the mesial
longitudinal fissure, for either the whole or a considerable part
of its length, is bounded by such a convolution, which is partly
situated on the cranial and partly on the mesial surface of the
pallium, and which is appropriately called marginal (m). In
Man and the more highly convoluted Apes tiers of antero-
posterior convolutions, with their intermediate fissures, make
up a large portion of the frontal lobe.

1 Comparatively little is known of the brain in the Sirenia. Dr Murie, in his
well-known Memoir on tlie Manatee, figures the cerebrum as possessing 'both a
rhinencephalon and a pallium. The pallium has a deep Sylvian fissure, and the
cortex is marked by shallow fissures indicative of convolutions. The specimen
was not in good order {Trans. Zool. Soc, vol. viii.). Mr A. H. Garrod examined
the brain of a Manatee twenty-four hours after death. He describes a Sylvian
iissure, a hippocampal fissure, and a calloso-marginal (splenial) sulcus with
indications of a superior frontal sulcus. He states that the brain does not present
convolutions properly so called {Trans. Zool. Soc, vol. x.).

^ This term, as well as the term lissencephala in other parts of the text, is

used only in its descriptive sense, and not as a taxonomic expression.
" Owen says that the weight of the midas Marmoset is to its body as 1 to 20

;

that of the Gorilla as 1 to 200.
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The Sylvian fissure, common to all the gyrencephala, may,

I think, be regarded as fundamentally vertical transverse in

direction, though in some brains, especially in Man and the

higher Apes, it is directed very obliquely backwards. Its

length varies materially from a few mm., as in the smaller

Carnivora and Ungulata, to several centimetres, as in Homo.

Its depth also is variable, and in such brains as the Cetacea,

Apes, and Man, where its depth is considerable, it more or less

perfectly conceals a set of convolutions which constitute the

insula or island of Reil.

In the Carnivora, Pinnipedia, Cetacea, and Ungulata certain

convolutions and fissures are arranged in successive tiers in

front of, above, and behind the Sylvian fissure, so as to assume

a decidedly arcuate character. In the Carnivora they have been

carefully studied in a large number of genera by many

anatomists.^ The most simple arrangement is to be seen m
the smallest Carnivora, as the Ferret {Mustela furo) (fig. 17)

and the domestic Cat (fig. 18), in which three simple convolu-

tions arch above the Sylvian fissure, which may be named

Sylvian, supra-sylvian, and marginal, whilst the intermediate

arcuate fissures are supra-sylvian and lateral. The marginal

convolution has more of an antero-posterior direction, and

forms the longitudinal marginal convolution of the mesial

longitudinal fissure. In the larger Carnivora, like the Tiger

Fig. 17.—Cranial surface of hemisphere of Mustela furo.

and Polar Bear (fig. 19), similar tiers are also to be seen
;
the

convolutions also are not so simple, but more winding and

more frequently subdivided by secondary fissures. In the

Canidse (fig. 20), four tiers of convolutions are met with, which

1 I may especially refer to the writings of Owen, Leuret, Flower, Benedikt,

Pansch, and Krueg ; also to my chapter on the Convolutions of the Brain in

Challenger Reports, "Zoology," part Ixviii., reprinted in Journal of Anatomy

and Physiology, vol. xxii., 1888.
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may be termed Sylvian, supra-sylvian, lateral, and sagittal or
marginal, whilst the additional fissure may be named medio-

Fig. 19.—Cranial surface of the hemisphere of Ursus maritimus.

lateral. In the Pinnipedia four tiers of convolutions are also

present, and their tortuosity is more marked than in the proper
Carnivora (fig. 21), Both in the Elephant Seal and Walrus, the

Sylvian convolution is partially sunk into the Sylvian fissure,

and I have seen a similar arrangement in the brains of the

Otter (Lutra vulgaris) and the Badger {Meles taxus).

In the Carnivora and Pinnipedia special names are applied

to certain of the fissures on the cranial surface. A fissure,

which springs from the neighbourhood of the Sylvian fossa or

the rhinal fi.ssure in front of that fossa, and which runs forwards

and upwards on the cranial surface of the more anterior part

of the pallium, is called the proi-sylvian fissure (p.s.). Owen
gave the name coronal fissure (co.) to a fissure which passes

more or less in the coronal direction down the cranial surface

of the anterior part of the pallium. The coronal fissure may,
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as in the Dog, or it may not, as in the Cat, be continuous
with the lateral fissure, i.e., the most superior of the arcuate

F:g. 20.—Cranial surface of hemisphere of Canisfamiliaris.

fissures of the pallium. The name of coronal convolution is

sometimes given to the more anterior part of the second
external convolution which bounds the coronal fissure poste-
riorly. The part of the supra-sylvian fissure which lies behind
the .Sylvian convolution is sometimes named fissura supra-

Fig. 21. -Cranial surface of the brain of THcheclms rosmarus.

Sylvia posterior (ssp). In the carnivorous brain another
vertical transverse fissure, the crucial fissure (cr) of Leuret,

c



30 PROFESSOR SIR WILLIAM TURNER,

is very characteristic. It extends from the mesial longitudiual

fissure almost transversely outwards and is bounded by the

sigmoid gyrus (sg) of Flower. The crucial fissure and

sigmoid gyrus vary in their position antero-posteriorly. In

the Walrus and Seals they are at the anterior end of the

pallium ; in the Cat in about the anterior fourth, in the Dog

and Mustela at nearly the junction of the anterior and middle

third, in the Bears at nearly the junction of the anterior and

posterior half. The sigmoid gyrus separates the crucial and

coronal fi.ssures from each other. The most anterior end of the

pallium, in such Carnivora as the Dog, has a beak-like form,

and has been named the prorean convolution; whilst the

fissure which forms its posterior boundary, situated in front of

and almost parallel to the pra3-sylvian fissure, is the prorean

fissure of Krueg.

The mesial surface of the carnivorous cerebrum has a distinct

splenial fissure, which has a longitudinal and arcuate arrange-

FiG. 22.—Mesial surface of left hemisphere of Macrorhinus leoninus.

ment (figs. 18, 19). It differentiates the marginal from the

callosal convolution, and as the callosal is continued behind into

the hippocampal convolution, these two form the great arcuate

gyrus fornicatus. A fissure bent downwards in front of the
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genu of the corpus callosum is sometimes continued back into

the splenial fissure, but at other times is independent of it, in

the latter case it is named the genual fissure (g). In the

Elephant Seal (Macrorhinus) the pallium above the splenial

fissure is divided by a supra-splenicd fissure into two tiers

Fig. 23.—Mesial surface of left hemisphere of Trichechus rosmarus.

(fig. 22) named the marginal and supra-splenial convolutions.

In the hemisphere of the Walrus, represented in fig. 23, this

division has not taken place, but in another specimen both the

supra-splenial fissure and convolution are present. Both in the

Walrus and Elephant Seal a postero-horizontal fissure (ph)

extends backwards from the splenial fissure. Below the postero-

horizontal fissure a distinct post-splenial fissure (psp) (Krueg)

is to be seen, and between it and the postero-inferior part of

the splenial fissure is a splenial convolution (spc).

The splenial fissure varies in its relation to the crucial fissure

in the carnivorous brain. In the Elephant Seal, Walrus, various

Canidffi, Badger, Ratel, Mustek, I have observed them to be
continuous with each other; whilst in Phoca, Ursus, Coati,

and some Felidse, I have seen them to be separated by an
intermediate convolution.

In the brain of the Dog the splenial fissure is not unfre-
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quently prolonged into the most posterior part of the rhinal

fissure (fig. 24). In the Carnivora generally these fissures are

Fig. 24.—Mesial surface of right hemisphere of Canisfamiliaris.

most usually separated from each other by a convolution which

Broca has named retrolimhic (fig. 18, rl.)

The orbital surface of the pallium in the Carnivora possesses

a distinct olfactory fissure, which is concealed by the bulb of

the rhinencephalon ; between it and the mesial longitudinal

fissure is a gyrus rectus. In the Elephant Seal (fig. 2) and

Walrus the olfactory fissure and gyrus rectus are also present.

External to the olfactory peduncle is an intra-orbital fissure

(io)', between it and the olfactory fissure is an internal supra-

orbital gyrus (isc), and between it and the prae-sylvian fissure

is an external supra-orbital gyrus (esc).

In the brains of the Ungulata the cranial surface of the

Fig. 25.—Cranial surface of hemisphere of Ovis aries (Sheep).

pallium shows a Sylvian fissure surmounted by tiers of arcuate

fissures and convolutions. The laborious researches of Krueg,^

^ Zcitsch. f, wisscn. Zoologie, vol. xxxi. 1878,
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have demonstrated the presence of at least three tiers of con-

volutions in a large number of species. The highest tier forms

the marginal convolution of the mesial longitudinal fissure. This

arrangement is seen in the Sheep (Ovis aries) (fig. 25). In some

species, as the Ox and Horse, four tiers of convolutions, with

H
Fig. 26.—Cranial surface of hemisphere of Bos taurus (Ox).

22k.

H
Fig. 27.—Cranial surface of hemisphere oi Equus caballus (Horse).

corresponding fissures, are present, which may be named in

terms similar to those employed in the nomenclature of the

Dog's brain. Both coronal and prge-sylvian fissures exist in the

ungulate brain. Some anatomists hold that a crucial fissure may
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also ]be recognised. In the Suidas, more especially in Dicotylea,

a fissure runs transversely outwards from the mesial longitudinal

fissure ; at first sight it might be taken for a crucial fissure, but
on closer observation it will be seen to join the coronal fissure,

6

Fig. 28.—Vertex view of brain of Dicotylcs torquatus (Peccari).

and not to be bounded by a sigmoid gyrus. When the sigmoid

gyrus is absent, I do not think that this or any other transverse

fissure should be regarded as homologous with the cruciate

fissure in the Carnivora.

The mesial surface of the ungulate cerebrum possesses a dis-

tinct splenial fissure, which is frequently prolonged backwards

and downwards to the tentorial surface ; in many species, as in

Phacochoerus and the common Pig (fig. 30), it is not continued

forwards into the genual fissure, but is separated from it by a

bridging convolution. In the Horse and Rhinoceros,-^ the

^ Owen described and iigured the brain of the Indian Rhinoceros (B.

unicffrnis) in Trans. Zool. Soc, 1850, and Garrod figured the brain of the

Sumatran Rhinoceros in Trans. Zool. Soc, vol. x. pi. Ixx., and in Collected

Scientific Papers. The brain of the Hippopotamus has been described by Peters

{Monats. d. Berliner Akad.
, 1854) ;

Gratiolet, Paris, 1867 ;
Macalister, Proc. Roy.

Irish Acad., vol. i., 1873-74
;
Garrod, Trans. Zool. Soc, vol. xi., and in Collected

Scientific Papers.
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callosal convolution is partially divided into two tiers by a

longitudinal fissure. The splenial fissure not unfrequently turns

Fig. 29.—Cranial surface of hemisphere of Sus scrofa (Pig).

Fig. 30.—Mesial surface of hemisphere of Sus scrofa.

Fig. 31.—Mesial surface of hemisphere of Equus cahallus.

upwards to the margin of the pallium (fig. 30) to become con-

tinuous on the cranial surface with either the coronal or the
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lateral fissure, as in the Pig and Gazelle. I have seen in the
brains of Ovis and Bos the splenial fissure reach the margin
of the pallium without being continuous with either of these
fissures; whilst in Equus it sends an offshoot as far as the
edge of the mesial longitudinal fissure. In Dicotyles the
splenial fissure does not reach the margin of the hemisphere,
but is prolonged forwards into the genual fissure.

In the Cetacea the researches of Beauregard and Guldberg,
as well as my own observations on Phoccena, Glohioeephalus,
Monodon, and Bcdcenoptera have satisfied me that the con-
volutions on the cranial surface are arranged in great arcuate
tiers surmounting the Sylvian fissure.

In the Narwhal (Monodon), and in Balcenoptera rostrata, for

Fig. 32.—Cranial surface of the hemisphere of Monodon monoceros (Narwhal).

example, the tiers are four in number, and are separated from each

other by arcuate fissures. The tiers may be named from above

downwards, marginal, medio-lateral, supra-sylvian, and Sylvian.

Each of these tiers is in its turn broken up into secondary con-

volutions, so that the whole cranial surface of the pallium is
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highly convoluted. Fissures which may be termed prse-sylvian

and coronal may also be recognised.

The mesial surface of the hemisphere may be described from

Balcenoptera rostrata (fig. 33). The corpus callosum is sur-

mounted by a gyrus fornicatus, which may be traced from the

perforated or quadrilateral space as a great arcuate convolutio^

Fia. 33.—Mesial surface of the hemisphere of Balcenoptera rostrata.

at first upwards and forwards as the callosal convolution (cc),

and then backwards and downwards behind the splenium,

where, as the gyrus hippocampi (ho), it becomes continuous
with the lobus hippocampi. The callosal part of this con-

volution is partially subdivided into two tiers by a longitudinal

fissure. The splenial fissure forms the upper boundary of

the gyrus fornicatus in its whole length, and consists of the
genual and splenial fissures continued into each other. It is

crossed near the lobus hippocampi by two retro-limbic gyri.
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The inner face of the hemisphere above the splenial fissure

has a high vertical diameter, is greatly sub-convoluted, and ia

divided by a supra-splenial fissure (ssp) into a supra-splenial

and a marginal convolution. The tendency to the formation of

secondary or tertiary convolutions is more marked in the ceta-

cean than in any other brain, and it probably reaches its maxi-
mum in the brain of Glohiocephalus melas.

In the genera of Primates which possess convolutions, and in

Homo, the three groups of fissures and convolutions, longitudinal,

vertical transverse, and arcuate, are present, and even in the

smooth-brained Marmoset, a Sylvian fissure is seen (fig. 36).

The longitudinal arrangement is well shown in the hemisphere

of Man and the anthropoid Apes. It has its best representatives

in the marginal, and in the upper, middle, and lower frontal

Fig. 34.—Vertex view of the human brain.

convolutions. The arcuate arrangement is seen in the more

posterior convolutions of the parietal lobe, which are con-

tinuous through the bridging convolutions with the convolu-

tions of the occipital and the temporo-sphenoidal lobes. The

Sylvian fissure is surmounted by these convolutions. The
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continuity of this arcuate arrangement with the convolutions

of the frontal lobe is, however, disturbed by the magnitude and

importance of the two great vertical transverse or central con-

volutions, named ascending frontal and ascending parietal, and

of the central fissure, or fissure of Rolando, which lies between

them (figs. 34, 35).

It is a question if the fissure of Rolando is present in any

other brains than those of Apes and Man. It has been looked

for more especially in the carnivorous brain, and several opinions

have been expressed on the subject. A certain similarity in

direction with the crucial fissure has led several authorities to

regard the fissure of Rolando as homologous with it, and the

anterior and posterior limbs of the sigmoid gyrus as the homo-

logues of the ascending frontal and parietal convolutions. Broca

and other French anatomists again look upon the prse-sylvian

fissure as representing the fissure of Rolando. Owen, Pansch,

and Meynert have regarded the coronal fissure as the homologue

^ This figure and fig. 41 are reproduced from my memoir '

' On the Bridging

Convolutions in the Brain of the Chimpanzee," Proc. Roy. Soc. Edin., Feb. 19,

1866, p. 578.
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Of the fissure of Rolando, and several reasons, more especially of
a physiological nature, may be urged in support of this position.
1 shall not, however, pursue the subject further on this occasion
as 1 have elsewhere discussed it at considerable length.^
But in the brains of the convoluted Apes and of Homo, an-

other vertical transverse fissure of great importance has to be
studied, VIZ., i\iepaTieto-occi2ntal fissure, which the descriptive
anatomist is in the habit of regarding as mapping out on the sur-
face of the hemisphere the interval between the parietal and the
occipital lobes. In the Ape's brain it is distinctly marked both
on the cranial and mesial surfaces ; in the human brain, though
very distinct on the mesial surface, it is obscured on the cranial
surface by bridging convolutions (figs. 34, 35, 40, 41).
But the question arises for consideration. Can there not be an

occipital lobe without a parieto-occipital fissure ? This question
must, I believe, be answered in the affirmative. The test of an
occipital lobe is not the presence of a parieto-occipital fissure,
for the lobe exists before this limiting fissure is produced.
The true sign of the presence of this lobe is the backward growth
of the hemisphere, so that it lies above the cerebellum, and with
this growth a corresponding extension of the ventricular cavity
backwards takes place in the form of a posterior cornu. Asso-
ciated with the posterior cornu is the formation of a calcarine
fissure on the mesial surface of the hemisphere, through which
is produced a calcarine elevation in that horn known as the .

hippocampus minor.

That this is the real explanation of the signification of the

Fig. 36.—Hemisphere ot Hapale jacchiis (Marmoset). 1, cranial surface
;

2, mesial surface.

occipital lobe is proved by what is seen in the Marmoset Monkey
(Hapale jacchus). In this animal the cerebrum is extended

^ See my " Memoir on the Seals" in the Challenger Ecports, part Ixviii., 1888,
and in the Journal of Anatomy and Physiology, vol. xxxii. p. 554.
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SO far back as to cause the cerebellum to be below the hinder

part of the cerebrum. On the cranial surface the Sylvian fissure

is very distinct, and a shallow depression in the temporo-

sphenoidal lobe marks the position of a rudimentary parallel

fissure. Otherwise this surface is quite smooth. On the mesial

surface there is no splenial fissure, but opposite the splenium a

distinct calcarine fissure (fig. 36, ca) is continuous with the

hippocampal fissure, and extends back almost as far as the tip of

the posterior end of the cerebrum. Within the hemisphere a

posterior cornu and calcar avis are present. There is no trace

of a parieto-occipital fissure.

Confirmation of this view can be obtained from the brain of

the Prosimian Javan loris (Stenops), in which a calcarine

fissure on the mesial and tentorial surface proves the presence

2 1

Fig. 37.—Brain of Stenops (after Flower).^ 1, cranial surface ;
'2, mesial surface.

of both posterior cornu and calcar avis, i.e., of an occipital lobe.

In this animal there is no parieto-occipital fissure. Moreover,

Lemur nigrifrons exhibits a similar arrangement (figs. 37, 38, cct).

Fig. 38.—Hemisphere of Lemur nigrifroris, mesial surface (after Flower^).

Hence, if the surface of the hemisphere be examined with the

view of determining the presence of an occipital lobe by the

existence of a fissure, the calcarine fissure is that which is to be

regarded as of primary importance, and the parieto-occipital

fissiTre appears at a later period in the evolution of the mam-
malian brain. What then is the signification of the parieto-

1 Trans. Zool. Soe. Lond., vol. v, 1862.
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occipital fissure ? It is, I believe, nothing more than a folding
on the cranial and mesial surfaces of the hemisphere, expressive
of and due to the great development of the grey matter of the
cortex and its associated white matter in the region where the
posterior cornu branches backwards from the body of the
ventricle. This fissure is absent in the Prosimii and in the
Platyrrhine Marmoset, but it is present in Man, the Apes of the
Old World, and in the larger American Monkeys as Fithecia
Ateles, and Cehus.

From this view of the case I cannot, as is done by some
anatomists, regard the occipital lobe as a bud, more or less

independent, springing out of the hinder part of a parietal lobe
and separated from it by a constricting fissure. In myjudgment
the occipital lobe is due to a continuous growth of the hemi-
sphere- and of the ventricular space contained within it, corre-

lated with an antero-posterior elongation of the cranial cavity,

and a depression downwards and forwards of the cerebellum

and medulla oblongata ; so that the foramen magnum is not at

the posterior end of the cranium, but is thrown some distance

forwards on to its basal surface.

The period of appearance, in the course of the evolution of the

mammalian brain, of a fissure of Kolando, having a position and
direction such as we are familiar with in the brains of Primates,

may also engage our attention for a few moments.

In the Prosimian Stenops and Lemur nigrifrons it is absent.

Fig. 39.—Hemisphere Lemur nigrifrons, cranial surface (after Flower).

No vestige of it can be seen in the Platyrrhine Marmoset ; but

it is distinct in the Platyrrhine genera, Pithecia, Ateles, Cehus,

&c. But, notwithstanding its absence in the Lemuridce and

the smaller Apes of the New World, there can be no question,

from the general conformation of the hemispheres in these
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animals, that they contain potentially both frontal and' parietal

lobes. It is true that the Marmoset has a perfectly smooth

hemisphere ia front of and above the Sylvian fissure; but the

hemisphere in Stenops possesses in its more anterior part rudi-

mentary fissures extending antero-posteriorly, which mark the

commencement of a differentiation into tiers of convolutions ex-

tending in a sagittal direction, such as one is familiar with in the

frontal lobe of the higher Apes. Corresponding antero-posterior

fissures exist also in Lemur nigrifrons (fig. 39, fr), and another

fissure is placed further backwards (ip), which is probably the

homologue of the intraparietal fissure in the higher brains.

Hence we cannot but conclude that a cerebral hemisphere may

possess both a frontal and a parietal lobe, even when no trace

of a fissure of Rolando exists, just as it may have an occipital

lobe without a parieto-occipital fissure.

A distinct temporal lobe also exists in the Prosimian brain,

and both in iemur nigrifrons and Stenops a fissure parallel

TS
Fig, 40.—Mesial surface of the left hemisphere of Man.

to and behind the Sylvian fissure may be seen in this lobe.

Even in the smooth-brained Marmoset a temporal lobe elongated

downwards and forwards is present, and a rudimentary parallel

fissure can be recognised; whilst in the larger American

Monkeys, like Cehus and Ateles, and still more in the Old

World Apes and in Man, the general characters of this lobe are

known to all anatomists.

Both Lemur nigrifrons and Stenops possess a calloso-

marginal or splenial fissure, so that the marginal convolution

is differentiated from the callosal (figs. 37, 38), whilst in the
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Platyrrhiue Marmoset this fissure is absent, and the callosal and
marginal areas of the mesial aspect of the hemisphere present a
contmuous plane surface (fig. 36). In this respect, the Lemvyridce
are m advance of the genus HapaU and more closely approximate
to the arrangement found in the higher Apes and in Man

Fig. 41.—Mesial surface of the left hemisphere of a Chimpanzee.

In the human brain and in the Ape the calloso-marginal
(splenial) fissure is very distinct, and separates the callosal and
marginal convolutions from each other. It is usually prolonged
upwards to reach the upper margin of the hemisphere, and it

may be continued back into the parieto-occipital fissure. It
separates from each other the callosal and marginal convolutions.
On the tentorial surface of the hemisphere, and below the
calcarine fissure, is the collateral fissure (n), which forms the
posterior boundary of the hippocampal convolution ^ (figs. 40, 41).

In the human brain and that of the Ape, more especially the
anthropoids, the orbital surface of the frontal lobe is divided by
fissures into convolutions. A distinct olfactory fissure Avhich

demarcates a gyrus rectus (fig. 42, 17) is present. External to

^ The calloso-marginal fissure in the human brain is apparently the conjoined
genual and splenial fissures which in many lower mammals are not continuous
with each other. When prolonged into the collateral fissure, as is frequently the
case in Man and the higher Apes, it then forms a great arcuate fissure forming
the upper boundary of the gyrus fornicatus, for which Waldeyer has suggested the
name sulcusfmiiicaltis.
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the olfactory peduQcle is a branching fissure which many years

ago I named the triradiate fissure. The term intra-orbital

fissure is, however, more appropriate, and the convolutions

Fig. 42.—Orbital surface of tlia microsmatic brain of Man.

bounding it externally and internally, may be named, as in the

Walrus and Seal, internal and external supra-orbital.

The consideration of the production of the fissures of the

cerebral hemispheres, and the consequent conversion of a smooth

brain into one with convolutions, is a matter of so much interest

that I cannot conclude without making some reference to it.

I believe that the mode of production of a convoluted surface is

to be regarded as in the main a physical problem and to be
studied from that point of view. Three great factors require to

be taken into consideration in the discussion of this problem.

First, the growth of the grey matter of the cortex and its

associated white matter. Second, the growth of the great

ganglia at the base of the hemisphere and the connections

which these ganglia have through the intermediate strands of

nerve-fibres with the cortical grey matter. Third, the pressure
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on the hemisphere due to the resistance offered by the parts

which enclose it.

As regards the growth in superficial area of the grey matter

of the cortex, it is universally recognised that a convoluted

surface gives a much more extensive superficial area to the

cortex of a brain than it is possible to obtain in a brain of a

corresponding volume when the cortex is smooth. The pre-

sence of convolutions expresses, therefore, a more extended area

of grey matter, and a corresponding modification in the strands

of nerve-fibres connected with it.^ It is very probable that this

growth of the cortex may be affected by the tension exercised

on it by the nerve-fibres passing into its deep surface from the

subjacent parts of the encephalon. It has been suggested, for

example, that the depression of the island of Reil at the bottom

of the Sylvian fissure is due to its relation and connection with

the subjacent corpus striatum checking its extension towards

the surface. The cortical matter forming the lips of the Sylvian

fissure, having no such check, would therefore project beyond it,

and conceal it in such brains as those of Man, Apes, and the

Cetacea.

But another chief factor in the production of the convolutions

may be looked for in a resistance offered to the growth of the

cortex along certain lines or planes. The parts which, from their

situation, might be regarded as capable of offering such resist-

ance are the blood-vessels of the pia mater ; also the dura,

mater and the bones which form the walls of the brain

cavity.

1 The influence which the convolutions have on the relation between the

superficial area and the volume of the biain is expressed by M. Baillarger as

follows:
—"La difference entre le rapport des volumes et des surfaces est le

resultat de cette loi mathematique; que les volumes des corps semblables sont

entre eux comme les cubes de kurs diamfetres, tandis que lenrs surfaces sont entre

elles comme le carre de ces diametres, ce qui donue des proportions trfes differentes.

Le cerveau subit cette loi h, laquelle il est cependant soustrait en partie par I'exist-

ence des circonvolutious."—Quoted by M. Broca in his essay " Le Grand Lobe

Limbique, &c.," Eeviic d'Anthropologie, 1878.

"When this address was delivered in Berlin I had not seen the report in the

Jjrit. Med. Jour, of Aug. 2, of the address delivered by Prof. Cunningham of

Dublin at Birmingham in the previous week, in which the influences which

produce the cerebral convolutions are discussed at considerable length, and

the various theories which have been advanced are stated with force and

lucidity.
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As regards the possibility of pressure being effected by blood-

vessels, the following reasons may be given :—

It is well known that, in several parts of the body, grooves

may be produced by the pressure-pulsation of blood-vessels

even on the bones themselves. Thus the arteria facialis can

groove the inferior maxilla, and the arteria subclavia the 1st

rib. Veins also may by pressure occasion grooves such as are

produced by the lateral and superior longitudinal venous sinuses

in the inner table of several of the cranial bones. Much more,

therefore, is it possible to conceive that the pressure of the

vessels of the pia mater may produce furrows on the surface of

the soft cerebral cortex. There is indeed no difficulty in satisfy-

ing oneself that furrows can be produced by this agency. Any

one who carefully strips off the pia mater from the cerebrum of

a smooth-brained animal may see branching furrows on the

cortex corresponding to the arterial distribution in the pia

mater. In the developing brain, also, the pressure of the choroid

plexuses on those parts of the wall of the hemisphere-vesicle

which consist almost, if not quite exclusively, of epithelium,

causes an involution of the thin wall of the hemisphere towards

the ventricle, and a consequent furrow or fissure on the surface.

Even in the convoluted brains one may, in certain localities,

obtain evidence of furrowing of the surface of the cortex by

arterial pressure.

But, notwithstanding all these examples, I do not attach

much importance to the influence of arterial pressure as a factor

in the formation of those fissures which I have been describing

on the surface of the cerebral hemispheres. If they were of

fundamental importance in this connection, then the pattern of

the cerebral fissures and convolutions should precisely correspond

with the distribution of the blood-vessels, which is by no means

the case. Even when a blood-vessel follows the line of a fissure,

the association between them is in all probability because the

fissure offers a convenient and easy passage for the vessel, and

not because the vessel by its pressure produces the fissure. As

is well known, the middle cerebral artery is lodged in the

Sylvian fossa and fissure, the depth of which is, without doubt,

determined by other conditions than the pressure of this artery

and its branches. From the examination of the injected brain
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of a Marmoset, I have seen a main artery occupying for some
distance the Sylvian fissure, and then leave the fissure to pursue
a course entirely independent of it. The relation between them
is clearly, therefore, of secondary importance. Similarly the
larger arteries of the cerebellum have not a definite relation to
the numerous folia and fissures into which its surface is divided.
The resistance ofifered by the walls of the cranial cavity, com-

paratively unyielding as they undoubtedly are in the earlier
stages of development, and still more unyielding as the ossifica-

tion of the cranial bones advances, offers, I believe, another
explanation of the production of a convoluted surface. The
cranial cavity, when viewed in its relation to brain-growth, is not
one chamber but three chambers. The single large cavityobserved
in the macerated skull is divided, when the dura mater is in
position, into three chambers,—a pair of superior chambers sepa-
rated from each other by the falx cerebri, in which the two
cerebral hemispheres are lodged, and a single inferior chamber
separated from the two superior by the tentorium cerebelli, and
destined for the lodgment of the cerebellum. The resistance

offered by the walls of the chambers in which the hemispheres
are contained is due partly to the vaulted roof of the skull,

partly to the tense and resisting falx cerebri, and partly to the
equally tense tentorium cerebelli. The vaulted cranial roof has
a continuous arched surface, but, where it is joined by the

attachment of the falx and tentorium, a very definite angle is

formed, so that the chamber for each hemisphere is, when seen

in vertical transverse section, triangular in its shape. At each

angle of this triangular chamber the soft and easily-moulded

grey cortex is subject to pressure on two aspects, so that

if the growth of the grey matter and hemispheres generally is at

a greater rate than the growth of the chambers in which they

are contained, their surfaces would become folded, and the

direction of these foldings would have a relation to the lines or

planes of resistance.

The primary fissure of the entire cerebrum is the mesial

longitudinal fissure, the formation of which, at a very early

period of development, separates the originally single hemi-

sphere-vesicle into two hemispheres. The researches of Mihal-

kovics have shown that the production of this fissure is
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associated with the development of the falx cerebri, which, by

its growth, pressure, and resistance, produces 'a depression in the

mesial plane of the hemisphere vesicle, which, as it increases in

depth, leads to the formation of the longitudinal mesial fissure.

We have here, therefore, distinct evidence that pressure and

resistance on the vertex of the embryonic cerebrum have pro-

duced a fissure which, in this case, extends in the longitudinal

or sagittal direction.

But the examination of the fissures and convolutions already

made has taught us that in each hemisphere fissures and con-

volutions, extending in a sagittal direction, i.e., parallel to the

great longitudinal fissure, are a very usual arrangement, and

their production is, I believe, in part due to the growth of the

hemisphere chamber in vertical diameter not keeping pace with

the growth in the vertical direction of the cerebral cortex ; so

that the cortex folds on itself in the longitudinal or sagittal

direction, i.e., at right angles to the direction of the pressure.

The production of vertical transverse fissures and of convolu-

tions having a corresponding direction may, in like manner, be

due to the resistance offered to the antero-posterior growth of

the hemisphere, owing to the length of the cranial cavity not

being proportioned to the growth of the hemisphere in the

same direction. A striking illustration of this is furnished by

the brain of the Cetacea. As is well known, the cranial cavity

in these animals is antero-posteriorly compressed, so that the

sagittal diameter of the brain is much less than the transverse.

Now, if we examine the hemisphere of such a cetacean as the

Narwhal (fig. 32), we see that, in addition to the arcuate

fissures and convolutions referred to in the descriptive part of

this address, the surface of the hemisphere is crowded with

fissures and convolutions, the general direction of which is

vertically transverse, i.e., at right angles to the direction of the

pressure.

As regards the arcuate fissures and convolutions, it is possible

that they may be modifications of a system of fissures and

convolutions, originally arranged longitudinally, which become

altered in direction by the development of a temporal lobe

growing downwards and forwards, and by a change in the direc-

tion of the tentorium cerebelli from a vertical plane to one
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which is more nearly horizontal, so that the cerebellum is no
longer posterior, but inferior in position.

>
The hemisphere, even in the most highly convoluted mam-

malian brains, is originally smooth on its surface in the embryo,
and the convolutions appear and gradually assume their charac-
teristic arrangement as the ossification of the walls of the cranial
box advances. The resistance offered by the surrounding parts at
last becomes so great that the growth of the cortex cerebri, and
of the hemisphere generally, ceases, and the convoluted surface
then exhibits the arrangement, which is characteristic of the
species and of the individual.

No more striking example of a highly convoluted brain can
be referred to than that of Gauss, the great mathematician, as

figured by Rudolf Wagner.i By way of contrast, the brain of

the Bushwoman figured by Mr John Marshall 2 may be looked
at. In both, the plan of arrangement of the fissures and con-

volutions characteristic of the human brain is present ; but the
tortuosity and subdivision of the convolutions in the brain

of Gauss contrast strongly with their comparatively simple

disposition in the Bush brain. In volume Gauss's brain

surpassed that of the Bushwoman, and his cranial cavity w^as,

of course, larger ; but it is not unlikely that in him the rate of

brain-growth so far exceeded the rate of expansion of the

cranial cavity that the resistance olfered by the walls of the

latter induced the complex secondary foldings on the surface of

the pallium, which give to his brain its individual character.

Once a specific arrangement has become established, it is

then transmitted from generation to generation by hereditary

influence, so that an anatomist who has made the convolutions of

the mammalian brain a subject of study can, by an inspection of

the cortex cerebri, determine with tolerable precision the species

to which the brain belongs. Further, the constancy of the

morphological specialisation in each species points to functional

differences in the areas thus differentiated from each other.

From the study of the surface of the hemisphere in the whole

series of Mammalia, it is obvious that the convolutions do not

exhibit a progressive and continuous development from the lower

^ Morphologic des Mcnschlichen Gchirns, 1860.

2 Phil. Trails., 1863.
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mammals up to the higher Apes and Man. On the contrary,

the brain follows apparently in each order its own plan of

evolution, so that it is not uncommon to find in the same order

some species with smooth brains, others possessing brains with

feeble convolutions, others again with convolutions much more

complicated in their arrangement. Examples of these modi-

fications within an order have already been referred to in the

Monotremata, the Marsupialia, and the Primates. The study,

therefore, of the convoluted surface of the pallium in the Mam-

malia does not sanction the view that there has been a continuity

of evolution from Ornithorhynchus to Homo in a direct longi-

tudinal series, for well-convoluted brains may exist in an order,

the general construction of the animals forming which may be

inferior in other respects; whilst some species, in another order

presumably higher in its organisation, may have the brain only

feebly convoluted, or perhaps even with a smooth surface. This

proposition may be made more clear if I give an example.

The brains of the larger Carnivora, and still more those of

the Pinnipedia, have, as is well known, an elaborate arrangement

of convolutions,

In the Lemuridse, again, the convolutions are feeble, and in

the Platyrrhine Marmoset the surface of the brain is practically

smooth. Hence it is difficult to conceive that the brain of the

Lemurs, or of the Primates, has been evolved out of the Carni-

vorous brain, at least after the cortex of the cerebrum in this

latter order had begun to assume a convoluted arrangement.

If the Primates had been evolved from the Carnivora, or even if

the Lemuridse had been derived from them, the branching off

from a carnivorous stem must have occurred before the carni-

vorous brain became convoluted ; for it is unlikely that in the

process of evolution the convoluted brain could have disappeared

and a smooth brain, such as we see in a Marmoset Monkey,

have been its successor. The replacement of a convoluted

brain by one with a smooth surface would be a retrograde or

degenerative step, and not an evolution to a higher stage of

development. A similar remark would also apply to the evolu-

tion of the Primates from ungulate, cetacean, or proboscidean

mammals, in which the pallium had assumed a convoluted

character.
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As the configuration of the brain and the pattern of the con-
vohitions have followed in each order a process of evolution
characteristic of the order, the arrangement of the convolutions
does not follow the same plan in the various orders. Hence in
the comparison of the brains of mammals with each other,
diversities of i^lan are recognised which make it impossible to

determine the presence of precisely homologous fissures and
convolutions in the whole series of the gyrencephala. There
are, however, certain parts which are fundamental to both
gyrencephalous and lissencephalous mammals, viz., rhinal and
hippocampal fissures and a gyrus dentatus. Moreover, the area
situated immediately above the corpus callosum and behind the
hippocampal fissure represents in all mammals the gyrus fomi-
catus of the anthropotomist, which even low down in the
Mammalia becomes differentiated into a distinct convolution by
the formation of a splenial fissure. In each order the develop-
mental process which determines the pattern of the cerebral

cortex would seem to be regulated by the functional and physical

necessities of the animals constituting the order, as well as by
the conditions of hereditary descent.

The Brains of the Animals figured in this Memoir are, except
figures 37, 38, 39, from original material.

Fig. 1. Lepus cuniculus.

2. 22. Macrorhinus leoninus.

3. 32. Monodon monoceros.

4. Talpa europoea.

5. Erinaceus europmus.

6. Cynonycteris coUaris.

7. Pteropus medius.

8. 9. Echidna hystrix.

10. Phalangista vulpina.

11. Macropus major.

12. MacrojJus.

13. Dasypus sexcinctus.

14. 15. Cholceptis hoffmanni.

16. Hyrax capensis.

17. Mmtelafuro.

Fig. 18. Felis domestica.

19, Ursus maritimm.
20, 24. Canis familiaris.

21, 23. Tricheclms rosmarm.
25. Ovis aries.

26. £os taurus.

27. 31. Equus caballm.

28. Dicotyles torquatus.

29. 30. Sus sd'ofa.

33. Baloinopterarostrata.

34, 40, 42. Homo.
35, 41. Troglodytes niger.

36. Hapale jacchus.
37. Stenops.

38, 39. Lemur nigrifrons.
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LETTERING OF FIGURES.

The Roman numerals ii. to xii., in figures 2 and 3, are the Cranial

nerves from the optic to the hypoglossal.
„ , ^ , ,

The Arabic numerals in figures 8 and 9 are 1, 2, 3, the first, second,

and third vertical transverse convolutions.

The Arabic numerals in figures 34, 35, 40, 41, 42, are as follows

:

1 infero-frontal, 2, mid-frontal, 3, supero-frontal, 4, ascendmg

frontal convolutions; 5, ascending parietal, 5', 5", postero-panetal

convolutions 3 6, angular convolution; 7, supero-, 8 mid-, 9, m-

fero-temporo-sphenoidal convolutions; 10, supero-, 11, mid-, ii,

infero-ocoipital convolutions; 17, marginal convolution; 18, callosal

convolution; 18', prgecuneus or quadrilateral lobule ; 19, hippocampal

convolution; 19', uncus or lobus hippocampi; 25, cuneus or occipital

lobe. In these figures also occur the following lettering : Fr, frontal

;

Par, parietal ;
Oc, occipital ; TS, temporo-sphenoidal ;

C, central lobe;

S, Sylvian fissure; R, fissure of Rolando; I. P., intra-parietal fissure;

P.O., parieto-occipital fissure; SF, IF, supero- and infero-frontal

fissures ; 0, olfactory fissure
;
TR, triradiate or intraorbital fissm-e

;
A,

supra-marginal or convolution of the parietal eminence ;
a, superior

bridging convolution; /3, second bridging convolution; calloso-

marginal or splenial fissure ; 1,1, calcarine fissure ;
7nm, hippocampal

or dentate fissure ;
nn, collateral fissure.

In the other figures the lettering is as follows : B, olfactory bulb
;

Olf, olfactory peduncle; Q, quadrilateral space: V, vallecula ov

Sylvian fossa; H and L.H., lobus hippocampi ;
ex, external, and in,

internal olfactory roots
;

r, rhinal fissure
;

h, hippocampal fissure ;
D,

gyrus dentatus ; S, Sylvian fissure
;

cr, crucial fissure
;
ps, prEC-sylvian

fissure; co, coronal fissure; ml, medilateral fissure ;
I, lateral fissure;

ss, supra-sylvian fissure
;

ssp, posterior part of supra-sylvian fissure
;

pr, posterior part of rhinal fissure
; / and fr, frontal fissures

;
ip,

intraparietal fissure; parallel fissure; ca, calcarine fissure; col

and d, collateral fissure ;
io, intraorbital fissure

;
ol, olfactory fissure

;

sp, splenial fissure
; g, genual fissure

;
ssp, suprasplenial fissure

;
ph,

postero-horizontal fissure
;
psp, postsplenial fissure ; isc and esc, inter-

nal and external supraorbital convolutions; sac and m, sagittal or

marginal convolution
;
mlc, medilateral convolution ; ss and ssc, supra-

sylvian convolution; sc and syc, Sylvian convolution; sg and s^c, sig-

moid convolution; cc, callosal convolution
;

spc, spleniar convolution

;

sspc, suprasplenial convolution; P, pituitary body or hypophysis

cerebri
;
CS, corpus striatum ;

OT, optic thalamus
;
C^, 1st cervical

nerve.
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