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TRAÎ^SLATOR'S PREFACE.

I UNDERTOOK the publication of a translation of Ecker^s

' Anatomie des Frosches ' at the suggestion of Professor A.

Gamgee while I was working under his superintendence in the

physiological laboratory of the Owens College. The work was

subsequently accepted by the Delegates of the Clarendon Press, as

one of the series of ^Foreign Biological Memoirs/ published by them.

Early in the progress of the work it became evident that a mere

translation would be unsatisfactory, and that it would be desirable

to recast and modify several portions of the book. It was deemed

advisable to give greater completeness to the work by descriptions

of the minute structure of the several organs. For these purposes

the appearance of the work has been unavoidably delayed.

I have done my best to bring the book up to date by including

the results of recent researches, to which I have added many facts

derived from my own personal investigations. All such additions

are enclosed within square brackets
[ ]. More than a hundred

new figures, of which one-third are original, have been added ; and

copious, though it is feared still incomplete, lists of references to

frog-literature have been drawn up. By these additions the size

of the book has been considerably increased.

In the several sections into which the book is divided the following

points may be more particularly noticed :

—

Sect. I. The Bones and Joints. The nomenclature of Parker

and Bettany has been adopted throughout.

Sect. II. The Muscles. This section remains in its original form.

Sect. III. The Nervous System. The chapters on the central
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nervous system and the sympathetic system have been re-

written. The description of the arteries of the brain is

entirely new, while the chapters on cranial and spinal nerves

have received many smaller additions, and have been re-

arranged to facilitate reference.

Sect. IV. The Vascular System. The chapter on the heart is

practically new, and many additions and alterations have

been made in the descriptions of the blood-vessels and

lymphatics.

Sect. V. The Alimentary Canal, with its appendages, the Spleen

and the Peritoneum. In this section much new material has

been added : the descriptions of the blood-vessels of the liver,

the ducts of the liver and pancreas, etc., being the results of

original investigation.

Sect. VI. The Respiratory Organs, the Thymus and Thyroid

Glands. These organs have been carefully studied and

numerous new details are noted. The lymphatic glands of

the hyoid region have, after some hesitation, been designated

tonsils.

Sect. VII. The Urino-Genital Organs. A very large number

of preparations have been made to investigate the vessels and

uriniferous tubes of the kidneys ; and the descriptions of

the remaining organs of this section have received large

additions from recent publications.

Sect. VIII. The Skin and the Sense-Organs. This section has,

with the exception of very small portions, been re-written and

very much enlarged.

Before concluding this preface, I must thank my friend Professor

A. Milnes Marshall, of the Owens College, for all the help and

kindness he has extended to me before and during the time this

work has been in hand ; to him I am indebted not alone for the

loan of books, pamphlets, etc., and for much useful information,

but also for the care and patience with which he has read and

corrected the whole of the proof-sheets.

To Professor G. Lunge, of Ziirich, I am indebted for the use of

the library of the Gesellschaft der Naturforscher of Zurich ; and
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to my friend Mr. C. Herbert Hurst, of the Oweus Colleg-ej for the

drawings for figures 132, 133, 134, and 136; also to Dr. Max
Koppen, of Strasburg, for the proof-sheets of his vakiable paper,

^ Zur Anatomie des Froschgehirns '
: to these gentlemen I beg to

express herewith my heartiest thanks. Lastly, I must express my
sense of indebtedness to the Delegates of the Clarendon Press, who

have kindly allowed me to alter the original plan of the book, and

to make extensive additions far beyond the limits originally

intended.

A second edition of the original German work is in course of

publication. The first part, on the bones and muscles, has already

appeared.

GEO. HASLAM.

ZuilICH, 1888.



PREFACE TO THE FIRST PART.

The idea of this manual on the anatomy of the frog-, of which I

now offer the first part to physiologists and to those who would

become such, occurred to me during" the preparation of the plates

for my ' Icônes Physiologicae/ I was then convinced of the

necessity of such a book. I regret that many direct and indirect

causes have hindered its earlier completion ; fortunately, however,

its appearance is still opportune, as the need for the book has not

diminished. I am conscious that the book requires a recommenda-

tion to the indulgent judgment of my fellow-workers, since almost

every one has studied the frog for one purpose or another, and

each will closely criticize in that department with which he is most

familiar. Although I shall not be able to satisfy all, still I hope

that my work may serve as a useful basis for further investigations,

and I would apply to it the words with which Sommering prefaced

his anatomy :
' Ich wiinschte ein Handbuch zu liefern und seine

Einrichtung so zu treffen, dass man kiinftig an ihm als einer Basis

nach Erforderniss leicht ândern, wegnehmen und zusetzen konnte \'

Lest more be anticipated from the book than it is intended to

supply, I would observe that I have throughout had in mind only

a descriptive anatomy of the indigenous (German) frog; a com-

parative anatomy of Batrachians was as foreign to my intention as

were developmental or histological questions : hence morphological

details must not be expected. Any hope of formulating a systematic

nomenclature of the muscles has been abandoned; as neither one

based upon their mode of action, of which we know so little, nor

one based upon their origins and insertions, as demonstrated by

the unpronounceable names of Chaussier and Dugès, is really

practicable. I have therefore preferred to avail myself, as far as

possible, of the received names, which have been chosen partly

1 ' I wished to furnish a manual so arranged that it might serve as a basis easily

altered, pruned, or enlarged as the future might need.'
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according- to mode of action, partly according- to origin and

insertion, and partly according to position and form ; while in the

choice of new names I have given preference to the simplest.

The figures are, with few exceptions, original, and drawn by

myself. Their careful execution in woodcut has added a very

necessary neatness to that correctness, which alone I claim as mine.

ALEXANDER ECKER.

ï'rbiburg,

February, 1864.

PREFACE TO THE SECOND PART.

Sixteen years have elapsed since the first portion of this

anatomy of the frog appeared ; this second portion, therefore,

requires a somewhat apologetic introduction.

The nervous and vascular systems have, in substance, been

known for some years ; still, certain points required a thorough

revision : this seemed especially necessary with regard to the cranial

nerves. In consequence of my anthropological investigations, and

particularly through undertaking the editorship of the 'Archiv fiir

Anthropologie,'' my attention was drawn into another channel, and

I found it impossible to work out this chapter : consequently the

whole was deferred, and would have been still longer delayed had I

not received assistance.

At my request Professor Wiedersheim undertook to investigate

afresh the cranial nerves, the brain, the spinal cord, and the sympa-

thetic system ; and the descriptions of these parts are the result of

his work alone. I regard it as most advantageous to this second

part that so experienced an investigator in the anatomy of Amphibia

should have given me his help.

The remaining portions appear almost unaltered as written

several years ago ; and the majority of the illustrations date from
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the same period. I had neither the time nor the zeal necessary to

re-examine the whole; besides, it is doubtful whether eyes some

twenty years older would improve matters.

This somewhat neg-lected book is therefore commended to the in-

dulgence of my fellow-workers, with the hope that it may at least

form a basis upon which further work may easily be done ; to proffer

more than this, as I stated, with a quotation from Sommering-,

in the preface to the first part, I have never even hoped.

The final part of the work, on the viscera and sense-organs, has

been undertaken by Professor Wiedersheim, and will appear in the

Spring- of 1882.

ALEXANDER ECKER.
Feeibukg,

August. 188 1.
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INTRODUCTION.

There is no occasion^ now-a-days, to offer a leng-theiied apolog-y

for devoting a treatise solely to the anatomy of the frog-, which enjoys

the doubtful honour of being-, kot è^oxvi', the physiological domes-

tic animal. It is kept in every physiological laboratory, and is daily

sacrificed in numbers upon the altar of science. The physiolog-ist

has recourse to it, not only to obtain answers to new questions, but

for the sake of demonstrating easily and quickly the most im-

portant known facts of the science. These iTulucky batrachians are

to be had in any number, and are specially adajited for experimental

investigation : they have consequently fallen under a harsher tyrant

than the stork in the fable, and their prophetic outcry in the

frog-chorus of Aristophanes, betva TïeicrôixeaOa, has been literally

fulfilled.

As the history of the most important physiological discoveries is

closely related with the employment of the frog in physiological

research, it will not be without interest to review briefly the

history of its use in scientific, especially in physiological, investi-

gations, and to record the services which it has already rendered

to science. Swammerdam (1637-1685), as du Bois-Reymond justly

remarks, was the first to make known the frog as an important

means of research ; he says concerning it :
—

' An den Thieren, die

das heisseste Blut haben, ist die Bewegung* der Muskeln nicht so

merklich oder halt vielmehr nicht so lange an, als an Thieren die

mit kalterem Blute begabt sind. Dergleichen sind die Fische und

viele andere Wasserthiere, wie aucli solche, die so wohl im Wasser als

auf dem trocknen Lande leben konnen. Deswegen habe ich inson-

derheit mit dem Frosch meine Versuche angestellt. Denn an diesem

Thiere sind die Sehnen sehr sichtbar und lassen sich leieht entdecken
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iind entblossen^/ Swammerdam made the earliest experiments on

the contraction of muscle by means of chemical and mechanical

stimulation of its nerves; thus laying- the basis of our present

nerve and muscle physiology^ which has been built up within rather

less than two hundred years ; thoug-h during the first half of this

period but little advance was made.

From the famous September evening of the year 1786^ on which

Galvani first observed the twitchings of a frog^s leg suspended by a

metallic hook to an iron balcony, the frog has, down to the present

time, afforded almost the only material for the investigation of the

excitability of nerve and its associated electromotive changes, and also

no inconsiderable part of the remaining nerve and muscle physiology.

It was not until Mûller devised the method of operating on the

frog that BelFs law became capable of easy proof ; and much of

our knowledge of the functions of the spinal cord is derived from

experiment upon it. Again, the muscles of frogs served, from the

time of Swammerdam to that of Eduard Weber and his followers,

for the investigation of the phenomena and the conditions of con-

traction ; and in almost all other branches of physiology there are

important doctrines which were first definitely established by experi-

ment upon the frog. But for the web of the foot of this animal (and

the gills and tail of its tadpole, in which Leeuwenhoek ^ describes

the phenomena most clearly) we shovdd not, perhaps for a long

time, have arrived at a satisfactory knowledge of the existence

and the conditions of the capillary circulation. As is well known,

an accurate acquaintance with the constituents of the blood directly

concerned in nutrition has been obtained by observation on the

frog, as well as important facts in the physiology of the blood and

lymph, such as the intimate knowledge of the corpuscles of both

fluids, and the coagulability of the plasma ; while in no less degree

have experiments on these animals served to establish the laws of

"the hearths action. Moreover, physiology is not the only science

indebted to the frog : in histology many important results have

been obtained from observations on it, and for histological in-

struction it is now indispensable. To it we owe much of our

' ' In animals witli warm blood the action of the muscles is neither so apparent

nor so long continued as in those animals which have cold blood, such as fishes and

many other aquatic animals, and those also which live both in water and on dry-

land. On this account I have made my investigations chiefly on frogs, for in them

the nerves are very distinct, and are easily found and exposed.' Buch der Natur,

Leipzig, 1752, p. 330.
'^ Leeuwenhoek, Arcana Naturre III, epist. 65 ad Reg. Soc. Lond., p. 15S.
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knowledge of the structure of nerve fibres, their origin and termina-

tioUj especially in muscle, their relations within the gang'lia, and

even the structure of muscular fibre itself. For the study of

rej)roduction and develoj^ment the frog has, next to the chick,

afforded the most important material : one need but refer to the

investigations on impregnation from the time of Spallanzani to

that of Newport', the phenomena of cleavage, and many others.

Thus with progress of time the field in which the frog has been

submitted to observation and experiment, whether for the demon-

stration of established facts to students or for the solving of new
problems, has vastly increased, and this batrachian has indeed be-

come, as we have stated, the physiologist's domestic animal.

That, for these manifold uses, a more exact anatomical know-

ledge of the frog is very necessary is self-evident. The majority of

students commencing the study of physiology have little more than

a superficial knowledge of the sciatic nerve and the leg-muscles ; at

most, of the spinal cord and its nerve-roots ; and only acquire any

further knowledge in a disconnected manner. For this they can

scarcely be reproached, the literature of the anatomy of the frog

being so widely scattered in monographs and journals that reference

to it involves the expenditure of much time. This attempt, there-

fore, to produce a complete anatomy of the frog, based throughout

upon my own observations, cannot be considered superfluous ; it is

rather to be feared it may be thought insufficient.

The European frogs ^ alone are treated of in the following

description, i.e. the two species, Hana esculenta, L., and H. tempo-

raria, L., the former being more particularly described, though

such differences in structure as occur are noted. This is not

the place to discuss the exact systematic characters of the two

species, yet they cannot be ignored entirely. The species were,

from their habitats, long ago distinguished by C. Gessner^, and

named Bana rubeta, s. gibhom, the garden or grass-frog, and liana

aqtiatica, s. innoxia, the water-frog ; at least, from his figure, the

former can be no other than R. temporana, though Gessner,

* It may be well to remind the reader that this introduction was written in 1864.

^ For purposes of comparison other than European frogs were examined, especially

American species of Mana, for which I am indebted to the kindness of my much
.

esteemed friend Agassiz. These were Mana Cate.<hyana, Shaw (2?. mugiens, Catesby

—

i2. p?jj7e;(S, Harlan) ; E. si/lvatka, Leconte; Ji. clamitaits, Daudin ; R. pahtstris,

Leconte ; It. halecina, Leconte. To these, however, no further reference will be made

in the text.

' C. Gessner, Thieibach. Ziirich. Fol., p. 157.

B 2
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probably expecting to find in it the rubeta of older writers^ adds

that it ' ist fur giftig- zu halten/

Leeiiwenhoek ^ also correctly distinguished between them, but it

is to RoseF that we are chiefly indebted for a careful discrimination

and an accurate knowledge of the life-histories of the two species.

Fig. I.

The green water-frog, Rana esculenta L.

Rana esculenta, L. The green water-frog, Fig. i, usually attains

a larger size ^ and is more active than the other species, and for this

* Leeuwenhoek, Arcana Naturse.Vol. Ill of Ecker's edition. Leyden, 1722. Epist . 65

ad Reg. See. Lond., p. 154.
^ Eosel, Naturgeschichte der Frosclie Deutsclilands, ed. Schreber. Niirnberg, 1815,

p. 36.

^ The extreme sizes are much more pronounced in this species. I have never found

R. temporaria of the size attained by large specimens of the water-frog.
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reason is better adapted to the purposes of the physiolog-ist ; hence

I have chosen it for descrij)tion.

The head is flat, as broad' as it is ' long'^ and triang-ular with an
obtuse snout in front. The upper surface of the head, i e. the

space between the eyes, is slightly concave, grooved, and narrower

than in E. temporaria. The tympanic membrane is circular, and
relatively to the eye is larger. The upper eyelids have several trans-

verse folds in their hinder part. The pujsil is oval, with the long

axis horizontal. The vomerine teeth are arrang-ed in two clusters,

which are relatively larger than in 11. temporaria and lie exactly

between the posterior nares, without however touching them.

The openings of the Eustachian tubes do not exceed in size the

posterior nares to so great an extent as they do in R. temporaria.

The male possesses a vocal sac on either side, which reaches the sur-

face beneath the tympanic membrane through a cleft placed behind

the angle of the mouth, and is, in well-developed specimens, about

the size of a cherry. The hind limbs are relatively longer. The
toes are long, and taper towards their tips : the webs between the

toes are cut out semicircularly, and that of the longest or fourth

toe is continued to the tip of the last phalanx. The supj)lemental

toe is an oval prominence of cartilaginous hardness. The skin

of the back has wart-like tubercles arranged long-itudinally in

raised lines; one of these lines runs on each side from the posterior

canthus as far as the thigh, and is very constant : in the male

a second line surrounds the posterior margin of the vocal sac
;

a corresponding line exists in the female.

The skin of the belly is quite smooth, the colour i)resentiug-

many variations which appear to depend upon very diverse circum-

stances. It varies with changes in the physiological condition of the

animal. Von Wittich ^ has shown that a bright green specimen

changes to a dark leafy green colour on exclusion of light; also, that

dark specimens become almost a lemon-yellow colour on exposure to

bright sunlight; and he has pointed out that this brightening of

the skin is an active condition dependent upon contraction of the

stellate pigment-cells. It is therefore not surprising, as the same
inquirer observes, that one should sometimes find specimens of

R. esculenta in which the ground colour is almost a greenish yellow

(as in RoseFs figure, PI. XIII), whilst in others it can only be

distinguished from the dorsal black patches by a faint greenish

* Vou Wittich, Miiller's Archiv, 1854, p. 41.
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shade. There is no doubt that difference of habitat influences the

colour; but this may again be modified by light ^^ as has been

established in the case of fish by direct observation-. Apparent

varieties may thus occur.

In frog-tanks such diversities of colour may not unfrequently be

observed in the same individual^ as for example when the lower part

of the body immersed in muddy water is dark, while the part above

the water is bright. That the process of casting the skin exercises

an influence on the brightness of the colouring is certain, yet there

are, as von Wittich has correctly remarked, other alterations of

colour which are in no way connected with this process, and are

evidently more of a pathological nature ; such as when the frog

assumes a dirty green spotted appearance, the green fading more

and more, until all the patches which are usually green appear

of a dirty greyish-brown with a faint bronze shimmer. According

to this author these changes are most readily brought about by

starvation. The dark colour which frogs exhibit after hibernation

is perhaps to be ascribed to the co-operation of several of the causes

mentioned above.

The usual colouring of healthy animals is as follows : the back

is bright green with three golden yellow longitudinal stripes, one

median and two lateral, and a number of irregular brown or black

stripes of approximately miiform width : on the head are a pair of

black stripes which pass from the angles of the eyes across the nares

to the tip of the nose ; now and then the tympanic membrane and

surrounding parts have also a black patch, as in B. iemporana :

another black stripe is found on the anterior surface of the arm, in

the region of the shoulder : and on the thighs are black, yellow, and

white mottlings. The whole of the under-surface is white or

yellowish. At times the yellow stripes of the back are wantmg or

are indistinct. It has already been mentioned that many varieties

may occiir ; and these have in all probability given rise to the de-

scriptions of reputed new species, such as R. maritima, Risso, found

in South Europe ; R. alpina, Risso, found in the high-lying Alpine

lakes ; R. hispanica of Fitzinger and Bonaparte, and R. calcarata of

Michahelles, the last three of which certainly cannot be retained. It

' Lister, On the Cutaneous Pigmentary System of the Frog. Phil. Trans., 1857,

p. 627.
^ Agaosiz et Vogt, Histoire naturelle des poissons d'eau douce (Neuchatel, 1839),

PI. IV, mention that the colour of trout is very variable and that in shaded and

deep-lying brooks and rivers a variety is found which is black.
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is not improbable that the water-frog, which Spallanzani ^ used in

his experiments on impregnation, was the B. marithna of Risso. He
says, one must not confound his frog with that which Rosel calls the

green water-frog ; the former being much smaller, without the three

dorsal golden-yellow stripes, and the spawning season (in Lom-
bardy) occurring during April and May. Rusconi^ also describes

two varieties in Northern Italy.

Bana temporaria, L., the brown or grass-frog, is so named from

the large black patch in the temporal region, i. e. between the eye

and the shoulder. While the separation of the preceding species

into several varieties does not seem to be well founded, it apj)ears

that two distinct species have been included under the name of

B. temporana. Millet of Angers ^ first described, in his Fauna du

département de Maine-et-Loire, as 'grenouille rousse,^ a species

differing from B. temporana, and gave the species previously known
as B. iemj)oraria the name of B. JJavivenfris, ''grenouille à ventre

jaune.^ No fm-ther notice, however, was taken of this observation,

not even by Dumeril and Bibron in their ' Erpétologie.'' Quite inde-

pendently Steenstrup *, in the year 1 846, pointed out that two frogs,

differing in structure and habits, had been confounded under the

name B. temporaria; these he distinguished as B. plati/rhitms and

B. oxt/rJrhms. Von Siebold^, and also Schiff^ in part, have confirmed

these statements. My own observations lead me to a like conclu-

sion; I shall therefore distinguish two species, viz.:— (i) Bana

temporar'ia, L., Bana platyrhlnus, Steenstrup; (2) Bana oxijrhinus,

Steenstrup.

Hana temporaria, L.; Biana platyrh'mus, Steenstrup. The brown

grass-frog. Fig. 2, does not attain tlie dimensions of B. esculenta, L.,

but is, however, always larger than B. oxyrliinus. The head is

somewhat broader than long, and the upper surface of the skull

is not grooved, as in B. esculenta, but is flat. The s^^qq between

the eyes is wider (according to Dumeril, equal to the width of the

upper eyelid, whereas in B. esculenta it is just two-thirds this

' Spallanzani, Versuche iiber Erzeugung der Thiere imd Pflanzen. Leipzig, 17S6,

P-5-
^ Rusconi, Developp. de la Grenouille. Milan, 1826, p. 6.

^ Annales des Sciences naturelles. Zoologie, IV Série, Vol. IV, 1855, p. 368.

* Amtl. Bericht liber die 24. Versammlung deutscher Naturforscher in Kiel, 1846,

p. 141 ; Wiegmann's Archiv, 1847, Vol. II, p. 341 ; Steenstrup, Oversigt K. Danske

Selsk. Forhandlgr., 1846, p. 92.

^ Wiegmann's Archiv, 1S52, Vol. I, p. 14.

* Annales des Sciences naturelles. Zoologie, IV Série, Vol. IV, 1885, p. 36S.



8 INTRODUCTION.

width) : the t'ronto-parietal bones are wide and Hat. The tympanic

membrane, in comparison with the eye, is smaller than in R. escalenta,

and is usually less distingvushable from the surrounding- parts as

reg-ards colovir and transparency. The apertures of the Eustachian

tubes are, relatively to the posterior nares, larger than in the water-

frog*. The vomerine teeth are comparatively small and lie in two

groups placed obliquely to each other, their anterior ends diverging

from each other and being prolonged as ridges to the anterior

margins of the posterior nares. The two groups do not lie between

Fio-. 2.

Mm

The brown grass-frog, liana temporaria, L.

the nasal apertures, but behind a line drawn transversely through

their posterior margins. Vocal sacs arc absent in both sexes.

The hind legs are relatively shorter : the toes are not so evenly

tapered off, indeed they are slightly swollen : the fourth toe,

as compared with the third and fifth, is somewhat longer than in

R. escidenta ; the web of this toe does not extend to the tip of the

toe, but terminates in both sexes at the last phalanx but one ; the

web on the third toe is less developed on the thumb side than

on the other : on the remainiuir toes also the margins of the web
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are less developed than in 7i'. escalenta, so that the free borders

appear more crescentic. The supplemental toe forms only a

soft and inconspicuous prominence. The back is mostly smooth;

the raised glandular ridge, which extends along each side from

the eye to the thigh, is present, but is much narrower and less

prominent than in li. esculenta ; another ridge passes from the

angle of the mouth to the shoulder. The colouring in general, and

especially the grou^nd colour of the dorsal surface, varies from the

brightest tints to the darkest brown-black ; the conditions causing

these variations being, no doubt, the same as those described above

in li. esctdeufa. A dark-brown specimen taken from a dark frog-

tank is usually yellowish red on the following day. The black

patch between the angle of the mouth and the shoulder has

given this species the name of B. temporana, and is constant. A
black stripe passes from the eye across the nostril to the tip of

the snout, and a similar one is found upon the anterior surface

of the upper arm. On the hind legs the bands are chiefly trans-

verse. The ventral surface is yellowish, and sometimes spotted.

The thighs have a granvilar appearance, and these as well as the

belly and the neighbourhood of the anus have frequently a reddish

coloration presenting the appearance of an irritated surface.

B.ana oxyrhinus, Steenstrup. This species is always smaller and

more elegant in shape than the preceding one. The head is conical,

with the pointed snout projecting beyond the lower jaw ; a feature

which is especially evident on looking from below. The space be-

tween the eyes is narrower than in U. temporaria, and is not

grooved, but convex; the fronto-parietal bones are narrow and

arched. With respect to the arrangement of the vomerine teeth

and the sizes of the apertures of the Eustachian tubes, this species

holds an intermediate position between the other two. Next to

the pointed snout, the greatest difference between this species and

B. temjiorana is the presence of a much larger supplemental toe,

which is of cartilaginous hardness, compressed from side to side,

and contains a larger bone ^. The vocal sacs are absent. In the

males the web of the longest toe reaches to the last phalanx but

one ; in the females, on the contrary, the last three phalanges pro-

ject freely beyond the web. The extremities of the toes are more

pointed than in B. iew.porarla , in which respect, as also in several

' According to Steenstrup, I. c, the size of the supplemental toe is in R. temporaria

one-half and in R. oxyrhinus two-thirds of that of the next toe.
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others^ it approaches li. esculenta. In colouring, li. oxp'hinus re-

sembles U. temporaria ; the throat, however, is usually pure white,

at least in the males, the breast dusky white and spotted, while in

R. temporaria the throat and breast are more uniformly coloured

and yellowish. V. Siebold has remarked that, during- the pairing-

season, the males are covered with a bluish bloom ^
; and, the

whole ground colour being bright at this period, very beautiful

tints result. V. Siebold ^ moreover states that the note which the

males produce during the pairing-season is different in the two

species. On the whole, li. oxyrliiniis appears to stand midway

between H. esculenta and H. temporaria.

Thomas^, in addition, distinguishes another species, B. agilis,

which however may be the ^grenouille rousse^ of Millet, Schlott-

hauber"* has described a frog which, in marking and colouring, might

hold a middle place between R. esculenta and R. temporaria ; in my
opinion this is probably a cross between the two. That attempts at

copulation are made, despite the difference of the pairing-season, is

well known ; Pontallié^ mentions this, and I have myself often found

males of R. temporaria in conjmiction with females of R. esculenta.

1 use the following terminology. I suppose the animal to be in

its natural position, the belly towards the gromid, the back up-

wards; a horizontal plane passing from the snout to the anus

divides the body into a superior or dorsal half and an inferior or

ventral half. The terms superior and inferior, dorsal and ventral,

indicate positions with relation to this plane. I call that part

anterior which looks towards the head, and that posterior which

looks towards the anus. A vertical plane at right angles to the

middle of the longitudinal axis of the body, divides it into an

anterior or cephalic and a posterior or caudal half. All sections

and planes which lie parallel to this, as well as this itself, are frontal.

Lastly, by a perpendicular section along the middle line of the body

the animal is divided into right and left halves; this plane is the

median plane ; and the position relative to this plane is expressed

by the terms median or lateral. Planes parallel to the median plane

are termed sagittal.

' I do not find, however, that this disappears when the animals ai'e on land ; in

fact I have animals before me in a glass in which it is plainly seen.

2 Z.c, p. 15-

^ Annales des Sciences naturelles. Zoologie, IV Série, Vol. IV, 1855.
'' Wiegmann's Archiv, Vol. I, 1844, p. 255.
' Annales des Sciences naturelles. Zoologie, III Série, Vol. XVIII, 1852, p. 243.
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The consideration of the differences in form, number, and histo-

logical structure, which the parts of the skeleton present during-

the various stages of development does not fall within the scope of

this book : we have here but to deal with the adult frog.

The skeleton is made up of histologically different materials
;

these are:—(i) bone, (2) hyaline cartilage, and (3) so-called cal-

cified cartilage. Concerning the last it is necessary to make
some observations. I have chosen for it the name calcified car-

tilage in place of the more usual names 'cartilaginous bone^ or

'primordial ossification,^ as by this term its nature appears to

be expressed without any ambiguity ^
: it is hyaline cartilage

in which calcareous particles have been deposited to a greater or

less extent : in the fresh state it has the appearance of moderately

firm cartilage ; when dry it becomes opaque and white, like the

calcareous crusts on the cartilages of the Plagiostomata. The cal-

careous material is deposited in the cartilage in finer or coarser

granules ; after removal of the lime by means of acids, the cartila-

ginous structure becomes apparent although not so perfectly as in

unchanged cartilage.

This calcified cartilage is widely distributed in the frog^s skeleton :

very many parts, which in higher animals consist only temporarily

of this substance during the transition from cartilage to bone, are in

the frog formed of it throughout life. It is especially well-marked

in the epiphyses of the long bones in the hand and foot, in the

bones of the shoulder-girdle, etc. To avoid repetition later on I will

briefly describe it as found in the first-mentioned situation. Dugès '^

has described its external appearance, while Bruch^ has made us

^ Compare Miiller, Zeit. f. wissen. Zoolog., Vol. IX.
^ Dugès, Recherches sur l'ostéologie et la myologie des batraciens à leurs différents

âges, p. 116.

^ Bruch, Beitriige zur Entwicklungsgeschichte des Knochensystems. Schweiz.

Denkschriften, p. 11 S.
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acquainted with its histolog-ical peculiarities. I£ a long bone of the

frog be dried, the femur for example, the middle part is foimd to

differ considerably from the epi-

physes in colour and in other par-

ticulars. The shaft alone has the

appearance of bone, the epiphysis

consisting of a white, opaque, firm

substance, I'esembling plaster of

Paris or lime, but which iff the

fresh moist state is exactl}" like

cartilage. The epiphyses, which

are fitted to the ends of the dia-

physis like the cap of a stick-

handle, have sharply defined mar-

gins (Fig. 3), as is well seen in

I'igs. ofi, 39, 45, and 46. If a sec-

tion be made through the epiphysis

and part of the diaphysis, the long

tube of tnie bone is seen to cease

abruptly above 0, Fig. 3, and over

the end of it the epiphysis E is

fixed. This epiphysis consists al-

most entirely of calcified cartilage

c , and has merely a superficial

layer of hyaline cartilage A. The

bony cylinder of the diaphysis 0, which contains the marrow M in

its interior, is shut off from the epiphysis by hyaline cartilage, the

cells of which are arrano-ed in transverse lavers, o.

Longitudinal section through the upper ex-

tremity of the femur of Rana efculfiita,

magnified.

A Hyaline cartOage (articular cartilage).

c Hyahne cartUage closing end of bony
cylinder.

<•' Calcified cartilage of epiphysis.

D Bony cylinder of diajJiysis.

E Epijjhysis.

M Marrow cavity.

o End of diaphysLs.

I. THE VERTEBRAL COLUMN.

The verlehral column of the frog consists of ten bones, riz. nine

tnie vertebrae, and the rod-shaped urostyle, which alone is almost as

long as all the remaining vertebrae.

I. General Descriptiox of the xixe Vertebrae.

a. The ladies of the vertebrae are compressed from above do\ATi-

wards ; the posterior siarface of each body, with the exception of
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the eig'htli, presents an articular head covered with cartilage ; the

anterior surfaces, with the exception of the ninth, present corre-

sponding articular depressions, covered with cartilage.

b. The arclies, which have some- ^'S- 4-

what sharp margins both before and
vivT^ii

behind, bear the following pro-

cesses :

—

1. The articular processes (Figs.

4 and ^ oo) are similarly placed

to those of the dorsal vertebrae of

man: they project horizontally, the

cartilaginous articular surfaces on

the posterior processes being directed

downwards, those on the anterior

upwards.

2. The transverse processes

(Figs. 4 and 5 t t') are strong. Hat,

and of very varying size and direction

.

The transverse processes of the fourth

vertebra are the longest, those of the

third only a little shorter; the shortest

are those of the seventh and eighth.

The atlas has no transverse pro-

cesses. Those of the second and third

vertebrae project directly outwards

and slightly downwards; those of

the fourth, fifth, and sixth upwards

and backwards. The seventh and

eighth project more dii'eetly outwards

and at the same time backwards
;

the ninth upwards and markedly

backwards. All the transverse pro-

cesses have cartilaginous epiphyses
;

the largest are those of the second,

third, fourth, and ninth vertebrae.

3. The spinous processes are

generally small, but individually of

varying size, appearance, and direc-

tion. The longest are those of the third, fourth, and fifth vertebrae
;

these are, in transverse section, of a thi'ee-sided prismatic form, as

c

Vertebrae of Rana esciiloitci, seen from
below, twice the natural size.

I to g First to ninth verte brse.

c Urostyle.

o Articular processes.

sc Tlie two facets for articulation with the

urostyle.



18 THE BONES AND JOINTS.

Fi-.

in the dorsal vertebrae of man ; they are directed backwards and

provided with cartilaginous epiphyses. The spinous processes of the

sixth and seventh are shorter^ compressed from side to side^ project

directly upwards^ and are usually

without cartilaginous epiphyses ;

that of the eighth is still shorter. As
regards the spinous processes, those of

the third, fourth, and fifth vertebrae

resemble those of the dorsal vertebrae

in man; those of the sixth, seventh,

and eighth, lumbar vertebrae. The

ninth has either no spinous process or

only a rudimentary one. The first and

second vertebrae may be looked upon

as cervical vertebrae : the second has

a short spinous process with a car-

tilaginous epiphysis. In the first, the

cartilage which unites the two halves

of the arch represents the rudiment

of a spinous process.

II. Description op Particulae,

Vertebrae.

1. The atlas or first vertebra has

a thin body, compressed from above

downwards, and an arch. The body

has posteriorly a slightly raised, car-

tilaginous, articular head, which is

broader transversely : in front it has

two oval articular facets, which are

separatedfrom each other by a median

projection. Each facet is concave,

and directed forwards, outwards, and

slightly upwards. The arch is com-

pleted above by cartilage, which pro-

jects slightly toform the rudiment ofa

spinous process. The hinder margin of

the arch bears two articular processes.

Transverse processes are wanting.

2, The second vertebra presents all the general characters of an

Vertebral column of Hana esculenta, from

above, twice nat. size,

I to 9 First to ninth vertebrae.

c Urostyle.

o Articular processes.

sc Facets for articulation wath the urostyle.

t t' Transverse i^rocesses.
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ordinary vertebra, except that the transverse processes are directed

somewhat downwards.

3. The transverse processes of the third vertebra are longer than

those of the second : each is directed do^v^lwards, is broader at its

extremity than at its base, and bears a hammer-shaped cartilaginous

epiphysis larger than those of the remaining transverse processes.

4. The transverse processes of the fourth vertebra are the

longest : each is broader at its free end than at its base, is

directed upwards and backwards, and provided with a cartilaginous

epiphysis,

5. 6, 7. The transverse processes of the fifth, sixth, and seventh

vertebrae are smaller, contracted towards their free extremities, and

directed upwards.

8. The eighth vertebra is distinguished from the rest by its

body possessing no articular head. It presents, at each end, a con-

cave articular depression. The transverse processes resemble those

of the seventh.

9. The ninth vertebra unites the vertebral column with the hip-

bones, and is hence to be regarded as a sacrum. The body bears

on its anterior surface an articular head for articulation Avith the

eighth vertebra : on its posterior surface are two small rounded

and closely approximated processes (Figs. 4 and 5 sc) for articulation

with the urostyle. The transverse processes are strong, broader at

the free ends than at their origin, directed upwards and backwards,

and provided with cartilaginous epiphyses.

III. Articulations of the Vertebrae,

The articular heads and depressions of the vertebral bodies,

together with the joint surfaces of the articular processes, are

covered with hyaline cartilage. The periosteum of the bodies, as

also that of the articular processes, forms true capsular joint liga-

ments. The articulations of the vertebrae are still further strength-

ened by longitudinal fibres, which extend along the anterior and

posterior surfaces of the vertebrae, and correspond to the Jigamenhvm

vertébrale comimme ant'icum et posticum of man. Between the

vertebral arches are membranes which represent the ligamenta

intercniraUa. Between the spinous processes are bands of connective

tissue which form ligamenta interspinalia, (For the articulation of

the atlas with the occiput, see page 24.)

c 2
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Fisr. 6.

IV. Stuuctuee of the Vertebrae ^ (Fig-s. 6 and 7).

Each vertebral body consists of a cylinder of compact bone, which

is directly continued into the bony substance of the arch. In the

interior of the cylinder is found an isolated persistent vestige of the

chorda dorsalis (CIi): this is surrounded by cancellous bone [c), which

extends backwards towards the articular head and forwards directly

into the articular cartilage, compact bone being- absent in these

parts. In a transverse section of a ver-

tebral body the following parts are seen

(Fig". 6) :—a. An outer layer of compact

bone [0) (the transverse section of the

above-mentioned cylinder), which is formed

of parallel lamellae of varying thickness.

These, according* to Geg-enbaur, and as I

can confirm, are arrang-ed in well-defined

groups, each of five to eight lamellae.

The number of the secondary lamellae

increases with the age of the animal.

b. In the interior, in the form of a cylin-

der, is the remnant of the chorda dorsalis.

It consists of a double sheath {Ch') and

contents (C//-) composed of chorda-cells.

c. Immediately around the persistent por-

tion of the chorda lies the central part of the

vertebral body, formed by transformation

of the vertebral cartilag-e and of the bases

of the orig-inal cartilaginous arches. At
each side of the chorda are large marrow-

spaces (f), filled with cells, from which

proceed narrower canals, winding in various

Longitudinal section tiirougii the directions, and auastomosiug freely with
posterior lialf of the body of a , ^ l^ ^ c ^ ^ ^ • i rm
vertebra of Rami cscuienta. ouc anothcr Doth Dciore and behmo.. 1 heir

a Cartilage of the head. walls are Constituted partly of true bone,
c Cancellous bone.

.

o Shell of compact bone. partly of Cartilage.

Transvei-se section through a ver-

tebra of Rana esculcnta, magni-
fied.

c Cancellous bone.

Ch Chorda dorealis.

Ch' Sheath of chorda dorsaHs.

o Compact bone on the upper
and lower surfaces of the
body. ^

Fig. 7.

' Cf. Gegenbaur, (i) Uber Bau u. Entwickluiig der Wirbelsiiule bei Amphibien
iiberhaupt u. beim Frosch insbesondere. Abband. d. Naturforsch. Gesell. zu Halle,

vol. vi, 1 86 1 ; (2) Untersuch. zur vergleich. Anat. d. Wirbelsiiule bei Amphibien
u. Rept., Leipzig, 1862. As regards the adult animal I can bear out Gegenbaur's

observations. The scope and limits of this book forbid me to go further into the

developmental history.
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Fig. S.

Urostyle of Raiia

escuknta, seen

from the side,

twice nat. size.

c Ventral border.

C.V. Canal, verte-

braUs.

s Dorsal ridge

(pr. «ijinos. ).

V. The UiiosTYLE (Figs. 8 and 9).

The urostyle is a long*, median, rod-like bone, which projects back-

wards, midway between the two hip-bones, and terminates over the

anus. The anterior end (Fig. H a) is the thicker and broader part

of the bone, and has two articular depressions (Fig. 9) for articula-

tion with the two facets of the ninth vei-tebra. The hinder end

is pointed and cylindrical, and terminates in a cartilage, which

is fixed in the tubular end of the

bone. The middle portion is almost

cylindrical, and has a groove along the

ventral surface which gradually becomes

less marked behind. The dorsal surface

bears a ridge (Figs. 8 and 9 s), which is

high and thick in front, becomes sharper

and less prominent as it proceeds

backwards, and gradually disappears

towards the hinder third of the bone,

so that in transverse section the an-

terior two-thirds of the bone appear triangular,

with a ventral and two lateral surfaces : while the

hinder third is cylindrical. The anterior portion

of the bone contains a canal, canalis vertebralis

(Fig*. 9 C.V.), Avhich is a continuation of the verte-

bral canal, along which the hindermost spinal nerves

pass. On each side of the anterior portion of the vxostyie oî Rana

urostyle are small apertures (Fig. 8 c.c), which lead from'thé ale,

twice nat. size.

A bristle is

passed through

the canal, vert.

andoutthrongh
the canal, coc-

cyçi. of the right

%

into canals {canales coccj/fjei), which open into the

vertebral canal, and through which the coccygeal

nerves pass. In front of these openings and partly

overhanging them are small triangular projections

(Fig. 8) [jjrocessi/s transversarii) : these, however, are

not constant, and are more often found in H. escn-

lenta than in R, femporaria, in which latter species

the openings are smaller.

I Anterior ex-

tremity.

•.c Canal, coccyg.

; Dorsal ridge

(pr. spinos. ).

II. THE SKULL.

The flat form of the frog's head, as in batrachians generally,

depends upon the wide separation of the jaw-bones of the two

sides, and on the large size of the orbital cavities and the horizontal
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direction of their floors. The outer circumference of the head

forms a parabolic frame (Figs. lo and ii), composed of the

maxillary (vi), premaxillary (?'), and quadratojugal bones (J). In the

middle of this curved framework lies the elongated prismatic

cranium. Anteriorly, this is attached to the fore-part of the frame

by means of the cartilaginous skeleton of the organs of smell

(Fig. ii/); posteriorly, it widens out into two transverse arms [p),

which contain the organs of hearing. From this base, on either

side, a bony strut, composed of the posterior arms of the squamosal

(f) and of the pterygoid bones, passes backwards to the hinder end

Skull of Eana csculenta, seen from above.
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A. The Cranium.

The cranium of the frog- is a prismatic tube, wide behind, narrow

in front, and formed in great part of cartilage (Figs. 15 and 17). Our
indigenous species are characteristically distinguished from one

another by peculiarities in the form of the cranium. In R. escideufa

it is long and narrow, in R. temporaria short and wide. The superior

surface in the former is markedly concave, while in the latter it is

flat, and in R. oxyrhinus arched. These differences are readily

recognised in the living animal.

The Bones of the Cranium.

1. The exoccipital bones, ossa occ'qntaUa laferalia, Cuvier

(Figs. 10, II, 12, 14, 16 0).

Cuvier, I. c, p. 387, PI. XXIV, bb.—Dugès, I. c, n. 14.—Parker and Bet-
tany, I. c, p. 166, exoccipitals.

These paired bones form the hinder part of the cranium ; they

bound theforamen magnum, and articulate with the vertebral column.

They are imbedded in the cartila- Fig. 12.

ginous matrix of the skull, and are

separated above by an unossified

part of this matrix {occipitale

superius, Dugès), which represents

the tabular portion of human
anatomy: below they are separated ^^"" ""^ ^'«"" '''.''^"''^'

^'f"
^^•'^"' ^^'^'^^'

_*' _ . . .
twice natural size.

by a similar part {occipitale basi- „ stapes.

lare, Dugès) which represents the "'„ CoiumeUa anns.
> o I r d" Bxtrastapedial.

body of the occij)ital bone. They c condyles of exoccipitals.

„ ,
• ^ h Stylo-hyoid.

therefore properly represent only „ Exoccipitals.

the condylar portions {partes con-
J, p^o^^'to which the jaw is attached.

di/loideae) of the human occipital t Squamosal.

bone. Each possesses a cartilaginous articular head, for articulation

with the first vertebra : these converge below, and surround the

lower half of the circumference of i\\eforamen magnnm. This latter

has, in R. esculenta, a transversely oval outline ; in R. temporaria, a.

somewhat heart-shaped outline, with the apex directed upwards :

in accordance with this the whole bone is wider than high in the

first species ; and in the latter it is higher than it is wide. From

the upper and outer border of the foramen magnum on each side
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a riclg-e runs obliquely outwards and downwards, in which lies

the suture between this bone and the prootic bones. This bony

ridg-e (processus, mastoideus, autt.) is usually cartilag-inous in R. escii-

lenta, even in old animals ; in B. temporaria, even in young- speci-

mens, it is bony. In the latter species the bones unite very early,

while in the former they remain separated by the primitive carti-

lage. Between this crest and the p-ocessns conchjloideiis there is a

depression [fossa condj/loidea), with a hole [foramen condf/Ioideum)

through which the vagus nerve leaves the cranium. The exoccipital

take part in the formation of the labyrinth of the ear, as will be

noticed later on.

Articulation of the ILxoccipntal Bones with tlie Atlas. Prom the

middle of the anterior surface of the body of the atlas a ligament

arises, representing to a certain extent the lig. suspjensorhim dentis,

and attached to the basal portions of the exoccipital bones.

2. The prootic bones, ossa petrosa, Cuvier (Figs. lo, ii, and

Cuvier, rocher, I.e., p. 3S8, PI. XXIV, ee.

—

Dugès, n. 12, rupéo-ptéréal.

^—Stannius, ala temporalis.— Meckel, Schiidelstiick des Schlà-

fenbeins.—Parker and Bettany, I.e., prootic.

These paired bones lie at the sides and in front of the exoccipital

bones. As already explained, they remain in B. esculenta separated

from these by cartilage, while in B. te^nporarla they early enter into

bony union with them ; this is due to the complete ossification of

\hQ pirocessns mastoideus in the latter species, as stated above. The

prootics form the lateral expansions of the posterior part of the

skull in which the organs of hearing are placed. The large cavity

which contains the ear labyrinth is completed by the exoccipital :

internally it opens freely into the skull, and extei'nally on the

posterior wall of the skull through the foramen ovale, which is

formed by both these bones. The postero-lateral part of the prootic

usually remains cartilaginous : at the side and in front of the

foramen ovale this cartilage is pierced by a small opening, through

which passes the nerviis facialis or ramus ti/mpanicus n. vagi (Volk-

mann). At the side there is a process to which the suspensorium

of the lower jaw is attached (Fig. 127;) : behind this is a hollow in

which the auditory ossicles lie, and which may be designated fossa

tjjmpanica (Fig. 12 /). The anterior border of the bone forms the
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hinder and inner walls of the

orbit. Here also is the tri-

geminal foramen (Fig", ii ;/')

through which the A^. triffem inns

and the several nerves for

the muscles of the eye pass
;

it represents the foramen ovale,

for. rohmdum, and the fissura

orbitàlis siqierior (sj^henoidal

fissure) of the human sphenoid

bone. The foramen is some-

timeSj especially in young-

animals, only a notch, which is

completed by cartilage. On
account of the relation of this

part (Fig. ii p') of the bone

to the nerves which pierce

it, the whole bone has been

named by Stannius the ala

magna or tenijwralis of the

sphenoid; it has been also

looked upon as a bone which

contains these elements, as by

Duges, who on this account

calls it rupéo-ptéréal.

Fig. 13-

Skiill of liana escuknta, seen from below,
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obtuse ang-le, the third cartilaginous piece^ the extra-

stapedial (Fig-. 13 a"). It is attached to the tympanic

membrane, and by its upper portion is fastened to the

cartilaginous tympanic ring by a smaller piece, the supra-

stapedial.

3. The tympanic ring [anmdus tympanicus) is an annular cartila-

ginous frame ; or more exactly, has the shape of a short, truncated

cone, as it narrows towards the middle line : it is attached to the

squamosal bone. (See Organ of hearing.)

(3. The parasphenoid, os splienoideum^ Cuvier (Figs. 11 and 16*).

Cuvier, I.e., p. 388, PL XXIV, d.—Dugès, n. 8.—Meckel, Theil des

Grundbeins.—Parker and Bettany, I.e., parasphenoid.

A large jwrtion of the base of the cranium is taken up by this

cruciform bone. Of the two longitudinal median processes, the

posterior is by far the shorter, and lies in front of and partly

below the cartilaginous os occijritale basilare. The anterior longer

longitudinal arm closes in the greater part of the cranium from

below, and articulates by its outer edges with that part of the

prootic bones often described as the alae magnae, and also with the

cartilage lying in front, which forms the greater part of the lateral

walls of the cranium. The anterior extremity of the bone articulates

with the palatine bones. The transverse arms lie on the under

surface of the exoccipitals and of the prootics.

The greater width of the cranium in H. temjioraiia is associated

with the greater relative width of the anterior arm of this bone.

4. The fronto-parietal bones, ossa fronto-parietàlla, Cuvier

(Figs. TO and là^fp).

Cuvier, I.e., p. 387, PI. XXIV, c.c.

—

Dugès, n. i.—Parker and Bettany,

I.e., fronto-parietal.

These are a pair of somewhat long, flat bones, which form the

principal part of the upper wall or roof of the cranium, and cover

in superiorly the cartilaginous cranium, which is here, in great

part, persistent. They are united in the middle line by the sagittal

suture
; posteriorly they articulate with the exoccipital and prootic

bones ; anteriorly with the sphenethmoid, which they overlap like

tiles. The outer margin of each bone is bent somewhat down-

wards (Fig. \6 fp), and between it and the parasphenoid there is a

space in the wall of the cranium which is closed in by cartilage and

connective tissu.e only.
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These bones are narrower in R. esculenfa, and along the sagittal

suture are depressed into a groove : where the superior surface bends

down to become lateral the edg'es are much more prominent. In

11. teiiijioraria the bones are broader and flat or even somewhat arched.

The latter condition is still more marked in R. oxyrliinus.

(5. The sphenethmoid, os etlnnouleiim (Figs. 10, 11, 14, and

Cuvier, os en ceinture, I. c, p. 3S7, PL XXIV, a.—Dugès, n. 1 5.—Rathke,

anterior or sphenoidal wing (Vortr. z. vergL Anat. d. Wirbelthiere,

Leipzig, 1862, p. 42).

—

Meckel, Eiechbein, I.e., p. 502.

—

Parker

and Bettany, I. c, ethmoid.

The long tubular cranium is completed anteriorly by a single

bone, which forms at once the roof, floor, and lateral walls. It is

consequently more or less ring-shaped, on which account it has been

named ' os en ceinture ' by Cuvier. Only the posterior portion is

annular, however : the anterior portion forms a double canal, with a

median partition, for the passage of the nerves of smell, and as these

canals are widened out anteriorly, this part of the bone helps to

complete the nasal cavities, which, however, are bounded for the

most part by cartilage, as described below. In some species of

frogs (as for example li. occellata, Rathke) this cartilage is partly

ossified.

The sphenethmoid has on each side a small bony canal, ranning

forwards and inwards, through which the ramus nasalis of the first

division of the trigeminal nerve passes.

The cartilaginous skeleton of the nose (Figs. 14 and j 6 n, %", n"

,

n""). The anterior borders of the funnel-shaped cavities of the sphen-

ethmoid pass into cartilage, which forms two capsules, separated from

each other by a median cartilaginous septum, and opening laterally.

We can distinguish, [a) a cartilaginous septum, forming a continu-

ation of the bony one
;

[fj) the floor of the nasal cavity, narrower

behind, wider in front
; (c) a roof somewhat narrower than the floor.

The floor and roof are united in front by an arched surface. From
this cartilaginous capsule various processes project, which unite it to

other portions of the facial skeleton : firstly, from the most posterior

portion of the capsule there j)asses transversely outwards a bar of

cartilage {sn), which, widening, becomes continuous with the carti-

lage {s})") forming the basis of the anterior arm of the pterygoid

bone. From the anterior angle a cartilaginous process passes out-

wards (Figs. 14, 16 u"), which is attached to a projection on the
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Fig. 14/7

anterior end of the maxillary bone ; from the same spot a horn-

shaped cartilaginous process {%', n'") cairves round backwards and

towards the middle line. This projection bounds the nasal cavity

externally, sending- off

a free process ('?'")

on the way, and ends

with a double point on

the roof of the carti-

laginous nasal cavity

{n""). On the floor of

the nasal capsule, on

either side, is a knob-

shajDcd cartilaginous

eminence, running'

from behind, forwards

and outwards; this may
be reg'arded as an in-

dication of a turbinated

bone. From the an-

terior wall there passes

into each nasal cavity

an almost horizontal,

partly ossified plate

((?.«.),ending posteriorly

in a free pointed bor-

der. These are the,

cornets of Duges (/. c,

p. 12, PI. I, Figs. I,

5), who correctly re-

garded them as tur-

binated bones. Cuvier

described them as rudi-

mentary nasal bones ^,

The alar cartilages of the nose have still to be described. They
are {a.n.) shell-shaped cartilages, hollowed out on the inner sides and

1 Cuvier (Ossem. fossil., V, 2. 388) says that these little bones are fixed outside
the nasal cavity, so that \fe may suppose that he confounded them with the
nasal cartilages found in this situation. Duges correctly indicates their position

to be inside of the nasal capsule. Meckel (Vergl. Anat. II, 504) also regards
them as nasal bones. Bruch (Wurzb. naturwiss. Zeitschrift, vol. II, 1861, p. 213)
could not find them in any frog-skull, doubtless because he did not look inside the nasal
capsules.

Cartilaginous basis of tlie skiill of Rana esculcnia, from above,

twice natural size. Cartilage shown by stippling.

Prootic.

Anteriorarm of pterygoid.

Posterior arm of ptery-

goid.

Cartilaginous cranium.

Cartilage of suspensorium.

Cartilage under the squa-

mosal.

Cartilage under the ptery-

goid.

Anterior -, „ ,,

-,. , ,, I
arm of the

Middle > ,_ ^ . I squamosal.
Posterior '

a.n
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decreasing- in width from before backwards,

attached by their anterior broader ends to

the tips of the projecting" portions of the

joremaxillary bones, and are so arranged

as to bound the lateral margins of the

nasal apertures, which they overlap.

They are movably

Fk. i;

X;v<al cai-tiliiges of frog, front

view.

(in Concha narinni.

i PreiiiaxiUary bones.

i' ^^scending process of same.

H» Upi^rjaw.
m' Lower jaw.

» Olfactory cai>*<ule.

Fis. ,6./^

6. The cartilaginous basis of the

skull, Primordial cranium (Figs. 14, 16).

a. If the fronto-parietals be removed,

(Figs. 14, 16), a cartilage (/) is found

which partially closes the cranial cavity,

and which is usually perforated on cither

side by a foramen (/').

More anteriorly in the

median line is found a

space (/') which ex-

tends to the spheneth-

moid bone, and is only

closed by connective

tissue : posteriorly the

cartilage extends be-

tween the exoccipitals

as far as the foramen

viagnu 111, representing

theosoccijjiki/esttperi/us.

b. The base of the

cranium is (Fig. 1 6) also

partly cartilaginous. If

the 2^ai'^^splienoid (s)

be removed we find

above it a cartilage (/)

which passes back-

wards between the ex-

occipitals, and extends

as far back as the

foramen magnum : it

corresponds to the os

occipitale hasilare.

e. The sides of the craniiim are formed almost entirelv of car-

CartUaginou.s skvill of Uana esctilcnta, from below, twice

natural size. Cartilage shown by stippling.

(• Cartilage of prootic.
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tilag-e. This cartilag-e fills the space bounded by the nasals above,

the parasphenoid below, the so-called ala marjna of the prootic bone

behind, and the sphenethmoid in front ; and has in its posterior part

an aperture (r) throug-h which passes the nervm opticns, and below

this a smaller one (v") for the nervus abilucens. The extent of the

cartilage in the antero-posterior direction is g'reater in R. esculenta

than in R. iei)iporarui., or in other words the sphenethmoid stretches

further back in the latter than in the former.

B. The Bones of the Face.

Firr. i' The Suspensorium.

7. The squamosal

bones, ossa tympanica,

Cuvier (Figs. JO, 14 t).

Cuvier, oss. foss., V, 2.

390, PI. XXIV, Figs. I,

2 n.

—

Dugès, temporo-

mastoidien, n. lo. —
Meckel, Articular part

of temporal. — HaH-
mann and others, quad-

rate-bone. — Parker
and Eettany, I.e., squa-

mosal.

The suspensorium,

which forms the arti-

culation between the

cranium and the lower

jaw, is T shaped, and

consists of cartilage

covered by bone. Of
the three arms of the

T the anterior has a

free pointed extremity

(Fig. 14 t^) at the

postero-lateral margin

of the temporo-orbital

fossa : it forms a true

processus zjjgomailcus, and is bound to the upper jaw by ligaments.

In R. temporaria it is Comparatively much shorter than in R.

esculenta. The posterior upper arm [1'^) articulates with the prootic

CartUaginous basis of the skull of Rana esculenta, from above,

twice natural size. Cartilage shown by stippling.

a.n
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bone : the third or lower arm (/^), supported by a cartilage ^, runs

backwards and downwards to unite with the side of the broad

hinder extremity of the quadrato-jugal bone.

The cartilaginous basis ^ of the snspensorium (Fig. 1 7 sp, sj/) is a

direct continuation of the cartilaginous basis of the cranium, and

proceeds from it to the outer extremity of the prootie ; from this

point the cartilage runs backwards and divides into two branches ;

of these, one (s//) retains the original course backwards and

outwards towards the articulation of the lower jaw, and in con-

junction with the quadrato-jugal (J) forms this joint. The other

{sj/') is directed forwards along the anterior arm of the pterygoid

bone ; it widens in front (sn), and becomes directly continuous with

the cartilaginous strut described above as projecting from the

hinder part of the cartilaginous olfactory capsule.

8. The quadrato-jugal bones, ossa jufjafia, Cuvier (Figs. 10,

Dugès, tyvipano-malUal, n. 11.—Cuvier, I. c, p. 399, PL XXIV, Figs.

I, 2 o.—Hallmann, quaclrato-jugal bone, I.e., p. 39.

—

Parker and

Bettany, I. c, quadrato-jugaL

This is a small process of bone, likened by Dugès to a comma,

which rests by its posterior broader extremity on the cartilage of

the mandibular arch ^, and forms with it a portion of the articular

head for the lower jaw. The anterior extremity is pointed, directed

forwards, and attached by ligament to the maxillary bone.

9. The pterygoid bones, ossapteri/goidea (Figs. 10, 1 1,17, igpf).

Cuvier, I.e., p. 389, PL XXIV, Figs. 1,2 m m.—Dugès, u. 9.—Parker

and Bettany, /. c, pterygoid bones.

These bones, shaped like the Greek letter A, possess each three

arms : of these the middle one is attached to the under surface of

the prootie bone by a cartilaginous process (Fig. 18 sp) ; the hinder

grooved arm lies upon the under surface of the cartilaginous suspen-

sorial arch (Fig. 1 8 sj/) ; and the anterior arm (pf) runs forwards

along the inner border of the anterior ramus of the suspensorium

(sp^^), in contact with the maxillary, palatine, and nasal bones.

The cartilage just mentioned, by means of which the middle arm
of the pterygoid is connected with the cranium (compare Fig. 18),

proceeds from the cranial origin of the cartilaginous arch (sp),

turns downwards and then forms a sort of articular head (cpf),

which is articulated to an oval flat elevation of the prootie cartilage

^ This cartilage is the quadrate cartilage of Parker ; others regard it as the upper

end of the cartilaginous mandibular arch, of which Meckel's cartilage is the lower

distal part.
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Fkr. 1 8.

Origin of the suspensory

cpt



THE SKULL. 33
/

cover of the processus frontalis, connects the hindermost transverse

portion of the nasal cartilage with the cartilage which runs forwards

from the suspensorium upon the anterior arm of the pterygoid.

11. The nasal bones, ossa fronto-nasalia, Dugcs (Figs, i o, i jfn).

CvLvier, frontale anteriiis, I. r.,h.

—

Dugès, n. 2.—Meckel, nasal bone.

—

—Parker and Bettany, I. c, nasal bones.

These flat^ triangular bones, which rest upon the nasal cartilages

[ti), assist to bound the orbital cavities in fi'ont, and are connected

by their external angles with the maxillary bone on either side^.

12. The premaxillary bones, ossa i?/fer///axi//aria (Fi^s. lo, ii,

17, 19 /).

Cuvier, I.e., p. 388, PI. XXIV, Figs, i, 2 f f.

—

Dugès, n. 3.

—

Parker and

Bettany, I.e., premaxillary bones.

These two bones are united

in the middle line : each consists

of a tooth-supporting portion,

which completes the maxillary

arch, and an ascending pro-

cess, to the apex of which the

nasal cartilage is articulated

by a movable joint (an). As
muscles are attached to this

process, it becomes a lever,

by which movements are ef-

fected.

skill! of liana cscnli'iifa, seen from below, tvice
natural size.

13. The palatine bones,

ossa palatlna (Figs. 19, 10 pi).

Cuvier, /. ('., p. 389, PL XXIV,
Figs. I, 2 i i.— Dugès, n. 7.

—

Parker and Bettany, I.e., pala-

tine bones.

Are two transverse bony

bars, situated under the anterior

portion of the sphenethnioid

bone on either side : each ex-

tends outwards from the apex

of the parasphenoid to the maxillary bone, where this gives off its

ascending process to the nasal bone.

* For OS nasale, Cuvier {I. c, g), cornet (concha), Dugès, see cartilaginous nasal

capsule, p. 27.

D

c
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14. The vomers, vomer (Figs. 19, 20 v).

Cuvier, I.e., p. 389, PI. XXIV, Figs, i, 2 1 1.

—

Dugès, n. 6.— Parker
and Bettany, I.e., vomer.

A pair of flat bones, placed liorizontally on the under surface of

the cartilaginous nasal capsule in the triangular space between the

palatine bone and the anterior portion of the arch of the jaw. They

limit the outer border of the floor of this caj^sule, which lies in

a groove on the dorsal surface of the bone. The outer border of

each bone has three processes, and between them two notches ; the

hinder of these notches bounding the posterior nares. The inner

borders of the two bones touch, and the under surface of each bears

a transverse row of small, pointed teeth.

Fo-. 21.

15. The mandible, maxilla inferior (Fig. 31).

Cuvier, Z.c.,p. 398, PI. XXIV, Figs, i, irst.—Duges, n. 16, 17, 18, 19.

—

Parker and Bettany, I.e., mandibular arch.

The mandible consists of two bony arches united by ligament in

the middle line, and each formed of four pieces. These are, (i) the

angulosplenial, a

strong', bony piece

(Fig.2iC,^i,^i),

which forms the in-

ferior and internal

part of the lower

jaw; below, it ex-

tends posteriorly, as

far as the articula-

tion ; in front, it is

attached to the den-

tary. In the greater'

part of its length it

has a groove directed

upwards and out-

wards (C, b), and

above has a pro-

cess which repre-

sents the processus

coronoidens : (2) the

dentary [A 2, B
2), a bony lamella

which rests on the

A Mandible of Ra7ia esculenta, from above, nat. size.

B External view of left side, 1 , • . .

„ . , , . ,
! twice nat. size.

C Angiilosplenial, I

1. Angulosplenial.

2. Dentaiy.

3. Mentonieckelian.

4. 4' Meckel's cartilage.

(( . Rudimentary processtis coronoidens.

b. Groove for Meckel's cartilage.
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outer surface of the anterior half of the angulosplenial, and articu-

lates in front with Meckel's cartilage ; it is a thin, flat lamella of

bone
; (3) in the groove of the angulosplenial is found a cartilag-e

occupying- its entire length (A 4, JS 4), Meckel's cartilage ; it is

broader behind, and here forms the articular fossa of the lower jaw;
anteriorly it is covered by the dentary, and articulates with the

(4) mentomeckelian (A 3, B 3) at its anterior end, which is bound to

its fellow of the opposite side by ligaments, and unites the two

halves of the lower jaw.

The upper part of MeckeFs cartilage, which forms the joint with

the suspensorium, must be regarded as the articidare ; to this also

belongs the anterior, ossified portion of the mentomeckelian ^
; the

dentary, which covers MeckePs cartilage, must represent the os

dentale ^
; the first and largest bone, the angulosplenial, which lies

on the inner side of the cartilage, must be considered as the os oper-

ciilo-angulare, Dugès, for it contains the elements of these bones.

rTe. 22).16. The hyoid bone, 0* liyoideum (Fig.

Parker and Bettany, I.e., hyoid.

This consists of a broad, thin, cartilaginous plate, w4th processes

passing from it as represented in the figure. We distinguish in it :

—

(a) the body (7Z), somewhat oblong, and

wider in front than behind. From the

anterior angles there projects on either side

a bkmt rounded process (//) ; from either

posterior angle a more pointed process (//').

(b) The anterior cornua (^') [cornna sh/-

loided) project from the anterior border of

the body, first in a forward direction, then

in a curve backwards and upwards (compare

Fig. 12). to unite with the cartilage of the

prootic bone. Where the direction of these

cornna is changed each sends off a short

blunt process, (c) The posterior cornua

{cornna thyroidea) {II") are bony rods which

run from the hinder margin of the body, diverge posteriorly, and
enclose the larynx.

Hyoid of Rana csculenta,

twice nat. size.

// Body ; h h' processes.

H' Anterior horn.

H" Posterior horn.

Dugës, OS dentale. Dugès, surangulaire.

D 2
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Fis 23-

III. THE STEENUM (Fig. 24 es, hs).

Cuvier, I.e., p. 401, PI. XXIV, Fig. 31 ef.—Dugès, n. 27, 28.

—

Parker
and Bettany, I.e., sternum.

The bones of the sternum are in very close relationship with the

shoulder-girdle, and some difference of opinion exists as to the rela-

tions of the several parts.

The following parts must be regarded as midoubtedly

belonging to the sternum :

—

1. An anterior part, consisting of a bony and a carti-

laginous portion.

a. The omosternum (Figs. 23, 34 e.s.) is a bony

rod, wider behind, narrower in front, and supports

Ù. The episternum (Fig. 24 e/), a semicircular

plate of calcified cartilage, with a thin free border

of unchanged hyaline cartilage.

2. A posterior part, which also consists of a bony

and a cartilaginous portion.

Fig. 24.

Shoulder-girdle and sternum of Rana esciilenta, tw ice nat. size.

The scapula and suprascapula are turned outwards.

Connecting cartilage. h s. Sternum proper-

Clavicles and precoracnids. W Xiphisternum^l^

Coracoid. o Bone. ^
Omostei-num. o' Calcified cartilage. .

Episternum. sc. Scapula.

Hyaline cartilage. sc' Snprascapula.
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a. The sternum proper (Fig. 24 //.s.), a rod of cartilage

enslieatlied in bone^ broader in front and narrower behind.

To its posterior extremity is attached

h. The cartilaginous xiphistemum (Fig. 24 lis), a plate^ the

shape of which is best understood by referring to Fig. 24, and
the structure of which is similar to that of the episternum.

3. Tlie epicoracoids ^ lie between the ei^isternum and the sternum

proper : they are a pair of narrow cartilages, closely applied to

each other and placed between the ventral ends of the precoracoids

and coracoids, see p. 40.

IV. THE BONES OF THE ANTEEIOR EXTKEMITY.

A. Boxes of the Shoulder-giudle.

The shoulder-girdle of the frog (Fig. 25) consists of four bones,

two in the upper or scapular portion, and two in the lower or

eoracoid portion.

1. The scapular portion. Fig- ^i-

a. The suprascapula, jkits snjjra-

scapiiiaris scapulae^ scapula siijperior

s. omollta (Figs. 25 /, 26, 27).

This forms the upper, thinner por-

tion. It is trapezoid in shape, its

narrowest, thickest, and lowest

border articulating with the sca-

pula. The remaining three borders

are free; the posterior and supe-

rior borders are very considerably

thinned out, the inferior surface

is curved towards the ventral

surface. Only the thin upper and

hinder borders (////) are of hyaline

cartilage ; the middle portion {co)

consists of calcified cartilage ; the

lateral part (0) and the anterior border {0) of true bone.

The bony part forms a thin plate striated both radially and

' Dugës, I.e., p. 61, regards the cartilaginous laminae as os epldernale and proc.

xiphoidetis, and the two bones e.g. and h.s. (Fig. 24) as sternum.

Slinuldei-giidle of the frog in transverse

section, diagraniniîitic.

c Connecting cartilage.

c' Epicoracoids.

H Cla\'icles.

h Humerus,
^v Scapula.

s' Suprascapula.

ss Ai'ticulation of these two.

V Vertebra.
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concentrically with the margin. The anterior border (f/) is bent

on itself so as to form a g-roove (Fig-. 27). The dorsal surface

of this bony plate is quite smooth^ and covered only by periosteum
;

the ventral surface, on the contrary, is for the most part covered

Fm. 26. Fiii". 2:

Suprascapula of Rana esctilnita, from above,

twice nat. size.

Calcified cartilage.

Hyaline cartûage.

Bony portion.

Anterior curved border.

Suprascapula of Rana csmknta, from below,

twice nat. size.

CO Calcified cartilage.

Co' Layer of calcified cartilage on the under siirface

of the bone.

h Hyaline cartUage.

Bony poition.

0' Anterior curved border.

by an even layer of calcified cartilage (Fig-. 27 co'). This passes

directly into the second portion of calcified cartilage (co) ; so that if

the whole be dried, the thin hard lamina of bone can easily be split

away from the underlying parchment-lils e cartilage. The layer of

calcified cartilage is, however, not so complete that the mprascaimla

can be said to consist of calcified cartilage.

b. The scapula (Figs. 25*, 28, 29) is a long, flat, four-cornered

plate of compact bone, contracted in the middle, and wider at either

end. From above (Fig. 28 /) it descends to the shoulder-joint with a

Fig. 28. Fig. 29.

Left scapula of Rana esoiknta,

from below, twice nat, size.

a Anterior border.

CM. Cavitas artkiilaris.

I Outer border.

m Inner border.

/( Posterior border.

Scapula seen

from behind,

twice nat. size.

f.(7. ('(iv. artkidaris.

d Dorsal i)roue.ss.

V Ventnil process.

slight curvature, with the con-

vexity directed outwards. The
inferior or ventral border (Fig.

28 w), which assists in the forma-

tion of the shoulder-joint, is cleft

into two processes, a ventral and

a dorsal. This may be best seen

by looking at the border of the

bone from behind or before (as

in Fig. 29). The lower ventral

process (Fig. 29 v) may be re-

garded as the acromion, or at
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least as a rudiment of the acromion, /. e., spina scapulae. The upper

dorsal process evidently represents a rudimentary processus coracoi-

deus. The anterior border (Fig-. 28 a) is free, somewhat sharp, and

slightly concave; the posterior (Fig-. 28j>j), also concave, is free

externally ; while internally, where the division of the ventral border

commences, it takes part in the formation of the articular cavity of

the shoulder (Figs. 28 and 39 c.a^.

Articulation îvith the suprascapnla. The scapula consists of

a shell of compact bony tissue and an inner portion of cancellous

tissue ; this latter passes, at the boundary between this bone and the

suprascapnla, through an intermediate layer of calcified cartilage,

which is directly continuous with the cartilage of the suprascapnla.

The compact superficial layer ceases where the calcified cartilag-e

begins, and the periosteum of the scapula passes directly into the

perichondrivmi of the suprascapula. •

2. The ventral portion of the shoulder-g-irdle consists of three

parts, which lie one behind the other.

a. The larger and posterior bone, the coracoid (Fig-s. 24 co, 30),

is contracted in the middle, and expanded „.

at either end, especially at the sternal end.

The inner half is flattened from above down-

wards ; externally it becomes more cylindrical.

The anterior and posterior borders are markedly

concave ; the outer border (Fig. 30 /) ar-

ticulates by means of a cartilage with the

proc. coracoidevs of the scapula ; the inner bor-

der (w«) is separated from its fellow of the

opposite side by the epicoracoids. This inner
. ini'i 1 1

Left coiciooid, twice nac.

border is so broad, that it almost touches the size.

inner end of the clavicle (Fis". 24 cL). A « Frombeiow.

. ., (.11 ^ From behind.

coracoid foramen is thus formed between the / outer extremity.

two bones, similar to the foramen ovale of the '" ^^'^^ extremity

pelvis.

b. The small anterior bones of the ventral portion of the shoulder-

girdle (Figs. 24 cl., 31), I, like Cuvier and Fig. 31.

others, regard as clavicles. Duges (n. 33)
names them ' acromial.' Each bone is nar-

rower than the coracoid, smaller internallv ^, . , , , , ,, .,'

_

-J Clavicle of tlie left side,

(y«), broader externally (/), and articulates by twice mit. size.

.,',
1 • 1 1 -1 • • 1 ' Outer extremity.

this broatier end with the cartilage uniting the m inner extremity.
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Fig. 32.

girdle of Kaiia csciilcitti

above.

ca Cav. articiiJaris.

( c Cartilage.

(/ Clavicle.

CO Coracoid.

sc Soapiila.

sc' Sujirasoapula.

(Lji'sal and ventral portions
;

the inner extremity rests upon

the epicoraeoid. The clavicle is

grooved on its superior and

posterior surfaces in almost its

whole leng-th; the groove widens

externally [I), and contains

c. The precoraeoid (Fig.

^4cl'), a slender bar of cartilage,

connecting the anterior edge of

the scaj)ula with the sternum.

Cartilages of the shoulder-girdle (Figs. 24, 33, 34). A car-

tilage (c), described by Duges as the ' paraglenal/ connects the

scapula with the coracoid, and converts the notch between the two

processes [s and v) on the inner border of the scapula into an

aperture opening posteriorly into the g'lenoid cavity, and which is

filled up by the lining cartilage. This cartilage connects the two

processes with the coracoid; being thicker betAveen this and the

jrroc. coracoideu.^, it takes an important share in the formation of

'ig- M-

Hinder border of tlie sc'a-

j)ula and coracoid, with

the connecting cai-tilage

and shoulder-joint, iwice

nat. size.

c Connecting cartilage.

rf Doreal process.

CO Coracoid.

sc Scajiula.

V Ventral proces.s.

Cla^ icular cartilage of a young sjiecinien of liana csciileiila,

enlarged to the adiilt size.

(' Connecting cartilage.

e Epicoracoids.
<•' Ligament between the two cartilages.

(7 Clavicle.

</' Clavicle and precoraeoid.

'•(/ Coracoid.
(•()' Cartilage of same.
<'.v Omostermim.
)i,i Sternum proper.

the lioor of the glenoid cavity. At the outer extremity of the

clavicle the cartilage projects and is then continued in the groove
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on this bone towards the middle line (Figs. 32, 34), where it

widens out^ and is united by its external margin with the sternum,

thus forming the precoracoid as already described, see p. 40.

These connections are best seen in young animals, as is shown in

Fig. 34.

The clavicle [ci) is of ossifying cartilage ; the cartilage (e), the

epicoracoid, is very large, and hyaline, and at cl runs directly into

the epicoracoids, which are here united mesially by ligament. In

the fully developed animal the whole of the epicoracoid changes to

calcified cartilage, as also does the precoracoid lying in the groove

of the clavicle.

B. Bones of the Fore Limb.

1. The arm has but one bone.

The humerus, os hmeri (Figs. 0^^, 36, 37). The shaft of the

humerus is, on the whole, cylindrical, the middle part being the

Fig. 35- Fig. 36. Fig. 37.

Humerus of Rana cs-

ciilenta, female, seen

from below.

Humerus of Rana i:s-

culenta, male, seen

from below.

Figures twice natui-al size.

Humerus of Rana
esculenta, female,

outer side.

(• Anteiiur extremity. c' Posterior extremity. cd Crista deltoidea.

cm Crista medialis. t trochlea.

narrowest ; its dorsal surface is slightly concave, the ventral surface

convex. In the iipper half the cylindrical form is indistinct, from

the presence of a weJl-marked crest [crista âeltoidea) upon the under

or ventral surface. The hinder half of the bone has very different
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shapes in the two sexes : in the female it remains cylindrical as far

as the elbow-joint; in the male, on the posterior sm-faee, where

the crista deltoidea ceases, a marked ridg-e {crista medialis) arises,

which gradually winds inwards and terminates at the inner condyle.

This sexual difference is found in all the three species described in

the Introduction, and it would seem that this ridge increases in height

during- the pairing season. The muscle which arises from this process

is ihejiexor carpi radialis [Fig. 74 Fc), and it attains, in the males, a

very large size at the same period ; indeed, it is at its origin twice

as broad as in the female. Dug-ès ^ has incorrectly stated that

this crista is a peculiarity of liana temjooraria, and is wanting in

Eana esculenta. Pouchet^ first observed that it was a sexvial dis-

tinction.

The anterior articular extremity presents a rounded head, wdiich is

somewhat flattened externally. The inferior ventral border is sharp,

and developed into the above-mentioned bony crest {crista deltoidea)
;

the free border is arched and curved outwards. Above, on the

outer surface of the head, is found an eminence which may be

a rudimentary tntjerc. maius. The inner half of the head is

articular.

The posterior articular extremity consists of a rounded head {c),

attached to the posterior extremity of the shaft ; internal to this is

a small trochlea (/), placed upon the inner condyle. The external

condyle is but small. The head is embraced by these condyles.

Upon the under surface, above the head, is the fossa aihifalis

anterior. The structure of the two articular extremities of the hu-

merus differs; the upper, as in long bones generally (see page 16),

consists of hyaline cartilage surrounded by calcified cartilage, which

again is covered by hyaline articular cartilage ; the lower extremity

is composed of spongy bone, with roundish marrow spaces, and for

the most part covered by a layer of calcified cartilage.

The shoulder-joint. The socket is formed by the posterior border

of the scapula, by both the processes of that bone, the outer portion

of the coracoid, and besides these by cartilage, which forms the

articular surface already described (Fig. 33). In the macerated

bone the floor of the socket opens dorsally into a fossa

between the processes of the scapula (Fig. 32). This opening, in

the natural condition, is closed by spiovial membrane only; the

cartilage covering the rest of the space being absent (the sac may

1 I.e., p. 68. ^ Compt. rend. vol. XXV, 1847, p. 761.
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easily be inflated, either from the joint itself or through the opening).

The margin of the socket consists of a labrum, partly fibrous and

partly cartilaginous, which is easily removed entire. The capsule,

which is attached beneath the caput humen, arises from this. From

the articular cartilage of the ventral margin of the socket, and from

the adjacent part of the scapula, proceeds a strong band, which is

inserted into the flattened outer surface of the head.

2. The forearm.

The radio-ulnar, os antlhracJiu (Fig. 38). The two bony

elements of the forearm are fused into one, which, however, shows

traces of its compound character. Of these two bones, j-jg. 38.

that which forms the inferior (in man anterior) border

is the radius, the other the ulna. The relative posi-

tions of the bony elements are such that they ap-

pear to be in a state of semi-pronation ; by this the

thumb-border of the arm is directed downwards (in

man forwards). The two bones so united form a

flattened, tube-like bone, the grooved surfaces of

which are directed inwards and outwards respectively;

the borders being dorsal and ventral. The shaft of

the bone is narrower above, becoming g-radually wider

below. In the upper half, the groove showing the

line of junction of the two bony elements is

scarcely visible, and it appears as though this part

consisted of ulna alone, the radius not reaching so

far; below the groove is more marked. The upper

articular extremity appears to consist of an olecranon

(Fig. 38 u') and a processus coi'onoidetis (/), between

which is the greater sigmoid cavity {cavitas sigmoidea viajor) for

the processus cubUalis humeri. A more careful examination shows

this to be incorrect : the portion of the concave articular surface,

which lies in the immediate neighbourhood of the ventral border,

undoubtedly represents the articular surface of the cap'dnlum radii,

and the upper portion of the articular surface (at n) belongs to the

idua and articulates with the trochlea (Figs. '^^, 36 t) of the

humerus. The inner border of the upper extremity of the bone

ai-ticulates with the groove t of the humerus. The inferior

extremity forms one of the usual cartilaginous epiphyses, enclosing

the two bones. That part of the extremity corresponding with

the radius is triangular and convex, it is prolonged upon the

inner or under surface of the bone by means of a process ; the

Radio-ulnar of

the riglit side

of liana escu-

It'iifa, U\iciina.t.

size.

r Radiiis.

r' Capituhim ra-

dii.

M Ulna.

u' Olecranon.
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ulnar portion of the bone forms a cajntulnm. The structure of

the inferior extremity is that of ejîiphyses in general, except that

there are two medullary cavities in a common sheath of calcified

cartilag-e; the anterior head consists of cancellous tissue, with a

covering- of calcified cartilag-e.

I'ig- 39-

" ,t

Bones of the forearm and hand of Ihina

I'sculcnta, right side, dorsum, twice

nat. size.

a Os antibrachii.

he Os capitato-haniatum.

I Os hinatum.

m Ossa metacarpi.

n Os naviciilare.

]) Os pyramidale.

r Radial portion of the radiu-ulnar.

t Os multantfiilnm majus or trapeziiim.

t' Os multangulum minus or trapezoides.

« Ulnar portion of the radio-ulnav. J
/— V First to fifth finders, the-fiftli only

of OS metacarpi, the second'and third

of two, fonrth and fifth of three

phalcinges.

3. Bones of the hand (Fig. 39).

Dugès, PI. VIII, Fig's. 37, 38. 39, 40, 4].

42, 43, .52-

a. Bones of the wrist, o.'^m carpi.

These are arranged in two rows, proxi-

mal and distal. The proximal or an-

terior row has three bones, viz. :

—

1

.

Os liinahim, the middle bone (Fig.

39 /), Dug-es, n. 38, articulates with the

radial part of the articular surface of

the radio-ulnar by a concave surface;

with the larg-e bone of the second row

[he) it articulates by means of a rounded

head; and with the two other bones

of this row, os navicnlnre [n) and pyra-

midale [p), with the former by a saddle-

shaped surface, with the latter chiefly

by ligament. The bone is irregularly

cuboid ; the dorsal and palmar surfaces

are non-articular. With Dugès I regard

this bone as os lunatum,', Mertens^ re-

gards it as OS navicHlare.

2. Os pyramidah (Fig. 39 7>), Dugès,

n. 37, articulates with the ulnar part

of the posterior articular extremity of

the radio-ulnar. Anteriorly the bone

has a facet which receives the capitn-

lum idnae, and alongside this a small

flat surface which articulates with the

radiiTs. Posteriorly, opposite to the

second row, it presents a long raised

articular surface, extending from the

dorsum to the palmar surface ; and on

Mertens. I. c.
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the palmar aspect of the bone is a ridge running' from before back-

wards. Mertens names this bone os limatum.

3. Os naviculare (Fig. 39 n), Duges^ n. 39. The third bone

of the first row does not articulate with the bones of the forearm.

It is connected with the os lunatum by a saddle-shaped surface, pos-

teriorly with the OS capltatum by means of a concave surface. On
the inner surface is a small concave articular facet for the os midt-

avgulum minus or trapezoides (Fig. 39 f). The convex palmar

surface of the bone articulates with the os multangulam viajus (/) ; the

radial side is non-articular, and with the os lunatvvi forms a ridge

directed forwards. Mertens names this bone os triqneinnn. It is

evident^ however^ that if the arrangement in man obtains as a

standard^ the nomenclature of Dugcs, which I have here used, is

correct; but the os naviculare is no longer in contact with the

articular surface of the os uniihrachii.

The second or distal row also consists of three bones :— '

4. Os capitato-hamatum (Fig. 39 he), Duges, n. 4c, 41, 42,

corresponds with the os capitafum and hamaium ^, which are here

fused together. It is the largest bone, and articulates with all three

bones of the first row ; it is crescentic, with the concavity directed

posteriorly, and on the convex surface has three facets for the three

outer ossa metacarpÀ.

5. Os mnHangulniii minus, s. trapezoides (Fig-. 39 t'), Dugès,

n. 43, is a small bone h'ing next to the foregoing; it articulates

with the OS vielacarpi II, and anteriorly with the os naviculare.

Duges considers it to be the os trapezium

.

6. Os multanguhun viajus, s. trapezium (Fig. 39 t), is a small

bone, which is placed on the convex palmar auricular side of the

OS naviculare. Duges regards this bone as os metacarpi pjolUcis

(Duges, n. 44), Mertens as muJtangulum minus. It appears to me
that the interpretation here given is justified, because it articulates

with the rudiment of the thumb, and as it possesses no resemblance

to a long bone it cannot be regarded as an os metacarpi.

Structure of the carpal bones. All the cardial bones consist

of calcified cartilage, though variations due to age occur in the

amount of the deposit.

Wrist joint. As stated above, the os lunatum and ospp-amidale are

articulated with the forearm. In addition to the capsules uniting

the parts, there are strengthening ligaments, two of which require

special mention. One of these arises from the palmar surface of

' Duges thinks that os tiujxzokles is also included.
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Fiw. 40.

the posterior extremity of the uhia, and passes to the sharp palmar

ridge of the os pyramidale, where it is attached, and is inserted into

the 0* capitalo-Iiamatuni; the second ligament passes in a similar

manner on the palmar surface from the radius to the os naviculare.

Between the two ligaments there is on the volar surface a deep

excavation.

Movements of the hand. The two

bones of the forearm being firmly

united, pronation and supination, as

in man, are impossible. The normal

position, as already remarked (see radio-

ulnar), is that of semi-pronation (com-

pare Figs. 2 and 74). If the animal

be in its natural j^osture, with the arm

bent at the elbow (Fig. i), it can touch

the ground with the ulnar border only
;

but when the whole surface of the hand

rests upon the ground, the action is

brought about as follows : the plane of

the carpvis is in extension parallel with

that of the forearm ; in flexion, almost

at right-angles with that plane (Fig.

74). The OS lanaUim glides on the pro-

longation of the articular surface on the

inner palmar surface of the radius,

/? ri while the os pyramidale is held firmly

^
'

' by the ligament just described. The

hand follows the movement of the os

Innatum, and at the same time the three

outer ossa meiacarpi gliding with it in-

wards, the fingers of the hand turn

inwards.

b. The Bones of the metacarpus, ossa

wefacarpi (Fig. 40 m). Of these there

are five : the second to the fifth are of

about equal length; the first, forming

the rudiment of the thumb, hidden

beneath the skin, is much shorter.

This metacarpal bone of the thumb is

regarded by Dugès and others as the

first phalanx. My reason for describing it as a metacarpal has

Bones of the forearm and liand of liana

escuknta, right side, dorsum, twice nat.

size.

a Radio-ulnar.

he Os capitato-Iiamatnm.

I Os kinatum.

m Ossa metacavpi.

n Os navioulare.

p Os ]iyrai)iidale.

»• Radi:il ]icirtion of the radio-nlnar.

t Osniultangnhim nuiiiis or trapezium.

I' Os multanguhim minus or trapezoides.

u Ulnar portion of the radio-ulnar.

I -V First to fifth fingers, the first only

of a metacarpal, the second and third

of two, fourth and fifth of tliree

phalanges.
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already been g-iven. This bone also presents differences in the two
sexes. MeckeFs^ observation that it exists only in the male is

incorrect; it is a large, broad and sickle-shaped mass o£ calcified

cartilage or even true bone, while in the female it is simply a small

cartilaginous rod ; as this almost entirely disappears in dried speci-

mens, Meckel^s statement is explained. The second, fing-er has in

the frog" assumed the functions of the thumb, and, in the males, in

the breeding" season swells and underg-oes an essential alteration of

structure. The metacarpal of this finger also displays differences

in the sexes, being" in the male stronger, broader, and on the inner

side provided with a spine-like prolongation, for the tendon of the

abductor digiti II [poUicis) longus, which attains an unusual de-

velopment during the breeding- season. The remaining- metacarpal

bones, the third, fourth, and fifth, are of similar form, the last

being" provided with a tubercle. The anterior articular extremities

are rather broad and concave, and the posterior have rounded

heads.

c. The ^'haAasL^Q^,phalanges dlgitorum. The hand has fourfing-ers

and the rudiment of a fifth, which latter is completely hidden under

the skin, and as already explained, consists of a metacarj^al only.

Of the four fingers, the fourth is the long-est, the third the shortest,

the second and fifth of intermediate and about equal length; the

fourth and fifth fingers have each three phalanges, the second and
third have each two. Their shape is not \xnlike that of the human
phalanges.

V. THE BONES OF THE HINDER EXTREMITY.

A. Bones of the Pelvic Girdle (Fig-. 41).

The pelvis has a characteristic V- shape, the pubic and ischiatic

bones of the two sides together forming- a vertical plate {a p),
which divides anteriorly into the two iliac bones (//). The pubic

and ischiatic bones being united by their median surfaces, one can
only speak of the pelvic cavity as the space between the two
ilia.

1. The ilia, ossa ilil (Fig. 42 il). In these a broader part or

' I. c, n, 464.
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body can be distinguished, which takes part in the formation of the

acetabuhim (a). The hinder and broadest part of the bone is joined

to the corresponding portion of its fellow by ligament ; anteriorly the

two diverge, bounding a cone-shaped cavity, the pelvis. The suture,

by which the body of the iliac bone is united with the ischiatic

and pubic bones, runs from above downwards through the middle of

the acefabulnm (Fig. 42,
Fig. 41.Fig.

Pelvisof Rana esculeiita,

from below, nat. size.

a Acetabulum.

U Iliac bone.

p Pubic bone.

from 2j through the ace-

iahnlum to is). Inferiorly

and in front the united

Uia form a prominence

(<s), which represents the

v/)iiijJ/f/.vs OSS. jnih. of

man. The expanded por-

tions of the ilium rest

directly over the articu-

lar cavity by means of

a somewhat constricted

part or root. The ala is

a sabre-like bone, with

the sharper, more convex

border directed upwards
;

the more concave, thicker

border downwards. The two surfaces,

of which the inner is grooved, are

directed respectively inwards and outwards.

The broader part of the blade springs

directly from the neck or root (at il'), and

at this end of the sharp ccmvex border

is a process, process, s/ijj., from which

the tendon of the m. vastus ejieniits arises.

The anterior end of the blade is a hol-

low cylinder, containing cartilag*e, mov-

ably articulated to the transverse process

of the last vertebra or sacrum.

2. The ischia, ossa iscliii [is), are irre-

gular, four-cornered plates of bone, united

together by the whole extent of their inner surfaces. The vertical

plate formed by the union of the two bones takes only a very

small share in the formation of the articular cavity. Above, it has

a somewhat sharp border, continued with the ilium into a process

Pelvis of Rana esculcntit, left side,

twice nat. size.

a Acetabulum.
d Upper sharp border.

U Iliac bone.

W Superior process.

is Ischium.

is' Tuber ischii.

/> Os pubis.

*• Inferior process of the ilium.

V Lower border of same.
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(i/) corresponding with the united tuhera iscJiii
;

the hinder border^ which is nnited below with the

pubic cartilag-e, is curved.

3. The pubes, os pnhis (Fig-s. 41, 42^ A?i l')-

Ossified pubic bones do not exist; even in old

animals they are composed of calcified cartilage.

Each is a triangular cartilage, wedged between

the ilium and ischium, but also taking part

in the formation of the acetabulum. The pubes

of opposite sides are, as shown in section in

Fig. 43, united by ligaments in the median

plane.

B. Bones op the Hind-Limb.

Fig- 43-

Horizontal section

through tlie iliac,

pubic, and ischiatic

bones.

a Acetabulum.
U nium.
is Ischium.

p Pubic cartilage.

s Ijigaments which
unite tlie bones of

opi>osite sides.

1. The thigh.

The femur, o-s* femoris (Fig. 44). The shaft is cylindrical,

with a slight double or S-shaped curve. In the Fig. 44.

anterior portion the convexity is directed upwards,

in the two hinder thirds downwards. Towards

the hinder extremity it is flattened from above

downwards. The anterior extremity is a rounded

articular head placed directly on the shaft like

that of the humerus. This head is somewhat flat-

tened from side to side ; and in stracture resembles

that of the humerus. The inferior extremity is

rounded below, biit flattened above (towards the

hollow of the knee) and behind.

Hip-joint. The articular cavity is deepened by

a fibrous ring, lahrnm caHilagineum, which fits

closely upon the caput femoris ; from this tatjrum, the

joint-capsule arises, to be inserted behind the head
;

close to the lower border of the cavity a ti/ja-

weutum teres arises, which is inserted into the cap?/t

femoris.

2. The leg.

Tibio - fibula, os cruris (Fig. 45). This

consists of a single bone, the os cruris ; it is

often called the tilAa, but presents, however, dis-

tinct indications of being formed of two bones,

the titjia and fijula. The shaft is not quite

straight; it is thinner in the middle and flattened p Posterior extremity

E

Femur of liana escu-

litita, right side,twice

nat. size.

a Anterior extremity.
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Fig. 45-

Tibio-fibula of Rana escii-

lenta, twice nat. size, seen

from below.

a a Grooves.

/ Foramen nutritium.

t Anterior artici'lar ex-
tremity.

/' Posterior articular ex-
tremity.

I" Groove on malleolus in-

ternus for tendon of
111. tibialis posticus.

from above dowaiwards. On the upper as also

oil the lower surface of the bone is a groove^

passing" from the middle towards each ex-

tremity ; this deepens as it proceeds, and is an

indication of the compound natm'e of the bone.

In the middle of each surface of the bone

is the opening of a canal, through which a

bristle may be passed : the canal has bony

walls. The medullary cavity is, for the most

part, double, being single only in the middle.

The anterior extremity is articular, and presents

a median groove, which is prolonged on to the

under surface. The posterior extremity forms

a transverse condyle, which has at its inner

part a notch for the tendon of the m. tibialis

posticus.

The knee-joint consists of a capsule strength-

ened by the insertions of numerous tendons.

Within this the articular surfaces

of the femur and tibio-fibula are

connected by means of fibro-elas-

tic bands, which spring from the

latter bone and cross each other,

thus representing the lig. cruciata.

The articular surfaces are more-

over deepened by loose semilunar

cartilages, corresponding with

the inter-articular cartilages of

the knee-joint of man. In addi-

tion, on either side of the joint,

are found auxiliary ligaments.

Fig. 46.

Section of the tibio-

fibula through tlie

under extremity.

a Cartilaginous

ejnphysis.

m Marrow cavities.

I" Connecting

mass.

1 1' The two cylin-

ders of bone.

3. The foot (Fig. 47).

a. The ankle, ossa tarsi. The tarsus consists of two rows of

bones.

a. The proximal row consists of two long tubular bones (Fig.

47 ac), which are parallel
^
to each other, and imdoubtedly cor-

respond with the astragalus [talus) and calcaneum. The bones

are separated in the middle, but approach each other at either end.

The outer of these bones {c) I have named calcaneum, following

Cuvier and Dugès ; the inner, astragalus {ci). The two bones are
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Fîg. 47.
surrounded and enclosed at

their anterior and posterior

extremities in a common epi-

physis of calcified cartilage,

which has the usual struc-

ture found elsewhere. The
VigameyiUim calcanei, which

will be described below (see

Muscles of Foot, Fig. 88 Ir),

may be regarded as an un-

attached process of the heel ^

.

/3. The distal row of the

tarsals are all composed

of calcified cartilage. They

are :

—

I. Os cvhovlevm (Fig. 47
cU), a flat plate of cartilage,

concave in front, convex

behind, placed between the //

common epiphysis of the

astragalus and calcaneum

[ac) and the 08sa metatarsi II

and ///. This corresponds,

as Dugès suggests, with the

separated os cutjoidevm and

cmieifonne III of other ba-

trachians, e.g. Bufo.

3. On the inner side of

the above, between the as-

tragalus and metatarsus I lies

a small body, concave in

front, convex behind, which

we may regard, with Dugès,

as the analogu^e of the os

naviculare (Fig. 47 71).

3. This latter supports a

cartilage which forms a pro-

jection on the inner border,

covered with skin. This

consists of closely -united

pieces, a small round, basal

^ Meckel, I.e., II, p. 488, regardis the cartilage in the tendo AcMIlis as such

E 3

Riglitfoot ofRatiaescidenta ,\>a.]ma.v surface,twicenat. size.

a Astragalus. h First, h' second cartilage

ac Common epiphysis. of supplemental toe.

c Calcaneum. m Ossa metacarpi.

cb Os cuboideum. n Os naviculare.

/ to F First to fifth toe.



52 THE BONES AND JOINTS.

piece (//), and a flattened beak-like piece [h'). Duges considers

these pieces as the first and second ossa cuneiformia; I rather incline

to MeckeFs opinion that they represent a rudimentary hallux, the

first being the os metatarsi, the second a phalanx. Both are com-

posed of calcified cartilage ; in B. temporana the lime-deposit seems

to be less than in M. oxi/rJimns and H. escnlenta, and the projection

consequently softer ^.

b. The metatarsal bones, ossa metatarsi (Fig. 47, m I-V). The
five ossa metatarsi are long, thin tubular bones, the anterior articular

extremities of which are broader above and narrow below, hence are

wedge-shaped, and anteriorly present flat surfaces for articulation

with the tarsus. The shafts are long" and thin ; the posterior

extremities have rounded heads. The comparative length of these

is as follows : the fourth is the longest, then come the third, fifth,

second, and first in order. In structure they resemble other tubular

bones.

c. The çh.a\a,n^Gs, 2^halanges digitorum, (Fig. 47). The total lengths

of the sej^arate toes correspond with that of the ossa metatarsi, but

the distinctive différences are increased, partly by the difference in

number and partly by the varying lengths of the phalanges. The

first and second toes have each only two phalanges, the third and

fifth have each three, the fourth, which is the longest, has four.

The terminal phalanges are somewhat hooked towards the plantar

surface.

' In the text these two cartilages are termed the ' supplemental toe.'
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THE MUSCLES,

I. MUSCLES OF THE HEAD.

I. Muscles of the Eye.

/l.; M. rectus inferior (Fig-. 48 rl').

Dugès, post-orbito-sous-oculaire, n. 12.

—

Zenker, depressor oculi.

This muscle arises Ly a very thin, almost thread-like tendon

from the parasphenoid^ near the /oramefi oplictim, and becomes raj^idly

broader; it lies beneath the tendon of

the memhrana nictitans and a part of the ^^K- 48-

m. retractor hidbi : then runs forwards

and outwards to be attached into the

lower part of the circumference of the

eyeball,

2. M. rectus externns (Fig-. 48 re).

Dugès, post-orbito-ex-oculaire, n. 14.

Arises by a thin, thread-like tendon

from the parasphenoid near the fora-

men opticunt, internal to and a little be-

hind the m. rectus inferior : it then passes

obliquely outwards over the m. retractor

hulbi and the tendon of the memhrana

nictitans, to be inserted into the outer

and hinder part of the circumference

of the eyeball.

3. 31. rectus internus (Fig. 48 ;/).

Dugès, post-orbito-in-oculaire, n. 13.

A long, thin muscle, which arises by

a thread-like tendon from the parasphenoid at the inner and

Eye muscles of liana csculenta, from
below.

On the riglit side [i. c. in the left eye)

the lev. bulbi (I) is taken away ; on

the left side it is still present.

I M. levator bulbi.

l.a M. lev. anguli scapulae

i)i M. obliquus inferior.

OS M. obliquus s\iperior.

p M. pterygoideiis.

r M. retractor bulbi.

re M. rectus externus.

1 First cervical vertebra.
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hinder ang-le of the orbit, passes along its inner wall, and is in-

serted into the antero-internal part of the circumference of the

eyeball.

4. M. rectus superior (Fig". 49 rs.\

Dugès, post-orbito-sous-oculaire.

Arises by a slender tendon from the frouto-parietal bone, widens

rapidly, and runs forwards and out-

wards to be inserted into the upper

part of the circumference of the bulb us.

Fig. 49.

Eye-muscles of Rana csculenla, froiu

above.

ti Meiubratiii nictitans.

n' Tendon of membrana nictitans.

p M. pterygoideus.

rs. M. rectus superior.

t M. temporalis.

5. M. obllquus inferior (Fig-, 48 oi).

Dugès, pré-sous-orbito-oculaire.

This muscle arises near the floor of

the orbital cavity^ at the inner and an-

terior ang-le, from the palatine bone by

a thin and long- tendon, runs under

Harder's gland outwards and back-

wards, and is inserted, almost at a right

ang-le with the axis of the eye, into

the anterior part of the circumference

of the eyeball.

6. M. obliquus superior (Fig. 48 o.v).

Dugès, pré-sus-orbito-oculaire, n. 7.

The tendon of this small muscle arises from the inner end of the

palatine bone, near the origin of the ul, obliquus

inferior, runs upwards, backwards, and out-

wards, and passes into a flat muscle, which

J Xl :a- (^\\ rapidly becomes broader, and is inserted into

the upper sui-face of the eyeball.

7. M. retractor buUA (Figs. 48 r, 50 /•, /).

Dugès, orbito-post-oculaire or clioanide, n. lo.—
Zenker, »». opticu».

This muscle surrounds the optic nerve, and

is situated within the cone formed by the four

recti muscles ; it consists of three portions,

which take their broad and fleshy (the recti

and obliqui arise by thin tendons) origins from

the under surface of the parasphenoid. The

first portion (Fig. 50 r) arises from the under

surface of the parasphenoid, nearly as far as the

Fia-

Eye-muscles of liana cscit-

lenta, from below, the m.
recti and oblii|ui have been
removed.

n' Tendon of membrana nic-

titans.

r M. retractor bulbi, lower

part.

r' Second part of same.
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middle line, is broad and fleshy, and covers, from below, the tendon

of the rectus externm, then rvms forwards and outwards. The

second portion [r), which lies over this and the tendon of the m.

rectus extermts, has also a broad and fleshy origin, but runs more

directly forwards, slightly crossing- the preceding. The third

portion arises above the two others by a strong thin tendon from

the parasphenoid : it runs almost in the direction of the iii. rectus

hiternns, but more directly forwards. The first two portions

pass more to the upper surface of the eyeball, the third more

to the under surface ; consequently the whole muscle forms a

sheath surrounding the eyeball. The fibres to the upper surface

of the eyeball are inserted somewhat in front of the equator of

the eyeball, those to the under surface somewhat behind it.

8. M. levator hulbi, Dugès (Figs. 48 /, 51 I, 52 I).

Dugès, fronto-pterygoidien, n. 9.

—

Klein, sustentator balbi.

There is no bony floor to the orbital cavity, and the oral and orbital

cavities are only separated by soft tissues; these are :—the mucous

membrane of the mouth,

a thin fascia, and above

this the muscle under

consideration. The fibres

of this muscle run from

before and from the inner

side obliquely backwards

and outwards, below all

the remaining muscles of

the eye, with the excep-

tion of the orig'in of the

m. retractor hullji, and

the tendons of the m.

obliquus inferior, and the

m. pterygoideus ; they

arise on the inner side

from the upper and outer

border of the fronto-

parietal bone (Fig. 51),

also from the transverse portion of the parasphenoid and ptery-

goid bones, anteriorly from the sphenethmoid and palatine bones
;

they run first downwards, then, in the direction indicated, under-

I'lansverse section tlirough the

skull and orbital cavities of

Rana escuknfa.

b Bulb of eye.

c SkuU cavity.

II Mucous membrane.
I M. levator bulbi.

m Upper jaw.

H Membrana nictitan.s.

n' Continuation of same to tlie

lower eyelid.

p Upper eyelid.

M. levator bidbi of Rana
esculetita, seen from
above ; the eyeball

which rests on it h;iji

been removed.

d.p M. depressor palpe-

brae inferioris.

I M. levator bulbi.

n Membrana nictitans.

p. M. pterygoideus.

t M. temporalis.
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iieath the eye ; and are inserted externally by means of tendinous

fibres into the superior border o£ the upper jaw,

9. From the foregoing- muselé certain fibres pass to the lower

eyelid, which may be regarded as a depressor palpebrae inferioris

(Fig. 52 d.p).

Manz^ has described a muscle as depressor palpehrae inferioris

which arises in the neighbourhood of the external angle of the

eye, somewhat behind and below the lower border of the orbit, thence

passes obliquely upwards to be inserted into the lower eyelid. This

description is right as regards the insertion, but needs correction

as. regards the origin. The muscle is attached to the orbital border

in so far that the tendinous expansion, into which the levator hulhi

passes at its external border, is attached into the upper jaw; this

bundle splits off from the upper surface of the levator hulhi at its

middle, and runs outwards on the under surface of the eyeball to the

hinder part of the lower eyelid.

( 10. Tendon of the memhraua nlctitans'^ (^'ig"- S?> '^')" ^^^^

pigmented free border of the nictitating membrane passes, at the

inner and outer ang-les of the eye, into a ten-

don which passes for some distance through

fibrous tissue, then descends to the under

surface of the eyeball and joins that of the

opposite side, so that the free border of the

eyelid, together with this tendon, form a com-

plete ring. The tendinous part of the ring',

which is thin and thread-like, is found

on the under surface of the eyeball, and lies

under the m. retractor hulfji, and is bound to

this muscle by connective tissue. Manz is

right in saying that the two muscles described

by Dugès as levatores palpehrae inferiores (or-

bito-palpebral antérieur and postérieur, n. 5
and 6) do not exist ; as is also the sugg'estion

that he has confounded the tendon of the

nictitating membrane with these; this is

clearly shown in the figure in Plate VI of Dugès. With reg-ard

to the actions of these eye-muscles, it is plain that the four straight

^ Manz, Berichte der naturf. Gesellschaft zu Freiburg, 2 Band, 4 Heft, 1862,

p. 391-
^ Compare Manz, L. c.

Fig- .53-

Eye-muscles of Rana cseu-

lenta, from below, the m.
recti and obliqui have
been removed.

n' Tendon of membrana nic-

titans.

r M. retractor bulbi, lower

part.

»•' Second part of same.
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and two oblique muscles rotate the eyeball about three axes, one

the axis of the eye, one vertical, and the third passing- from behind
forwards and inwards. The m. retractor pulls the eyeball into

the orbital cavity backwards and downwards, while the levator

raises it.

There is less ag-reement about the movements of the eyelids, or

rather of the lower eyelid, for the upper has no independent

movements. Dugès (/. c.) says that the two muscles, which he con-

siders to be levatores pal^ntjrae hiferiores, and which, according" to

him, are connected with the m. retractor hiMi, draw up the lid as it

is being drawn backwards and downwards by the latter muscle.

The depression of the lid on the relaxation of the retractor and
projection of the eyeball is due simply to elasticity. Manz \ on the

contrary, has shown that the sinking of the eyeball by the con-

traction of the retractor must necessarily cause a rising' of the

nictitating membrane, as its tendons are attached to that muscle

and so must follow its movements.

The depression of the lower lid occurs simultaneously with the

raising of the eyeball by means of the ra. levator tjulbi, through the

contraction of the m. depressor palpe1)rae mferloris, which proceeds

from that muscle ; this is easily understood, as they are but parts

of the same muscle.

II. Muscles op the Face.

11. J\l. hitermaxillaris s. dilatator narium (Fig. 54 im).

Dugès, intermaxillaire, n. i.—Zenker, intermaxillaris médius.

This small muscle lies in the space

between the vertical processes of the

two premaxillary bones, and consists of

obliquely-crossing fibres arising from

the one bone and inserted into the oppo-

site one. It brings together the pro-

cesses of the intermaxillary bones, so

that their upper extremities approach

each other. At the same time^ the

cartilaginous nasal coverings or wings

{an) diverge and the nares expand
;

hence we may regard this muscle as

corresponding to a dilatator narium.

1 I. c, p. 4.

Facial muscles of Rana esculenta.

an Cartilaginous nasal alae.

i' Vertical process of premaxillary

bone.

Ini M. intermaxillaris.

Ill M. lateralis narium.

H Cartilaginous nose capsule.
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12. M. lateralis uarium. (Ecker), (Fig. 54 In).

Zenker, m. intermaxillari» lateralis.—Klein, in. imsalis inferior.—
Dugès, sus-maxillo-pré-nasal, n. 2.

This small muscle occupies the space between the anterior portion

of the maxillary bone and the ascending- process of the premaxillary

bone. It arises from the maxillary, and ascends obliquely forwards

to be inserted into the outer border of the ascending- process of the

premaxillary bone. It is antagonistic to the foregoing-.

A third muscle is described by Dugès as sus-maxUlo-post-nmal,

n. 3 {iiasalis exteruus, Klein) ; according to him it passes from the

Ijfoc. nasalis of the maxillary bone to the outer border of the nasal

opening", which it widens. According- to Klein (/. c, p. 9), this

muscle in R. ieinporavia runs to the upper border of the maxillary bone

beneath the lower eyelid, and is long- and narrow. I have, however,

never been able to find muscular fibre in this situation.

III. Muscles of the Lower Jaw.

Muscles of the back and shoulder,

r M. cucuUaris.

dm,dm M. depressor maxillae, arising from the fascia

dorsalis. On the right side it is cut through
and reflected.

/d Fascia dorsalis.

/d' Same cut near the spinous processes.

i II. infraspinatus.

l.a M. levator anguli scapulae.

l.d M. latissimus dorsi.

r M. retrahens scapulae.

sc 51. sternocleidoniaatoideus.

1B:)M. dej^ressor viax'il-

lae inferioris, Cams, Zenker

(Fig-s. SS, 56, 6s d.m.).

Cuvier, I.e., II, 141, digas-

tricns.—Dugès, sus-occipito-

dorso-angulaire, 32.

This is a strong, trian-

gular musclC; wide above,

pointed below. It is placed

between the head and the

shoulder-blade. It arises in

two portions; the g-reater,

from the fascia dorsalis

[fd, ), covers the scapula, and

passes inwards and back-

wards over the muscles of

the back ; anteriorly it passes

over the m. iemporalis and

is attached to the fronto-

parietal and squamosal,

being- continued to the

fascia of the upper eyelid.

The second part is smaller,

and arises by fleshy fibres

from the postero-suj)erior
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Fis-. .06.

arm of the squamosal, and from the j)osterior and inferior border

of the eartilag-inous tympanic ring-. The two parts unite and are

inserted into the hinder angle of the lower jaw. Cuvier correctly

considers that only the anterior portion corresponds to the digastri-

cus, the posterior answering- to the m. cervico-viaxiUaris of snakes.

It draws the lower jaw down and opens the mouth.

14. M. temporalis (Figs. 49, 52, ^6, 57 f).

Cuvier, m. iemporaUs, I, I.e., p. 138.

—

Dugès, sous-rupéo-temporo-coronoidieii.

This muscle, tog-ether with the m. pteryrjouleus, occupies the space

between the prootic and the eyeball ; it arises by the greater

part of its fibres from the

upper surface of the pro-

otic ; it passes, narrowdng-,

beneath the anterior arm of

the squamosal, then over

the pterygoid bone, between

this and the maxillary and

quadrato-jugal, receiving- on

the way other fibres which

arise from the anterior border

of the inferior arm of the

squamosal and from the

anterior circumference of the

tympanic ring. The collected

fibres end in a broad, flat

tendon, which is inserted into

the inner surface of the so-

called proc. coTono'idevs.

iluscles of the lower jaw of Rana esculenta.

d >r. deltoideus.

<l>n M. depressor maxillae, its origin where covering

the m. temporalis reflected at *.

Id M. latissimiis dorsi.

m M. masseter.

t M. temporalis, origin.

/' Lower portion of same.

15. M. pterygoideus (Figs. 497:1, 52, ST pf)-

Cuvier, m. temporalis, II, I.e.—Zenker, on. massefericn-t, I.e., p. 25.

—

Dugès, pré-riipéo-pterygo-maxillaire, 31.

This is partly covered by the foreg-oing-, and lies between it and

the eyeball. It arises at the inner wall of the orbit from the

frontoparietal, and from that portion of the prootic Avhieh may be

regarded as the ala magna, above the m. retractor JjidJA. The muscle

is broad, and compressed from before backwards : it runs down-

wards covered by the vi. temporalis, and soon passes into a long,

thin tendon (Fig-. 57/;/), which is inserted, behind the m. temporalis

and immediately in front of the joint, into the inner surface of the

lower jaw.
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16. M. wasseter (Figs. 56, 57 m).

Dugès, zygomato-maxillaire, n. 29.

Arises as a somewhat broad muscle from the horizontal process of

the quadrato-jug-al and is inserted

into the outer side of the lower

jaw, opposite the insertion of the

711. temjjoralis.

17. M. siihniasci//aris (Figs. 58,

59, 61 sm, sni').

Cuvier, m. im/Io-hyoideiis, I. c, II,

536. — Zenker, mylo-sternoideus,

f). 25. — Dugès, sous-maxillaire, n.

This muscle forms the floor of

the mouth as does the 7ni/lo-

liyoideus in man; it is, however,

not inserted into the hyoid bone.

It arises— i. From the whole of

the inner surface of the upper

border of the lower jaw^, except

near the angle (Fig. 58 -s;h)
;

2. By a small portion (Figs. 58,

59, 61 sm'^ near the skull, from

the cartilaginous anterior comu of the hyoid-bone which projects

from the cartilaginous part of the prootic bone. This portion

descends along the cornu to unite with the other portion. The

two together form a membranous layer, the fibres of which run

transversely and meet in a band of connective tissue along the

middle line, forming a kind of Ihiea alla. The sheath runs for-

wards to the most projecting part of the lower jaw superficially to

the m. siihmenfalis. Slightly in front of its posterior border the

muscle is attached in its whole breadth to the skin of the throat

by a fine lamella of connective tissue, which is not always complete.

The posterior border of the muscle is attached to a fascia, which

passes between the deeper muscles and is attached to these. It is

kno^ai that this muscle plays an important part in the movements

of respiration and swallowing; bvit its precise action has not yet

been worked out.

' A second origin from the lower border of the mandible, described by Klein, is

not to be found. The appearance is due to the exit of vessels and nerves from the

groove between the mandible and the muscle.

Muscles of the lower jaw of Rana esculenta.

dm M. depressor maxillae cut through and
reflected.

l.a M. levator anguli scapulae.

l.d. M. latiss. dorsi, cut through and reflected.

VI M. masseter.

pt M. pterygoideus.

s Scapula.

s' Suprascapula.

s.c. M. sternocleidonia-stoideus.

tt M. temporalis cut through and reflected.
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18. M. submentalis (Fig*. 59 smt).

Cuvier, transversus, I. c, p. 588.— Dugès, 4, sous-mentonnier.— Zenker,
m. lingualis (incon-ectly brought into connection with m. hyoglossns).

This small muscle lies in the anterior angle of the lower jaw

between the dentary bones. It consists of transverse fibres which

Fig. 58.

Muscles of the throat, chest, and abdomen of Rana esculenta.

sm M. submaxiUaris.

sm' Hinder portion of same arising from the anterior cornu of the liyoid bone.

(For other references see page 68.)

pass from one bone to the other. Below it is covered by the most

anterior portion of the m. submaxiUaris.

Its action is to approximate the sides of the lower jaw : according*

to Dugès (/, c, p. 123), it assists in closing the nostrils, by drawing
together the sides of the lower jaw and thus raising the premaxillae.
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IV. Muscles of the Hyoid Bone and the Tongue.

19. M. geniohyoidevs (Figs. 59 cjh, 60 (jli).

Cuvier, IV, i, 536.

—

Dugès, n. 16.—Zenker, p. 30.—M. St. Ange, I.e.,

PI. XXVI,' f. I, 13, p. 423-

Arises from the lower jaw in two portions, the one from near

the middle line above the rn. svhnieiifalis, the other more externally

from the upper border of the

lower jaw. The two parts unite

to form a long-, flat muscle,

which lies on the ventral sur-

face of the body of the hyoid

bone, and divides posteriorly

into two portions. One of these,

the median (Figs. 59, Gogh"),

is inserted into the inner border

of the posterior horn of the

hyoid bone, and is here attached

to a fascia which covers the tn.

?ri/oglossns from beneath. By
the same fascia the muscles of

opposite sides are connected

in the space between the two

posterior cornua. The lateral

division (Figs. 59, 60 gl/) is

attached to the posterior carti-

laginous process of the hyoid

bone.

Muscles of the hyoid bone and the tongue of Rana
esciilcnta.

Tlie m. subraaxillaris has been removed close to

its insertion.

cm' Origin of the hinder portion of same from

the hyoid bone.

fill M. geniohyoideus.

tfh' External portion of same. '

fih" Internal portion of same.

// B( idy of hyoid bone.

H' Anterior horn.

h(i M. hyoglossiis.

oh M. omohyoidens.

ph Mm. jietrohyoidei.

sh M. sternohyoideus.

sh' External origin of same.

sh" Internal origin of same.

sm M. subraaxillaris.

sm' Origin of hinder portion of same.

smt M. submentalis.

20. M. sfer7ioJ/f/oifle7(S (Figs.

59, 60 .SÏÏ).

Cuvier, IV, i, 538 {puhio-hyoi-

deus).— Dugès, n. 17, sterno-

xiphe-hyoidien.—Zenker, p. 30.

This muscle forms the cer-

vical part of the m. rectus

abdominis and is, in fact, a direct continuation of it. It arises by

an inner portion (Fig. 59 sh") from the upper surface of the inner

extremity of the coracoid and from the xiphisternum, while the
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outer portion (.?//) is an immediate continuation of the m

ahdominis, which passes into this

muscle at about the fifth i?iscrlp~

fio tendinea. The muscle passes

forwards on the upper surface of

the coracoid and of the clavicle,

under tlie pericardium towards

the hyoid bone ; here the muscle,

hitherto horizontal, suddenly be-

comes (compare Fig". 60) ver-

tical, and passes between the

two insertions of the m. genio-

hyo'uleus, and is inserted for a

considerable length into the lower

surface of the hyoid bone and the

anterior extremity of the posterior

cornu.

rectus

21. M. owoliyo'ideva (Figs. 59,

60 nh).

Cuvier, I.e., p. 539.—Dugès, n. 18,

interscapulo-hyoidien ou omo-

hyoidien.— Zenker, p. 31.

—

M. St. Ange, /. c.

Arises from the anterior border

of the bony scapula, and is in-

serted into the outer part of the ventral surface of the body of the

hyoid : it is partially covered by the m. ftfernolii/oidens.

Muscles of the tongue and of the hyoid bone of

Rana esculetda, from below.

f/h M. geniohyoideus.

!,h' External origin ,

^^ ^^^,,^^_

<ih Internal oiigin j

// Body of hyoid.

H' Anterior cornu.

//" Posterior cornu.

A<7 M. hyoglossus.

Ii(i' Hinder origin of same. '

oh M. omohyoideus.

pli.i, 2, 3, 4, first, second, tliird, and fourth

m. petrohyoideus.

.«/t M. sternohyoideus.

22. M. jjetro////oidens cniferior (Ecker), (Fig. 61 pin).

Dugès, 10, rupéo-cérato-hyoïdien.—Zenker, m. petro-cerau.^J P- 3°-

—

Klein, basio-hyoidens, I. c, p. 71.

A thin, flat muscle, narrow above, but broadening rapidly

below, which arising" from the outer extremity of the prootic

bone, partially surrounds the pharynx below, into which some of

its fibres are inserted ; it is attached to the ventral surface

of the body of the hyoid bone, near the lateral notch. The

chief action of this muscle appears to be that of a m. consfrictor

pharyngu.



66 THE MUSCLES.

pli

Fig. 6i.

23, 24, 25. Mm. petroJii/oidei posteriores (Ecker), (Fig's. 6i

' 3. 4)-

Cuvier, »nn. sfylohyoidei, I.e., p. 537.

—

Dugès, 20, 21, 22, masto-hyoi-

deus (Fig. 4).— Zenker, pelro-hyoideus superior and inferior.—
Klein, stylo-liijoideus, I. c, p. 18.

These are three long-, thin muscles, which He nearly parallel to

one another, and rnn from the prootic bone to the posterior cornu

of the hyoid bone. All three arise,

covered by the m. sternocleidomastoi-

(leus, from the lateral extremity of

the prootic, pass round the pharynx

and are attached, the w?. petrolii/oidevs

posterior pjvimns (Fig". 6\ pk'i) to the

anterior extremity, the secundus (Fig*.

6 1 /(A 3) to the middle ; and the terthis

(Fig. 61 jjJi 4) to the hinder extremity

of the posterior horn of the hyoid

bone.

26. M. /li/ofj/ossvs (Figs. 59, 60,

61%).
Cuvier, /. c, p. 588.

—

Dugès, 24, hyo-glosse.

Arises from the bony posterior ex-

tremity of the hinder process of the

hyoid bone {lig'). The muscles of the

two sides pass forwards and converge

to the middle line, where they unite.

The azygos muscle thus formed runs

forwards on the ventral surface of the

hyoid bone, between the mm. gen'ioJi//oidei, over the anterior border

of the hyoid, and passes into the tongue, where it turns backwards

and runs to the tip. (For action, see tongue.)

Muscles of the hyoid bone of liana escx-

. Ie7itii, seen from tlie riglit side and
below.

//' Anterior cornu.

H'' Posterior cornu.

hfl M. hyoglossus.

H fi Body of hyoid bone.

ph I M. petrohyoideiis anterior.

]ih 2, 3. 4 Mm. petrohyoidei posteriores.

sm M. submaxiUaris.

sm' Hinder portion of same.

27. lif. geniorjIossn.H.

Cuvier, I. c, p. 5S7.—Meckel, /. c, IV, 339.

—

Dugès, 23, genio-glosse.

Arises above the insertion of the m. geniohyoulens on either side

near the middle line from the two anterior bones of the lower jaw.

The two origins quickly unite to form a thick, very firm muscular

belly, which in its course backwards rapidly thins, and is distrilnited

by numerous bundles ; decussating* with the fibres of the 7n. hyoglossvs

at an acute angle, it runs on to the anterior extremity of the tongue.
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II. MUSCLES OF THE TRUNK.

I. Muscles of the Abdomen.

In the formation of the abdominal wall the following muscles

take part :—(i) m. rectus ahdominis, (2) m. oU'iquus exteruus, (3) m.

ohliqiins internus, (4) the port'm abdoininalis of the m. pecforalis.

Above, the m. obliqiins Intermis forms a kind of diaphragm, partially

separating" the abdominal from the thoracic cavity (p. 70).

28. M. rectus atjâomïnis (Fig. 62 /•).

Dugès, pubio-thoracique, n. 52.

These muscles, situated on either side of the middle line of the

abdomen, are as a rule traversed by five notched 'mscripftones ten-

(lineae. Each muscle arises, by a narrow, strong tendon, from the

inferior border of the pubes, passes forwards, and quickly «àdening,

divides at the second inscripiio iendinea (counting from behind) into

two portions.

{a) The Outer portion (Fig. 62 r) runs into the port'io abdommaUs of

the m. pectoralis, and forms the greater lateral division of that muscle.

{Ij) The Inner (;•') continues as the m. rectus ahdominis and gradu-

ally narrows anteriorly. At the sternum some of the fibres (the

median) are inserted into the dorsal surface of the cartilaginous

plate of the xiphisternum, while the greater part of the muscle con-

tinues forwards over the coracoid to become the m. sternohijoideus

at about the fifth inscrlpt'w iendinea (p. 64).

29. M. ohliquus exiernus (Fig. 63 oe, oe').

Zenker, I.e., p. 31, m. ohliquus.—Dugès, dorso-sous-abdominal, n. 54.

The ni. otjiiquus exfernus arises from

—

(r/) The aponeurosis covering the long muscles of the back, and

by this from the spinous processes. The anterior edg'e of the

VI. oJjliquns exfernus covers the posterior edge of the m. lafissimus

dorsi, which arises from the inferior, ventral surface of the aponeu-

rosis. The aponeurosis also divides laterally into two parts, one of

which, the posterior, passes into the ohliquus exiernus, while the

anterior forms the tendon of origin of the dejiressor maxillae Inf.

[dm) (compare Fig. 66).

ijj) A second, narrow portion, porilo onw-ahdomlnalis (Fig. 63 oe')

F 3
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(m. xipJio-adscajmlaire, Dug-ès, n, 62), arises £i'om the posterior

border of the scapula by a thin tendon^ and becomes broader as it

Fisr. 62.

Muscles of the chest, throat, and belly of Rana escnlenta.

ch M. coraoo-hiimeralis.

d M. deltoideiis.

oi M. obliquus abdom. internivs.

oe M. obliq. abdom. externus.

oe' Scapular portion of same.

oh M. omohyoideus.
p' Port, sternalis anterior of ni. pectoralis.

p" Port, sternalis posterior of same.

//" Port. alxloniin;ilis of same.
)• M. rectus abdominis.
»•' Inner portion of same.

sh M. sternohyoideus.

sm M. submaxillaris.

sm' Hyoid origin of same.

sr M. sternoradialis.

runs downwards and backwards, to join the anterior border o£ the

other and larger portion.
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The whole muscle is attached by its most anterior fibres to the

cartilage of the xiphisternum, the rest passing- into an aponeurosis

Fig. 63.

Muscles of trunk of Rana cscitlcnta, from the right side.

cd M. ciitaiieus fenioris.

d M. deltoideus.

d.m. M. depressor maxillae.

i M. infra.spinatiis.

Id M. latiss. dorsi.

oe M. obliquus abdom. externus.

oe' Scapular origin of same.
ss M. siibscaimlaris.

t M. triceps brachii.

which, inseparably connected with the Imcrlpiiones iendineae, traverses

the lower surface of the m. rectus ahdominalis to the llnea alba.

30. M. ohVujuus internas (and transversus), (Figs. 64, 6^ oi).

Dugès, ileo-transverso-sous-sternal, p. 53.

—

Zenker, iransversus, I. c,

p. 31.—Kuhl, fransverstis, I.e., p. 116.

This muscle corresponds with the combined obliqn/is internns and

Iransversus, and has therefore been described either as the one or the

other, by various authors.

The fibres arise tendinously

—

a. From the transverse processes of the vertebrae from the

fourth backwards, and from the fascia covering the mm. mtertrans-

versarii.

b. From the iliac bone, by a strong tendon from its upper border,

and by a few weaker fibres from its outer surface. The latter fibres

are covered by the former, and these end posteriorly in a sharp

concave border.

The muscular bundles diverge from these points, some running

forwards, some backwards; the former are only partially covered

by the port'io omo-afjdoininalis of the in. oljltquus externus (compare
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Figs. 62, 63), in front of the anterior edge of that muscle. The

posterior border of the muscle is uncovered.

Fig. 64.

Second layer of abdominal muscles of Rana escuknta, from the right side and below. The
m. obliquus externus and tlie right anterior extremity has been removed.

dm M. depressor maxillae.

/((/ M. hyoglossus.

Id M. latissimiis dorsi and infraspinatus.

ot M. obUquus internus.

oi' Insertion of third portion of same.

oi" Second portion inserted into the pharynx.

pc Pericardium.

p/i-*. M. petrohyoideus quartus.

r M. rectus abdominis.

,is M. sub icapularis.

The insertions of the muscle are yery various^ and as a conse-

quence very various functions are accomplished by it.

a. The most anterior part of the muscle (Fig. 6q oi'"), the fibres

of which run forwards, is attached

—

1. Partly to the xijDhisternum and the coracoid.

2. A second portion, viz. that arising from the transverse pro-

cesses of the fourth vertebra (Fig. 64 oi"), surrounds the pharynx

like a diaphragm (Fig. 6^ oe), and is attached to its side as far as

the dorsal aspect (Fig. 6^ oi'). This portion is lightly separated

from the following,

3. A third portion, placed behind the preceding, runs from the

pharynx over the pericardium (Fig. 64 pc), and is attached to this

nearly as far as the middle line (Figs. 64 oi' and 6^ oi"), resting

on the sternum, the m. rectus and m. sterno-hyoideus. The lines of

insertion of the muscles of 02:)posite sides form an angle, ojien in

front. In the thin borders of this portion the muscular bundles lie

almost entirely in simple layers, and they are therefore well adapted

for microscopical purposes.

b. The middle and posterior j^ortions of the muscle pass down-
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wards and slig-htly backwards^ towards the outer border of the

tn. rectus; there they pass into a tendon which, for the most part,

runs on the upper surface of the rectus to the linea allja.

II. Muscles op the Back.

The muscles of the back are covered by a fascia, the fascia dor-

salis (Fig-. 66fd), attached to the spinous processes of the vertebrae.

Anteriorly, where it covers the m. temporalis, it is attached to the

frontoparietal and squamosal bones, posteriorly to the superior border

of the iliac bones and the extremity of the urostyle. The posterior part,

which covers the origins of the

m. lonr/issimits (torsi, of the m.

coccijgeo-iliacus, and of the

cocc^(jeo-lurntjaris, is especially

strong". From the anterior

part several muscles arise la-

terally, viz. a portion of the

m. otjliquus atjdoniinatis exter-

nns, of the m. latissimus dorsi,

and of the m. depressor maxillae

inferioris. In the uppermost

layer, immediately covered by

\he fascia dorsalis, lie the m.

cucullaris, the m. retrahens

scapulae, the m. latissimns

dorsi arising from the fascia

itself, and the scapula with

its muscles; then come the

long muscles of the back ; and

in the third and deepest layer

the short muscles of the back.

The individual muscles are as follows :
—

A. Limb Muhcles of the Back (for moving the shoulder-

girdle and arm).

31. 31. cucullaris (Fig. 66 c).

Cuvisr, angularis.—Dugès, n. 38, sous-occipito adscapulaire.—Zenker,

levator scapulae suhlimis.

In order to see this muscle, it is necessary to separate the fascia

dorsalis from the spines of the vertebrae and to turn it back with

the m. depressor maxillae inf. arising from it. It is then seen to

M. obliquus internus, showing its attachments

superiorly.

Xiphisternum.
Oesophagus.

Î1. obliquus internus.

Fibres of m. obliq. int., which are inserted into

the oesophagus.

oi'" Fibres of same, which are attached to coracoid

and xiphisterntim.

Pericardium.

M. rectus abdominis.
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rise fronj the posterior surface of the exoccipital as far as the

middle line ; the muscles of the two sides run backwards^ diverging-

each from the other, so as to form an angle, and are then attached

on each side to the anterior superior angle of the suprascapula at

its under surface and median border.

Cuvier considers this muscle as the analogue of the ni. levator

anguli scapulae. Dugès and Meckel consider it to be the anterior part

of the m. ciicullaris, the former thinking the posterior part of the

muscle to be the m. rhomboideiis. I cannot agree with these opinions,

and I regard the muscle as simply representing the m. cucidlaris of

man (Eeker).

32. M. latissinms dorsi (Figs. ^6, 66 Id).

Dugès, n. 66, lombo-hume'ral.

—

Zenker, depressor brachii.

This thin, triangular muscle arises from the ventral surface of the

fascia dorsalis, and is posteriorly covered in part by the anterior

border of the m. ohliqmis abdominis externus. The muscle becomes

narrower towards the sides, and passes into a flat tendon, which

blends with that of the m. infrasjAnafns, and is attached to the

Ficf. 66. outer surface of the crista

deltoidea of the humerus by

a triangular expansion.

33. M. retrahens scapu-

lae (Ecker), (Fig. 66 r).

Dugès, n. 59, lombo-adscapulaire.

— Klein, m. rlioviboideus, I. c,

]>. 26. — Zenker, omoplaleus

rectus'? p. 37, I.e.— Kuh.1, I.e.,

124, retrahens rhomboideus.

This flat, oblong muscle

arises from the transverse

process of the fourth verte-

bi'a, and is connected with

tlie third tendinous inscrip-

tion (counting' from before)

of the 711. longiss. dorsi. Pos-

teriorly its origin forms a

convex border, whence it

runs forwards and to the

side ; it is inserted into the

ventral surface of the supra-

scapula, near its inner border.

Muscles of the back and shoulder-blade.

c M. cuciillaris.

dm M. depressor maxillae arising from the fascia dor-

salis, cut through and reflected on the right side.

fd Fascia dorsaUs.

fcV Same cut through at the spines.

i M. infraspinatus.

La M. levator anguli scapulae.

Id M. T.atissimus dorsi.

r M. retrahens scai)ulae.

sc M. sternocleidomasttiideus.
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This muscle lies near the m. serralus or trausv. neap, tertius (Fig.

68 ts"), and has an analog-ous position. It would, therefore, possibly

be more correct to regard it also as a m. sermtus. It arises

from parts which represent ribs, and is inserted into the scapula.

It has^ at any rate, no analogy to the m. cuculJarh, with which

Dug-es connects it, nor with the vi. rlionihoideus, which Klein holds

it to be, as it does not arise from spinous processes.

B. Long 3Iuscles of the Back.

34. M. extensor dorsi comntimis (Fig. 67 Ig.d.).

Dugès, n. 33-40, masse des muscles surspinaux devisee en huit faisceaux

principaux: 1. vertebro-sus-occîpital, 2-5. transverso-spinaux, 6.

transverso-coccyg., 7. sacro-coccygien, 8. ileo-coccygien. The muscles

1-7 form the lombo-costal, 8 the ischicoccyg., Cuv.—Zenker, m. sa-

croliimharis.—Klein, longiss. dorsi, coccygeo-liimib., coccy(j.-iliac.

This muscular mass is covered by \hQfascia dorsalis, the m. cncid-

laris and retrahens scapula, and the suprascapula : it corresponds with

(i) the m. ileo-costalis and longissimus dorsi, dorsi and cervicis (Henle)
;

(2) the semupinalis and spinalis (Henle).

The following sej)arate portions may be made out :

—

35. (i) M. longiss. dorsi {Fi<r. 67 Ig.d.).

This muscle arises from the most anterior part of the urostyle, runs

forwards near the middle line, separated from the muscle of the

opposite side by the spinous processes of the vertebrae. The inner

portion passes over the 2)osterior spinous processes without being

connected with them, as far as the fifth, it is then inserted into the

succeeding spines as far as the exoccipital bone. The lateral portion

runs outwards and forwards to be attached to the transverse pro-

cesses and oblique processes of all the vertebrae, from the sixth

forwards, while accessory muscular slips arise from the transverse

processes and from the anterior spinous processes which, merging

in the general muscle-mass, are inserted with this into the occiput.

The muscle is subdivided by a series of wavy, tendinous par-

titions (Fig. 67), which arise from the transverse processes, and

traverse the muscle in planes, the upper surfaces of which are

directed upwards and forwards. This arrangement of the muscle

indicates its relation with the lateral trunk muscles of fish and-

fish-like amphibians.

36. (2) M. coccijfjeo-sacralis (Fig. 67 c.l^.

This muscle is partially covered by the preceding, it arises from

the lateral surfaces of the anterior half of the urostyle ; from this
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origin the fibres pass forwards and outwards to be inserted in two

portions^ the anterior set into the arch and the posterior set into the

transverse process of the last vertebra. The former may be re-

garded as m. intercrnralis, the latter as vi. iutertransversarius.

Fig. 67.

Muscles of the back and pelvic girdle of liana escuknta
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C. Short Muscles of the Back.

39. M. intertrumversarias capitis superior (Ecker), (Fig'- 67 i.c.s.).

Dugès, n. 41, ex-occipito-transversaire sup.

A small muscle arising- from the prootic : it lies above the

leraior anguli scapulae, and is inserted into the transverse process of

the second vertebra.

40. M. intertransversarius capitis inferior (Fig. .67 i.c.i.).

Dugès, n. 42, ex-occipito-transv. inf.

This muscle lies on the ventral surface of the preceding one, but

is easily separable from it ; it arises from the angle of the prootic

and is inserted, together with the preceding muscle, into the

transverse process of the third vertebra. The n. vagus passes out-

wards between these two muscles.

41. MM. intertransversarii dorsi (Fig. ôy i).

Dugès, n. 43 to 50, intertransversaires.

Seven small muscles, j^laced between adjacent transverse pro-

cesses of the vertebrae ; from the second to the last, in continuity

with the muscles last mentioned.

42. MM. intercrurales (Ecker), (Fig. 67 Ï).

Klein, p. 29, interspinales, interobliqui.

Those muscular fibres found between the arches of adjacent

vertebrae are so named. On account of the shortness of the

spinous processes they can scarcely be named m. iuterspAnales.

III. MUSCLES OF THE ANTERIOR EXTREMITY.

I. Muscles of the Shoulder-girule.

A. Dorsal Muscles of the Shoulder-blade.

(I.) Muscles arising from the head or trunk, and inserted into

the scapulae, which they act upon primarily, and upon the shoulder-

girdles secondarily.

Some of these muscles, such as m. cucullaris and retrahens, are

situated on the back, and have already been described with the

muscles of that region. Others are attached partly to the under-'

surfaces of the scapulae and are only visible from below ; they are

best seen in such a pre])aration as is shown in Fig. 68, made by
cutting through the sternum in the middle line^ and reflecting each

half outwards.
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(a) Muscles which arisefrom the skull.

43. M. levator angali scapulae (Fig-. 68 hi).

Dugès, sous-occipito-adscapulaire, n. 6o.

—

Zenker, proiractor scapulae,

PI. I, Fig. 5. — Cuvier, Leçons I, p. 379, describes this muscle as part

of the in. sevrutus anticus maynHa.

A fairly strong" muscle, which has a broad orig-in from the prootic

and exoccipital bones as far as the foramen niagnum, a few fibres

are also attached to the lateral portions of the parasphenoid. The

fibres run backwards and outwards, first in a frontal plane and

then in a sagittal plane, to be inserted into the under surface of

the suprascapula near the posterior border, where it encloses the

hinder border of the m. interscapularis.

Its action is to draw the shoulders forwards and inwards, or the

head downwards.

44. M. sternocleidoiiiastoideus (Fig. 68 sc).

Dugès, scapulo-mastoidien, 11. 65.

—

Cuvier, steruo-mastoidien.

—

Zenker,

protractor scapulae, PI. I, Fig. 5, i.

A narrow muscle placed in front of and externally to the pre-

ceding muscle ; its general direction resembles that of the w. levator

ang. scan.

The fibres arise from the most external part of the prootic and

from the hindermost part of the squamosal, under cover of the

m. digastricns maxillae, and from the hinder portion of the cartila-

ginous tympanic ring. Covered by these muscles, it passes

backwards and downwards to be inserted into the concavity of.

the anterior border of the scapula; externally to the origin of

the deltoid.

The action of this muscle is to draw the shoulder forwards

and towards the middle line, or to bend the head downwards.

45. M. protraheus scapulae (Fig-. 68 ^av).

Dugès, Zenker, ^;;o^;y/c'/o;' acromii, PI. I, Fig. 5, 3.

This muscle lies to the outer side of the rectus capitis inferior :

it arises from the prootic, and runs backwards and outwards upon the

levator anguli scapulae, to be inserted inio the scapula.

It pulls the scapula forwards.
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(b) Muscles which arise from the vertehrae.

46. M. transverso-scajnilaris major (Ecker), (Fig. 68 fs).

Dugès, transverso-interscapulaire, n. 63.—Cuvier, /. c, p. 380, probably

regarded as a portion of the serraius.—Zenker, PI. I, Fig. 5, 3 ;

depressor acromti, PI. II, Fig. 3, 15.—Klein, depressor scapulae.

This muscle arises by tendon from the cartilage of the transverse

process of the fourth vertebra and by a slip from the cartilage

of the transverse process of the third vertebra. Diminishing in

size, the muscle passes outwards, forwards, and upwards to be

inserted into the posterior border of the scapula, opposite the in-

sertion of the m. sternocleidomastoidev s. It draws the shoulder

inwards, backwards, and downwards.

47. M. transverso-scaindaris minor (Ecker), (Fig. 68 ts').

Dugès, transverso-adscapulaire, n. 61.—Cuvier, regarded as part of the

serratus.—Zenker, PI. I, Fig. 5, 7, detractor scapulae.

This is much shorter than the muscle just described; it arises

under cover of the m.

levator scapulae, from ^^'

the transverse process ^.s^^Sn

of the third vertebra

in front of the trans-

verso-sca^mlaris major
;

and runs outwards and

forwards to be inserted

into the ventral surface

of the cartilage of the

scapula. The action of

the muscle is to draw

the shoulder inwards,

backwards, and out-

wards. Dugès re-

gards this muscle as

a portion of the serra-

tus auticKS magnus, the

remainder of which

he considers is to be

found in the portio

scapularis of the m.

obliquns exfernus (xi-

pho-adscapulaire, Du-

gès, n. 62).

Mtiscles of the shoulder, from below ; the sternum has been cut

through and the sides drawn apart.

d Deltoideus

.

is Interscapularis.

it Intertransversarii.

la Lev. anguli scapulae.

ps Protrahens scapulae

.

sc Sternocleidomastoideus.

** Subscapularis.

ts Transverso-scap. major.

ts' Transverso-scap. minor.

ts'' Transverso-scap. tertius.
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48. M. transrersin-scapvlarïs tertins s. serratvs (Ecker), (Fi^.

68 U").

This is larg-er than the muscle just described ; arising by a

broad and flat origin from the transverse processes of third and fourth

vertebrae, it runs upwards and inwards to be inserted into the

ventral surface of the cartilaginous scapula near its inner border.

In position, course, and action the muscle most nearly represents the

m.. serratns anticvs of human anatomy.

(II.) Muscles on the scapula, that is, arising from the scapula

and inserted into the scapula or humerus.

(a) Muscles on flie deeper surface.

Fiff. 6o.

Miisclesof right shoulder and upper arm. The cora-

ooids (co) and the clavicles [cl) have been di'awn

apart after cutting through the sternum.

c.h. M. coraco-humeralis.

cl Clavicle.

CO. Coraooid.

d M. deltoideus.

d' Clavicular jiortion of m. deltnideus.

i M. infraspinatus.

Î.S. M. interscapularis.

l.n. M. levator anguU scapulae.

I.d. M. latissiinus dorsi.

p' sternal portion of m. deltoideus.

ji" Anterior sternal portion of the m. iiectorali?.

p'" Posterior sternal portion of the ni. jjector.ilis.

s Scapula.

s.r. M. sternoradialis.

t.r. M. triceps brachii.

49. M. interscapvlaris

(Fig. 69 i.s.).

Dugès, interscapulaire, n. 64.

One end of this muscle is

tendinous, and is attached to

the outer extremity of the su-

prascapula ; fi'om this the

muscle, becoming fleshy and

narrower, runs towards the

middle line to become at-

tached to the ridge on the

ventral surface of the scap-

ula, from which the ;//. del-

toideus and the w. svhscapularis

arise, and between which it

passes. It approximates the

scapula and suprascapula and

lessens the angle between

them.

50. M. suhscapiilar'is (Fig.

70 ss).

Dugès, sous-scapulo humeral,

n. 72.

This muscle is situated on
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the upper or visceral surface of

the scaj)ula. It arises from a

bony ridge found on the upper

surface of the coracoid and of

the j^roc. coracoideus of the scap-

ula. The muscle runs outwards

and is inserted, after widening,

into the inner surface of the

crista delto'idea of the humerus
;

it is antagonistic to the deltoid,

and draws the raised arm back-

wards and towards the trunk.

Fig. 70.

Right shoulder, from below, arm strongly

abducted.

cl Clavicle.

CO Coracoid.

d Deltoideus.

d' Clavicular portion of deltoid.

h Humerus.
ss Subscajmlar muscle.

(b) Muscles Oil Ilie superficial surface.

51. M. infraspinatus

(Fig. ^"j, between Id and

d)i/, Fig. 7 I /).

Dugès, adscapulo-hnméral,

n. 67.

The m. infrasjimatus re-

presents the VI. infraspina-

tus, teres major and minor oî

human anatomy. It is of

triangular form, with the

broad base directed in-

wards ; it arises from the

whole of the upper sur-

face of the suprascapula

except along the inner

border which is formed

of hyaline cartilage alone :

from this origin the fibres

converge outwards to a

fiat tendon which unites

with that of the m. latis-

simtis dorsi to be inserted

into the crista deltoidea hu-

meri, by means of a thin,

triangular, tendinous ex-

pansion.

Fig. 71.

Muscles of the back and shoulder.

c M. cucuUaris.

dm M. depressor maxillae.

fd Fascia dorsaUs.

fd' Fascia dorsaUs reflected.

i M. infraspinatus.

l.a M. levator anguli scapulae.

Id M. latissimus dorsi.

r M. retrahens scapulae.

sc M. sternocleidomastoideus.
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General arrangement of the muscles of the shoulder-blade.

The muscles attached to the scapula and suprascapula are :

I. Muscles of the back [m. cucuUaris and m. retrahenH scap.).

1. Muscles of the neck {in. omohjoideus).

3. Muscles of the abdomen [portio scapvlarh of the m. oblicpms

externus).

4. True shoulder muscles [in. levator angvli scapvlac, m. sternoclei-

rlomastoirhus ; in.protrahens scapulae ; mm. transverso-êcapularis major,

minor, and terf'nis s. serratus ; in. 'inter-'icapnlarls ; m. suhscapidaris
;

and the long head of the m. tricep)s).

Prom above the following" are visible : in. cncullaris, a portion of

the in. subscajjvlaris, and the transferso-scajyularis inaior.

From below (after cutting through and drawing aside the two

halves of the sternum) may be seen : the omohjoideus, sternocleido-

mastoideus, levator anynli scapulae, protraliens scapulae, transverso-

scapnlaris minor and tertius, inferscajyularis and snhscapularis.

B. Ventral Muscles of the Shoulder (Pectoral

Muscles)

These arise from the sternum or shoulder-girdle and are inserted

either into the humerus or into the radio-ulnar.

52. M. pectoraJis (Fig. 73).

This is placed on the ventral surface of the shoulder-girdle and

consists of the following parts :

(a) Vort'w stenialis anterior (Ecker), (Figs. 72, 73 i/).

Dugès, clavi-huniéral, n. 70 (port, clavic. du grand pectoral).

This is the anterior portion of the in. pectoralis, it arises from the

sternum proper and the epicoracoids. Broad at the origin, it be-

comes narrower as it runs outwai-ds into a tendon attached to the

crista deltoidea humeri.

{p) Portio stenialis posterior (Ecker), (Figs. 72, 737/').

Dugès, sterno-huméral, n. 71 (port, sternal du grand pectoral).

—

Klein,

humero-sternalh.

This miTscle is placed immediately behind the portio stenialis

anterior, it has a somewhat broad origin from the sternum and

xiphisternum ; the muscle runs outwards and slightly forwards to

be inserted into the groove beside the crista deltoidea humeri. The

tendon of the m. sterna-radialis passes between these two portions

of the m,. pectoralis.
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(y) Portio ahdominalis (Figs. ']i, 73 ^Z").

Dugès, abdomino-huméral, n. 69 (port, costal du grand pectoral).

—

Zenker, Irachio-ahdominalis.—Klein, humero-abdominalis.

This portion represents that part of m. pectoralis major of hviman

Fig. 72.

iliuscles of the chest, throat, and belly of Rana esndoda.

ch M. coraco-humeralis.

d M. deltoideus.

oi M. obliquus abdom. lntern\is.

oe M. obliq. abdom. externus.

oe' Scapular portion of same.

oh M. omohyoideiis.

p' Port, sternalis anterior to m. pectoralis.

/)" Port, sternalis posterior to same.
p"' Port, abdominalis of same.

r M. rectus abdominis.

r' Inner portion of same.

sh M . sternoh yoideus

.

sm M. submaxiUaris.

,«m' Hyoid origin of same.
sr M . sternoradialis.

G
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anatomy which arises from the costal cartilag-es, and more par-

ticularly that part which is connected with the aponeurosis of the

m. ohliquus abdominis externus. The muscle arises (i) from the

m. rectus abdominis (Fig. 72 r\ that is^ it forms a direct continua-

tion of the outer portion of this muscle; (2) the inner, smaller part

arises from the superficial surface of the aponeurosis of the 'm. ohli-

quus abdominis. The muscle becomes narrower as it com'ses out-

wards and forwards, the outer fibres being- longer and more oblique

than the inner. The action of this muscle will necessarily vary

according to the part or parts which are brought into action
;

speaking generally, the anterior extremities will be drawn down-

wards and towards each other.

53. M. coraco-humeralis (Duges), (Figs. 72, J'^cJi.).

Dugès, n. 72.—Klein, adductor humeri.

A long, narrow muscle, lying upon the posterior border of the

coracoid and the lowest part of the m. subscapular is. By its posi-

tion it corresponds most nearly with the 7n. pecforalis minor, although

its insertion does not. It has a narrow origin from the coracoid

near the sternum, whence it courses outwards, under cover of the

port, sternalis anterior and ijosterior of the m.pectoralis, to be inserted

into the middle of the humerus between the deltoid and internal

head of the trice2:)S. It draws the limb towards the trunk.

54. 31. steruoradialis (Cuvier), (Figs. 72, 73 s.r.).

Dugès, pré-stemo-clavi-radial, n. 74.

This muscle evidently represents the biceps of man, it lies in

front of the portio sternalis anterior of the m. pectoralis,. its hinder

border being under cover of the latter muscle. It takes origin from

the episternum, omosternum, and the epicoracoid ; from this broad

origin the fibres converge while coursing backwards and outwards to

be attached to a strong tendon. This tendon plays in a groove along

the crista deltoidea, and is held in position by tendinous bands

arising from the insertion of the m.. pectoralis ; it then pierces the

lower portion of the muscular belly of the deltoid, and is inserted

into the anterior extremity of the radial side of the radio-ulnar.

The muscle is a powerful flexor of the forearm.

55. M. deltoideus (Figs. 70, 72, ']'^ d).

Dugès, pré-sterno-scapulo-hiiméral, n. 68.

It is placed in front of and external to the m. sternoradialis, and

represents both the m. deltoideus and supraspinatus of man. The
muscle has two points of origin :

—
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Fig- 73-
(a) Porfio scapniaris, the

larger, external portion is

attached to the outer end of

the clavicle, and to the ante-

rior process of the precoracoid,

but it arises chiefly from the

dorsal surface of the scapula

(from the same ridge as the

m. suhscajmiaris), and lastly

from the anterior border and

ventral surface of the scapula.

The fibres pass outwards over

the shoulder-joint.

(b) Pars clavicîiïaris (musc,

cle'ido-humeralïs, Klein) arises

from the inner extremity of

the clavicle and from the omo-

sternum and joins the portio

scajmlaris.

The muscle is inserted into

the humerus, the under part

of the portio scapniaris being

attached to the upper portion

of the crista deltoidea ; the

outer fibres of this part, to-

gether with those of the pars

clavicular is, are attached to the extremity of the crista deltoidea and

to the inner surface of the humervis as far as the distal extremity;

just before its insertion the muscle is pierced by the tendon of the

m. sternoradialis. The deltoid draws the limb forwards.

II. Muscles of the Fore-limb.

A. 31uSCLES OF THE ARM.

M. sternoradialis [biceps). See page 83.

56. M. triceps brachii (Fig. 73 t.r.).

Dugès, scapulo-huméro-olecranien, n. 75.—Capes, Zen.ls.eT, m. aticonaeus.

This muscle lies on the upper or dorsal surface of the arm, and

has relations similar to those of the corresponding muscle in man.
The long head arises from the posterior border of the scapula at the

upper border of the glenoid cavity, and is here attached to the capsule

of the joint ; the inner head arises from the upper and iimer surfaces

e 2

Mwscle of x-ight shoulder and upper arm. The cora-

coids (co) and the clavicles (cl) have been drawn
asunder afler cutting through the sternum.

c.h. M. coraco-humeralis.

cl Clavicle.

- CO. Coi'acoid.

d M. deltoideus.

d' Clavicular portion of m. deltoïdes.

i M. infraspinatus.

i.s. M. interscapularis.

l.a. M. evator anguli scapulae.

l.d. M. latissimus dorsi.

p' Sternal portion of m. deltoïdes.

p" Anterior sternal portion of the m. pectoralis.

p'" Posterior sternal portion of the m. pecUiralis.

s Scapula.

s.r. M. sternoradialis.

t.r. M. triceps bracliii.
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of the anterior hali: of the humeras as far as the extremity ; the

outer head arises from the outer surface of the humerus. Additional

fibi'es, which may be regarded as a fourth origin [m. snhmiconaeus),

arise from the upper surface of the hinder half of the humerus.

The fibres from these several origins xinite to form a strong muscle,

which covers the upper, inner^ and outer surfaces of the bone, and

then passes into a tendon. This tendon is attached to the capsule

of the elbow-joint and inserted into the proximal extremity of the

radio-ulnar. A cartilage, representing the olecranon, is found in the

cajDsule at the point of attachment of the tendon.

B. Muscles of the Forearm.

(I.) Muscles of the flexor surface.

The muscles of this surface are arranged in two groups, so as to

form, at the elbow-joint, a triangular depression {plica cuhiti), into

which the tendon of the m. sternoradlalh sinks.

A. Muscles of the Inner Group.

57. M. flexor carpi I -v. radiali-'^ i^^^-

74 rr).

Dugès, sous-hmnéro-carpien, n. 83.

This represents either the flexor carpi

radialis Jongior or radiaUs brevior of man ; it

has a broad origin from the inner border of

the humerus above the epicondylus medialis.

It becomes narrower as it passes downwards

to be inserted by a tendon into the o-y

wmilunare and uaviciilare. The muscle is

much stronger in males than in females,

and the crest from which it takes origin is

correspondingly larger in the former sex

(p. 43). Tendinous fibres connect it with

the following miiscles :

—

Muscles of tlie right arm of

Raiia escule/ita.

ed M. extens. digitoruni com-
munis.

('« M. abductor digit! 1 1 longus.

Ea' M. flexor antibrachil later-

alis superficialis.

Fc M. flexor carpi radial.

Ff' M. flexor carpi ulnar.

Ed M. flexor digitorum com-
munis.

ir Tendon of tlie M. sterno-

radialis.

58. M. flexor carpi Us. ulnar i.'i (Fig.

74 Fey
Dugès, epitrochlo-carpien, n. 84.

This muscle represents the jiexor carpi

vhiaris or tdnaris anterior, and is close to

the inner side of the foreg-oing*. It arises

from the epicondylus medialis, being con-

nected by fibres with the flexor digitorum

cuuni/unls^ and is inserted into the os narlculare.
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i\

59. M.jh'xor (Ugitoriim coiniauim (Fig-s. 75, 76, 77 Fd).

Dugès, epitrochlo-sous-phalangettieu, n. 118.

This muscle lies most internally, and corresponds to the m. flexor

d'tyitorum suhlimis of man. It arises in common with the foregoing-

muscle from the epicondylm medialis, and runs downwards to the

palm of the hand. At its entrance into this it diminishes and

passes into the flat aimneuro-ns pahnarl^. (See hand, B.)

60. 21. flexor antihraclni medialls (Ecker), (Fig. 75 Fa).

Dugès, epitrochio-sous-radial, n. 79. (Frequently described as the pro-

nator rotttndus, a description which cannot be retained, as the implied

movement does not occur in the frog.—Ecker.)

This muscle lies deeply on the inner side of the forearm, covered

by the flexores carjji ; it arises tendinously from the ejjicond///ns me-

dialis and is inserted into the inner surface of the radial side of the

radio-ulnar as far as the inferior articu^lar extremity.

61. M. flexor aniihrachii laferalis -s/'-

perflcialis (Ecker), (Figs. 74, 75 Fa').

Dugès. premier ex-humero-radial, n. 76.

i^Usually described as supinator lonffiis,

this, for reasons similar to those in the

case of m. Jie.vor aiiiihrackii mediallx,

cannot be retained.)

The situation of this muscle corresponds

with that of the -siipinafor longus of man
;

it lies to the outer side of the tendon of

the Til. sternoradkdh, and arises by two

heads, the one, above from the outer edg'e

of the humerus, the other deeper from the

epicondylvs laieralh. They unite and pass

into a tendon which, running- over the

lower articular extremity of the radio-

ulnar, is partly attached to the carpus and

partly connected with the tendon of the

m. extensor diglt'i IIjjroprins longus. From
its position and insertion, this muscle

evidently flexes the forearm and extends

the hand.

62. 31.flexor antibracJni laferalisprofIInd IIS (EicVev), (Fig. 75 Fa").

Dugès, epicondylo-sus-radial, n. 78 Klein, Jiexor antihrncliii. {Sa-

pinat. hrevi» aott.)

This muscle arises under cover of the foregoing, from the epicou-

di/lus lateralis of the outer surface of the humerus, it becomes

iluscle.s of the riglit arm <if liana

escuknta, deep layer.

cd Extensor digit, communis.

Fa Flexor antibraohii medialis.

Fa' Flexor antibraeliii lat. super

ficialis.

Fa" Flexor antibr. lat. profundus.

Fc Flexor carpi radialis.

Fc' ï'iexor carpi ulnaris.

Fd Flexor digitorum communis.
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broader and is inserted into the whole length of the lower (volar)

ridge of the radio-ulnar. It is a powerful flexor of the forearm.

(II.) Muscles of the extensor surface.

63. M. exteusor digitorum communis longus (Fig. 75 ecV).

Dugès, huméro- sus-digital, n. 95.

This muscle lies on the outer border of the forearm ; it arises in

common with the short head of the flexor antibr, lateralis superfici-

alis from the epicond)jliis lateralis, and from the surface above it ;

it runs downwards along the outer side of the forearm, in order to

pass into an aponeurosis on the back of the hand, which expands

upon the third, fourth, and fifth fingers, and ends between them in

a free concave border. This aponeurotic expansion is connected

with the tendons of the extensor brevis digitorum.

63*. M. abductor digiti II [i. e. j^ollicis) longus (Fig. 74 ei).

*Dugès, cubito-métacarpien, n. 87.

This muscle lies between the foregoing and the jiexor antibrachii

lateralis sujoerjicialis, and appears superficially in the interval between

Fig. 76. them. It arises from the lateral surface of the

radio-ulnar, and runs obliquely over the m. jiexor

antibracJiii lateralis jprofundns and the hinder

extremity of the radio-ulnar towards the second

finger into the metacarpal bones of which it is

inserted.

64. M. extensor carin ulnaris s. ulnaris post.

(Fig. 76 ec).

Dugès, epicondylo-sous-carpien, n. 85.

—

Klein,

abductor carpi intermix.

This muscle has a somewhat narrow origin

from the epicondylus lateralis ; during its course

through the forearm, where it lies between the

mm. ancoîiaei on the one side and the extensor

digitorum communi on the other, it becomes

broader and is inserted into the outer surface of

the carpus in the following manner. By one

tendinous slip it is attached to the palmar

border of the os pyramidale, by a second slip

to the outer border of the os capitato-hamatum.

This latter slip is usually connected in its dorsal portion with the

extensor digitorum communis brevis.

Mnscles of forearm of

Rana esculenta, dorsal

view.

aa M. anconaei.

ec M. extens. digit.

communis.
Fd M. flex, digit.
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65, 66. M. anconaei s. extensores antibracJtii (Fig*. 76 aa).

Dugès, epicondylo-cubital and epitrocUo-cubital, n. 80, 81.

Both these muscles lie on the extensor side of the forearm ; they

spring", the one from the ep'iconclylus lateralis, the other from the

epicondylus medialis ; converging-, they run downwards, enclose the

olecranon, and are inserted into the upper (dorsal) border of the

ulna, each forming a penniform muscle. They are extensors of the

forearm and assist the m. fricejw.

C. Mi'SCLES OF THE HaXU.

(I.) Muscles on the palmar surface,

(i) Muscles common to all the digits.

67. 3L flexor diffitoruin commmm and «?. pabuaris Lrevis (Fig.

The origin and course of this muscle has been described above.

At its entrance into the palm it suddenly diminishes in size and

passes into a triangular aponeurosis, apotieurosis palmaris. Into the

outer border of this aponeurosis is inserted the m. pahnark lrevis

(Fig. 77 ph) ; this latter muscle arises from the posterior or ulnar

border of the lower extremity of the radio-ulnar below the insertion

of the mm. anconaei, and runs obliquely downwards to this insertion.

From the lower free border of the aponeurosis a number of

muscles arise which will be described with the rest of the digital

muscles.

(2) Muscles of the rudimentary thumb.

68. M. ahductor pollicis (Figs. 77, 78 ap).

Dugès, cubito-poUicien, n. 100.

This short muscle arises from the upper border of the lower

extremity of the radio-ulnar, passes transversely outwards, and is

then inserted into the anterior border of the rudimentary thumb.

69. J/, adductor ]ioUicis (Figs. 77, 78 ad.p).

Dugès, sous-carpo-pollicien, n. loi.

This lies more superficially than the last, it arises from the

palmar surface of the os capitato-hamatum, and is inserted together

with the abductor pollicis into the thumb. Several fibres of the

extens. dig. II brevis are also inserted into the thumb. As this

member is completely covered with skin, the motions of which it

is capable are very limited.
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(3) Muscles of the second finger, which serves the purposes of a

thumb.

70. M.jiexor digiti 11 longus s. subliviis (Fig. T] fl).

Dugès, sous-carpo-phalangettien de l'index, n. 133.

This is a flat muscle, which arises for the most part by fleshy

fibres from the hinder free border of the aponeurosis pahnaris, also

Fig. 78.

Muscles of hand of B,ana esculenta, volar

surface, larger than nature.

A Aponeurosis palmaris.

«65 M. abductor dig. V primus.
065' M. abductor dig. secundus.

ac MM. anconaei.

adp M. adductor poUici».

ap M. abductor poDicis.

ec M. extensor digitorum communis.
M. extens. dig. commun, brevis.

M. flexor dig. II longus.

M. flexor dig. Ill longus.

M. flexor dig. IV longus,

M. flexor dig. V longus.

M. flexor dig. II brevis.

/I3 ajaiifb^' MM. flexores dig. Ill breves,

/64 and/64' MM. flexores dig. IV breves,

y65 M. flexor dig. V primus.

M. flexor digitorum communis.
M. opponens.

M. palmaris brevis.

First finger, rudimentary thumb.
Second finger, functions as thumb.

«•5

/3

/4
/5
fl2

fd

pb
1

II

Second layer of muscles on volar surface of

hand of liana esculenta, larger than nature.

065 M. abductor dig. V primus.

«65' M. abductor dig. V secundus.

adz M. adductor dig. II.

ad.p M. adductor pollicis.

(cp M. abductor polhcis.

ec M. extensor carpi.

M. flexor dig. II brevis.

M. flexor dig. II tertius.

MM- flexores jjroprii phalanguni.

/62
fbz

fP
»3

H
m'
'5

. MM. interossei volares.

M. opponens dig. II.

M. opponens dig. V.

MM. transversi metacarjti.

as in Fig. 77.

III-V Third to fifth fingers.

by a smaller part from the palmar surface of the os capilaio-

liamatuw. It quickly passes into a thin long' tendon which is

inserted into the terminal phalanx of the thumb (second finger).
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71. M.jiexor âujïtl II brev is s. pvofiindim (Fig-. ']'] fOz).

Dugès, sous-carpo-phalaugien de l'index, n. 102.

This flat muscle^ covered by the preceding-, has a tendinous origin

from the pahnar surface of the os cajjifato-Iiainaf^oii, together with

one head of the jlexor suhlims, and is inserted into the basal

phahxns.

72. BLjle.ror dujlti II tertius (Fig. 78 /J2').

Dugès, tendini-phalangien de l'index, n. 103.

A smallj thin muscle which arises close to the foregoing from the

OS capitato-Jianiatum, and is inserted into the basal phalanx (see

below, m. iuterossem rolarix I).

IZ. M. adductor dujlti II {Fig. 78 adz).

Dugès, métacarpo-uiétacarpien de l'index, n. 90.

This muscle represents the adductor poUicis of man ; it arises from

the base of the third os metacarpal and is inserted into the metacarpal

of the second finger, which latter it draws towards the third finger.

74. M. opjjoneus dlrjiii II (Figs. 77 and 78 0).

Dugès, sous-carpo-métacarpien de l'index, n. 90.

This muscle represents the muscle of like name in man. It arises

from the palmar process of the os capitato-hamatum by a narrow

tendon and passes into a broad, flat muscle, which is inserted into

the under surface and outer border of the metacarpal of the second

finger throughout its length. It has, undoubtedly, the same action

as the corresj)onding muscle in man.

(4) Muscles of the third finger.

75. M. flexor digiti III longus s. sublhiiis (Fig. ']'] f'^)-

The smaller portion of this muscle arises from the free border of

the aponeurosis palmaris, the chief portion, together with the jîexor

brevis, from the palmar surface of the 0* cajntato-haviatum. The
two portions pass into one long tendon, which is inserted into the

last phalanx.

76. 77. MM. jlcxores digiti III breves s. ^rrofundi I, II (Fig.

11fH andA3').
Dugès. tendini-phalangiens du médius, n. 104, 105.

These two muscles arise in part from the free border of the apo-

neurosis p)alinaris., in part fi'om the volar surface of the os capitato-

Jiamatnm, and pass backwards on either side of the muscle last

described, to be inserted into the basal phalanx. Dugès regards

these as analoo-ues of the mw. bimJjrica/cs.
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78. M. jlexor metacarpi dig. III.

This is a somewhat strong muscle, which arises by fleshy fibres

from the palmar surface of the os capitato-hamatum, and is inserted

into the palmar surface of the metacarpal bone.

(5) Muscles of the fourth finger.

79. M. flexor digiti IV longus s. snhlimis (Fig. 77/4).

It arises at the free border of the aponeurosis palinaris, and is

inserted into the terminal phalanx by a thin tendon.

80. 81. MM. jiexores digiti IV breves s. profundi I, II (Fig.

77/^4 and/V).
Dugès, tendini-phalangiens de l'annulaire, n. 108, 109.

Dugès regards these also as analogues of the m. Imnhricales ; they

arise on either side of the foregoing muscle from the free border of

the aj)onenrosis palmaris, and are inserted by tendons into the basal

phalanx.

82. M. flexor jM'oprius j^halanguin. dig. IV (Fig. ySfp).

Dugès, phalango-phalangien, n. 115.

A small muscle which arises by two slips from the palmar surface

of the basal phalanx, and is inserted into the base of the middle

phalanx.

83. 31. flexor metacarpi dig. IV (Fig. 78 /4).

This somewhat strong muscle arises from the os capitafo-//amatum,

and is inserted into the palmar surface of the metacarpal bone.

(6) Muscles of the fifth finger.

84. M. flexor dig. V long tes s. SJihlimis (Fig. 77/5).

This corresponds exactly with the corresponding muscle of the

fourth finger.

85. M. flexor dig. V hrevis (Fig. 1"] fb^).

This muscle arises from the free border of the aponeurosis and

is inserted into the basal phalanx.

86. M. flexor projirius joàalangum dig. F (Fig. y^fp).
Dugès, phalango-phalangien, n. 17.

It corresponds exactly with the corresponding muscle of the

fourth finger.

87. 31. opponens dig. V (Fig. 78 0').

Dugès, deuxième sous-carpo-métacarpien du digitule, n. 92.

This muscle has a narrow origin from the palmar surface of the



MUSCLES OF THE ANTERIOli EXÏEEM1TY. 91

OS capliato-liamatum, it widens and is inserted into the outer border

of the metacarpal of the small finger. It draws this finger towards

the thumb.

88. M. abductor dig. Vprimus (Figs. 77 and 78 ah^).

Dugès, sous-pyro-pré-métacarpien du digitale, n. 93.

This muscle arises from the palmar border and the outer surface

of the OS -pyramidale, and is inserted into the basal phalanx by a

thin tendon.

89. M. abductor dig. V secundus (Figs. 77 and 78 ab^'\

Dugès, sous-pyro-post-métacarpien du digitale, n. 94.

It arises from the posterior part of the os pp-amidale, is short,

and is inserted into the outer side of the metacarpal.

(II.) Muscles on the dorsal surface.

M. extensor digitorum communis longus (Figs. 75 ed and 77 ec).

90. M. extensor digitorum commmiis Irevis (Fig. 79 e-^, e^, e^).

Dugès, sous-pyro-phalangettien du III, IV, V, n. 124, 128, 131.

Covered by the foregoing, this muscle arises from the os pyra-

midale in conjunction with the extensor jpollicis and from the os

capitato-hamatum. The part destined for the third finger, together

with that for the fourth, arises from the os pyram.idale, passes

obliquely backwards into a tendon which runs along the inner side

of the corresponding finger to be inserted into the last phalanx.

That for the fifth finger arises from the inner projection of os

caintato-hamatum beuig* here attached to the insertion of the m. ex-

tensor carpi idnaris, and is inserted in a similar manner into the

terminal phalanx of the fifth finger.

91. M. abductor digiti II (i. e. polUcis) longus (Figs. 74 ei and

79 ab.%).

For the origin and course of this muscle in the forearm see

No. 63. The muscle passes obliquely over the wrist-joint from

the little finger towards the inner side and from before backwards,

it is inserted into the metacarpal of the second finger (thumb).

The place of insertion of this muscle into the metacarpal (compare

p. 47) is, in the males, developed into a ridge and process, the

muscle itself is enlarged during the breeding season. This muscle

abducts the thumb and by this means presses upon the chest of the

female when clinging to her.
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Fk

92. M. exfeiiwr (Viyiti 11 proprUiH loiujus (Fig-. 79 cl, ci').

Dugès, cubito-radio-sous-phalangien de l'index, n. 96.

This muscle lies obliquely on the Lack of the hand, parallel

with the ;//. ahdia-ivr digifl II. It

arises by two heads, one from the

tendon of the flexor aullbr. lai.

Huperf. (n. 60) upon the hinder ex-

tremity of the radio-ulnar. This

tendon conceals the hinder end of

this bone by means of a patella-like

thickening", and sends forth three

tendinous prolongations ; of these,

the one is attached to the ulnar

border of the radio-iilnar, the second

to the OS naviculare, while the third

constitutes that portion of the ;//.

extens. dig. II propria^ lony. which

is under consideration. The second

head arises from the os pyramidale

in connection with the exiensor digi-

torum coiiiiiuiniis hrevu (n. 90). The

heads unite to form a long muscle,

brevis.

M. extensor carpi ulnaris.

M. flexor antibr. lat. superficial.

MM. interossei.

Muscles of hand of liana escuhiita. Doreal

view, twice natural size.

1/6.2. M. abductor dig. II longiis.

«6.2' M. abductor dig. II brevis.

adz M. adductor dig. II.

'^,
I M. extensor dig. II longus.

('2 )

'•4

^^^brevis"^"'
digitorum conununis ^hich ruus oblifjuely towards the

'L M. extensor dig. II proprius
«^^'ond finger, passcs iuto a tendon,

which, after forming connections

by some muscular fibres with the

metacarpal, is inserted into the ter-

m's '
. „. minal phalanx.

II-V as ni tig. 77.
^

83. 31. extensor dig. II proprius brevis (Fig. 79 ehi).

Dugès, su.s-luuo-phalangettien de l'index, n. 120.

This muscle lies between the preceding muscle and the abductor

dig. II longus. It arises from the 0^ naviculare, and also includes

some fibres which arise from the second metacarpal. The tendon

runs along the radial side and is inserted along with the last

muscle into the terminal phalanx.

94. 3[. abductor dig. II brevis (Fig. 79 ab.z').

Dugès, .su.s-luno-nictacarpien de l'index, n. 8S.

This represents the atjduct. pollic. brevis of man, lies on the outer

side of the hand, arises from the os naviculare, and is inserted into

the second metacarpal.
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95. j\I. extensor diy. Ill pro/jrius.

Dugès, sus-luno-phalangettien du médius, n. 12 2.

This muscle has two heads of orig-in, from the os naviculare and

lunatum. These form one musenlar belly, which rapidly diminishes

and passes into a tendon ; this, after receiving- a few muscular

fibres from the second metacarpal, runs to the outer part of the

dorsal surface of this fing-er as far as the terminal phalanx, where it

is inserted.

96. il/, extenmr (Jig. IVxiropriuH.

Dugès, sus-pyro-phalangettien de l'annulaire, n. 128.

By a somewhat broad base, this muscle arises from the oh navi-

culare and hmattmi. The tendon receives fibres from the fourth

metacai-pal and runs on the outer half of the dorsal surface of this

fing-er as far as the middle phalanx, where it is inserted.

(III.) MM. inferosHei.

97. 98. [a.] MM. IranHversi mctacarpi (Ecker), (Fig. 78 I, t', a(h).

These lie transversely between the metacarpals. There are three
;

the first has been already described as ni. addnclor (VkjUI 11 (n. 73);
the second is stretched between the third and fourth metacarpals,

and the third between those of the fourth and fifth fing-ers.

99, 100. 101. [b.] M3I. intero-^Hei volareK.

One may reg-ard as such, four long-, thin muscles, which take

orig-in near one another on the palmar surface of the carpal bones,

and diverg-e from this towards the second and fifth fing-ers.

1. The first of these muscles (Fig-. 78/^2') has already been

described above as the m. flexor digiii 11 tert'ms (n. 72).

1. The second (Fig-. 78 ^3) passes from the orig-in already de-

scribed to the palmar surface of the basal phalanx of the third

fing-er.

3. The third (Fig-. 78 iâ^) runs, in like manner, to the fourth

finger.

4. The fifth (Fig. 78 is) to the fifth finger 1.

102 to 108. MM. interossei dorsalen.

These arise in common from the metacai-pals, and are inserted

into the basal phalanx of the corresponding surface on the finger.

' Whether these muscles may be regarded as mm. interosi'ei is open to discussion,

.as they appear to act more as mm. opponente-i.
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1. The tldnl finger has two^ one to the radial side (Fig-. 79 i'-^,

one to the ulnar side.

2. H\\Q,fourth finger has three, the third (Fig. 79 i'4) arises from
the eai-puSj and perhaps ought rather to be regarded as an extensor.

3. ^heffth finger has two.

IV. MUSCLES OF THE HINDER LIMB.

I. Muscles of the Thigh.

General arrangement (Figs. 80, 81).

a. The in. tricepsfemoris forms the outer border of the thigh, and

extends on to both the dorsal and ventral surfaces. The outer

border therefore corresponds with the anterior surface of the thigh

of man^ in consequence of the thigh in the frog being normally

rotated outwards.

b. The m. vastus intermis (v. i.) and a portion of the adductor longus

{ad'), the sartorius {s), a portion of the adductor magmis {ad"'), and

the rectus intermis major {r. i') are found on the imier surface of the

thigh.

c. The rectus intermis minor {r.i") forms the imier border.

d. On the dorsal surface are to be seen, nearest the trunk^ the

glutaeus {gl), on the outer border the vastus externus {v. e.), the j)?/ri-

formis and bicej)s {p and b), then the sonimemlranosus {sin), and lastly

the rectus intermis minor {ri").

e. By reflecting th,e rectus internus major (compare Fig. 83) there

are exposed to view : the semitendinostis {st), the whole length of

the adductor longus, magnus {ad' and ad"'), and hrevis {ad"). By re-

flecting the triceps, one sees (Figs. 84, 85) the ilio psoas [iji), and

beneath the semimembranosus, the quadratus {qf), and capsularis

femoris {og).

Description of tlie separate Muscles.

(A.) Muscles of the dorsal surface.

109. M. glutaeus (Fig. 80 gl).

Dugès, ex-ilio-trochantérien.—Zenker, ghitaens maior.

The tendinous origin of this muscle is found on the outer surface

and upper border of the two hinder thirds of the iliac bone. Thence

it runs outwards and backwards between the head of the m. vastus

externus {ve) on the one side, and the ilio-psoas and rectus anticus {ra)
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on the other, to be inserted Fig. 80.

into a tubercle (trochanter)

of the femur.

110. M. Pi/riformis (Fig.

807.).

Cuvier, pyramidaL

—

Dugès,

coccy-fëmoral, n. 136.

A narrow, slender muscle,

arising- from the apex of the

coccjrs; it passes obliquely

outwards and backwards to

the thigh, to be inserted deep-

ly between the m. vastus exter-

mis and the biceps, into the in-

ner surface of the femur, but

towards the ventral surface.

M. tricepsfemoris s. exten-

sor cruris communis (Fig. 80).

Dugès, pelvi-fémoro-rotulien,

n. 145, 146, 147.

This is a large, strong

muscle, having three heads

of origin, and inserted by a

tendon into the tibio fibula.

The three heads are the caput

longum or the rectus femoris

anticus (r.a.), the cap7d exter-

num or the vastus exterims {v.e}j,

and the caput intermim or the

vastus interims (Fig. 82 vi) ; of

these, the first is situated

on the outer border of the

thigh, the second on the dor-

sal surface, and the third on

the ventral surface.

111. [a.] M. rectusfemoris

anticîùs (Figs. 80, 82 ra).

This arises from the under

(ventral) surface of the iliac

bone about its middle and
beneath the m. glntaeus. The muscular belly quickly passes into

Muscles of left tliigh of Rana esciilenta. Dorsal view.

b M. biceps.

ci
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an aponeurosis, which covers the other two muscular masses and

combines with their tendons.

112. [b.] M. vastus externus (Fig. 80 v.e.).

It arises from the upper and hinder extremity of the iliac bone

(Fig". 43 W) behind the glittaeus, which here sinks in between this

muscle and the rectus anterior.

113. [c] M. vastus interims (Figs. 81, 82 ri).

It arises from the whole of the under and outer surfaces of the

hip-joint capsule, and from tendinous slips which pass from this

capsule downwards on the under surface of the muscle, (from the

pubis and the femur I have not seen any fibres of origin, as stated

by others). Anteriorly the vastus may easily be separated into two

heads. The two vasti unite and form one muscular belly, in the

formation of which, as above stated, the rectus anticus takes no

part. This united muscle passes into a tendon which, without the

mediation of a patella, passes over the knee-joint to be inserted into

the anterior extremity of the tibio fibula, and is prolonged into the

fascia of the leg.

114. M. iUo-fihularis s. lAceps (Fig. 80 h).

Dugès, ilio-péronien, n. 149.—Zenker, flexor externus tibiae, p. 42.

This is a long-, somewhat narrow muscle, which lies to the inner

side of, and partly covered by, the vastus externus, between which

and the semimembranous it is placed. It arises by a tendon between

the ilio-psoas and piriformis from the ilium above the acetabulum

and behind the origin of the vastus externus. From here it passes

backwards, separated from the vasttis externus by a strong ligam.

interinusculare. On the inner side of this muscle, between it and

the m. semimembranosus, nui the vessels of the thigh and the N.

ischiadicus. The muscle then divides into two portions, of which

one is inserted high up on the inner and under surface of the

femur. This is probably the muscle which Klein
{J.

c, p. 61)

describes as the extensor brevis. The other long muscular belly

passes into a thin tendon, opposite the hinder extremity of the

thigh, it divides into two portions ; the anterior is inserted into

the dorsal surface of the hinder extremity of the femur, the other

into the dorsal surface of the tibio-fibula. Between the two is

stretched an arch with the concavity outwards. This insertion of

the biceps is covered by the stronger tendon of origin of the vi. gas-

trocnemius (compare Fig. 87).
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115. M. semmemhranoms (Fig-s. <So, 86 ,S7;/).

Dugès, sus-ischio-poplité, n. 148.—Klein, p. 60, extensor fonoris

snhlimis.

This muscle lies on the dorsal surface of the thig-h^ to the inner

side of the biceps and pyriformu : it is a broad muscle, which takes a

tendinous origin from the hinder and upper angle of the syrnphysm

omis ilei, and is inserted by a flat tendon into the dorsal surface

of the ligaments of the knee-joint, and through these into the

tibio-fibula. The tendon is formed rather abruptly from the muscle,

and is surrounded (Fig. 86) by the concave arch, which forms

the tendon of origin of the yadrocnemms [q. v.). A little behind

its middle (compare Fig. 81) the muscle is divided -obliqiiely into an

anterior and a posterior portion by an aponeurotic septum. As

all the fibres are interrupted by this structure, the muscle may
very easily be torn through.

(B.j Muscles on the ventral siu-face.

116. M. mrtvrius (Figs. 81, 82 s).

Dugès, sous-iléo-tibial, n. 150.

—

"Klein, gracilit.

This long, flat muscle lies along the middle of the ventral surface

of the thigh ; it arises by a tendon from the anterior inferior angle

formed by the symphysis of the innominate bones, and ter-

minates in a tendon behind the knee-joint, forming a kind of

pes anser'mns in the fascia of the leg, similar to that of the semi-

tendinosus ^.

117. M. rectus intermis major (Ecker), (Figs. 81 ra, 82 )'i').

Dugès, post-ischio-tibial profond, n. 152.

—

Klein, semimembranosus.

This is a broad and flat muscle, thinned out at either extremity
;

it occupies the inner half of the ventral surface of the thigh, and is

in relation with the achhicfor magnus externally and anteriorly, with

the sartorlus posteriorly, and the rectus minor muscle internally.

The muscle arises by a tendon from the pubic symphysis ;

it covers in its course the sen/itendinosns, then passes into a

strong tendon, which blends with the tendon of the rectus

minor, to be inserted by a slip into a process of the tibio-fibula

representing the tnljerositas tibiae, first passing between the ten-

dons of the sartorins and semimembranosus, which here form an

aponeurotic arch; a second slip passes under the tendon of the

' The sartorlus has lately been used by Kiiline in his researches on the nerve-

endings in muscle and on muscle contraction without nerve supply (du Bois-Key-

mond's and Eeichert's Archiv, 1859. Page 314).

II
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Fig. 8i.

ud"

Muscles of left thigh of Ra«a esculcnta. Ventral surface.

ad' M. adductor longiis.

ad" M. adductor brevis.

ad"' M. adducU)r magnus.

t.c. M. extensor cruris.

f.t. M. flexor tarsi.

q.c. M- gastrocnoniius.

V'.i' M. rectus internus major.

r.i" M. rectus internus minor.

g M. sartorius.

t.a. M. tibialis anticu8.

t.p. M. tibialis posticus.

vi. M. vastus internus.

,11. ftemHewVnio-wfi to

be inserted into the

upper surface of the

tibio-fibula, under it

passes the N. tibialis.

A third thread-like

tendon passes to the

///.
semiwenihranosvK.

Somewhat behind its

middle (Pig-- H2) the

muscle is traversed by

an hiscripfio tendinea,

by which the whole of

the fibres are inter-

rupted.

118. M. rectus in-

termix mhior (Ecker),

(Fifçs. 80, 81 '/•./')•

Dugès, post-ischio-tibial

superficiel, n. 151.

Zenker, /e.r-or tibiae

viagnus.—Klein, is-

chio-tihiaJh.

Situated entirely on

the inner surface of

the thi£?h, this narrow

muscle arises by a

tendinous band which

runs the whole len^-th

of the pubic symphy-

sis, and is connected

posteriorly with the

sjàhicter ani, anterior-

ly with the rertta

atjdomhm ;
posteriorly

it passes into a thni

tendon which is also

connected with the

muscle just described

(117). In its course
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this muscle is attached to the skin by strands of vessels and con-

nective tissue.

The vastus internus major and minor together undoubtedly

correspond with rectus internus or gracilis of human anatomy.

The rectus internus major is, however, reg'arded as corresponding

with the adductor magnus b}* Duges, and with the semimembra-

nosus by Klein ; by considering the position and attachments of

these muscles one must arrive at a different conclusion.

M31. adiJxidoresi femnn-t.

119. [a] M. a(hhiofor longue {¥'\^. Fig. 82.

82 a<r).

Dugès, sous-ilio-fémoral, n. 141.

Without further dissection this

muscle is only partially visible be-

tween the ;//. sartoriu^ and vasfns

internus (Fig. 81 ad'). The muscle

is flat and long, and arises by a

tendon from the anterior inferior

angle of the pubic symphysis (Fig.

42 *), partially eoyered by the

origin of the sartorins. Thence the

muscle passes between the vastus

hitemus and the adductor magnus^

and finally is inserted below the

middle of the femur, together with ri

the latter muscle.

120. [b] J/, adductor tnagnus

(Figs. 81, 82 ad'").

Dugès, sous -ischio-pubi- fémoral (ad-

ductor I and 2), n. 142, 143.—
Klein, adductor magnus and ex-

tensorfemoris profundus.

This muscle is visible between the

sartoriu-s and rectus nitemus major

in the anterior half of the thigh,

posteriorly it is covered by these

muscles. It arises by a tendon

from (a) the pubic symphysis and

iscJiii, and is in this position divided into two portions, between

Muscles of the left thigh of Rana esculenta.
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which passes the tendon of one head of the 7n. semitendinosus (Fig.

83 st'')
;

[h) a second part arises from this same tendon (Fig-. 83 sf^')

and joins with the first part. Thus formed the muscle passes to be

inserted into the distal half of the inner surface of the femur as

far as the condyle. Near its hinder extremity, however, it passes

on to the dorsal and outer surfaces, and thus forms a kind of

muscular sheath surrounding- the distal portion of the bone.

and

121. [c] M. addncior Irevis (Fig-s. 81, 83 ad"),

122. [d] 31. pecthmis (Fig. 83 i^e).

Dugès, sous-pubio-femoral (analogue of the pectineus, possibly of the

add. brevis also).

These two small muscles which lie under cover of the sartorins, adduc-

tor longns and magnns,
Fig. 83.

Dee]) muscles of left thigh of Raiia escuknfa.

acV M. adductor longus.

ad" M. adductor brevis.

ad"' M . adductor magnus.
ip M. ilio-psoas.

pe M. pectineus.

ra M. rectus anticus,

ri' M. rectus internus maior
ri" M. rectus internus minor
« M. sartorius.

St Belly of m. semitendinosus.

St' M. semitendinosus (cap. posticum).

si" M. semitendinosus (cap. anticum).

St'" Fibres passing into the adductor magnus.
ri M. vastus intern\iM,

. cut through.

appear externally as one

muscle, bu^t may easily be

separated (Fig. 83). They

arise close together from

the pubic symphysis, and

are inserted into the

inner surface of the an-

terior half of the femiu*.

They are not attached to

the adductor magmis.

123. M. semitendinosns

(Fig. 83 St, sf, stf'y

Dugès, bis - ischio - tibial,

11. 153. — Zenker, li-

reps.

This is a long thin mus-

cle, only visible after re-

moval of the w. rectus

internus, by which it is en-

tirely covered. It arises

by two long thin tendons,

one {cajmt posticnm, st')

from the pubic symphysis,

the other (caput anticum,

st") from the hollow be-

tween the symphysis and

the acetabulum. Thelatter
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passes throug'li a slit in the adductor magnus, and so affords this

muscle another point o£ origin; then backwards between the

adductor magnum and the rectus internus vmjor and under the lower

third of the thig-li^ and unites with the posterior head of origin. The
muscle so formed passes into a thin tendon, and, together with that

of the sartorius, forms an aponeurotic arch, connected with the fascia

of the leg, under which the tendons of the rectus internus major and
minor pass.

(C.) Deep muscles of the thigh.

To these, in addition to the adductor Ijrevis, pectineus, and the

portion of the bice_[)S already described, belong also the following :

124. M. ilio-psoas (Figs. 83, 83, 84 ip).

Dugès, intra-ilio-fémoral
(^
= iliacus and ysoas).— Cuvier, Zenker,

Klein, iliacus internus.

The fibres of this muscle take a broad origin from the pelvic

surface of the ilium, pass outwards over the lower margin of the

Fiff. 8:

Deep muscles of tlie left thigh ot Kana
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covering" the hinder part of the 7)i. glidaean^ and is inserted into the

outer surface of the middle third of the femur.

125. M. quailratiisfemons (Fig\ 84 qf)-
Dugès, post-ilio-fémoral (Homologue of the ^?((<«t'«« maximus), n. 197.—

Zenker, glataeiis minor, p. 42.

This muscle is of a somewhat elongated, triangular shape, and

arises, under cover of the pp-/form is, from the ilium behind the ace-

tabuhun ; it passes backwards over the joint to be inserted into the

inner and under surfaces of the femur, between the pyriformis and

ilio-psoas ; below, it is in direct relation with the adductor brevis.

126. M. ohturatorius (Fig-s. 84, 85 og).

Dugès, ischio-pubi-fémoral, n. I39(^).—Zenker, m. capsularisfemoris.

This small muscle is deeply situated upon the hip-joint, and

covered by all the other muscles that arise from the symphysis. Its

origin from the innominate bone extends from the superior posterior

angle of the si/mph. ossis illl to about the middle of the pubic sym-

physis ; the muscle fills the sj)ace between the crest of the sym-

physis and the acetabulum. The fibres converge to pass into a

strong" tendon, which is inserted into the posterior and anterior

surfaces of the head of the femur. The muscle appears to represent

collectively the small rotators of human anatomy, ;//. obturator ex-

ternum and internas and the genielli.

II. Muscles of the Leg.

General description.

On the outer siirface (the anterior of man), covered by the fascia

cruris, into which the tendon of the extensor communis cruris or

triceps is prolong-ed, are found the following" muscles : nearest to the

bone, the ;«. extensor cruris brevis {ec) ; externally, the m. tibialis

anticus {ta) and the m. peroneus (pe). On the inner surface (the

hinder of man) lie the gastrocnemius (gc) and titAalis posticus {tp), and

deeply the jlexor tarsi sup. (ft).

127. 31. gastrocnemius (Yiga. 80, 8r, 86).

Dugès, bi-fémoro-plantaire, n. 159.

This important muscle arises by two tendinous heads. The one

(Fig. 86 //) rather nearer the middle line of the popliteal space, is

by far the stronger : it arises by a broad, tendinous expansion,

which covers the knee-joint, and is attached to the femi^r and the

tibio-fibula by anterior and posterior bands respectively ; it ends
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Fi^. 86.

internally in a concave aponeurotic arch : the second head is a thin,

tendinous slip, "arising* from the common tendon of the triceps as

this lies on the knee-joint. The muscle is thickest near its origin,

and then gradually diminishes in size as it passes backwards ; the

superficial sm^face is convex, the deep surface is flat. By tracing the

tendons of orig-in, they are seen soon to unite and form a common
flat tendinoiis surface, broad in front,

contracted behind ; this aponeurosis

lies in a plane running obliquely

from the deep surface towards the

superficial surface, without, how-

ever, reaching" this. The muscular

fibres arise from both surfaces of the

aponeurosis, the fibres of the two

sides diverging slightly as they pass

backwards so as to be inclined at a

small ang'le to each other. The

fibres are inserted into a fibrous ex-

pansion [Ajj) which lies on the su-

perficial surface of the muscle; thin

and slight in front, this aponeurosis

rapidly thickens posteriorly until it

passes into the tendo Achi/li-s.

128. M. tlhlalis posticus (Fig-.

86 t.p.).

Dugès, cruro-astragalien, n. i6o.

Covered by the gastrocnemius this

Muscles of the right leg and foot of Rana escuknia.
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muscle occupies the whole of the inner and upper surfaces of the

tibio-fibula, from which it arises by numerous fibres. Opposite the

hinder extremity of the bone the muscle becomes free and passes

somewhat abruptly into a tendon, which courses behind and over the

malleolus internus, on to the dorsum of the foot, and is here inserted

into the anterior extremity of the astragalus. I cannot agree with

Duges that this muscle corresponds with the salens (Ecker).

129. M. extensor cruris brevis (Fig. H7 ec).

Dugès, pre-temoro-tibial, n. 154.

Covered by the sivong fascia cruris, and lying between the vi. ti-

bialis autieus and the tibio-fibula, this muscle arises by a long tendon

from the inner condyle of the femur ; it passes backwards in the

groove on the anterior extremity of the tibio-fibula, covered by the

tendon of the triceps femoris, and is then inserted by muscular

fibres into the outer surface of the tibio-fibula almost as far as the

posterior third of the bone. (Dugès regards this muscle as the

upjDcr^ i. e. anterior, portion of the titnalis anticus.)

130. M. titjialis autieus (Figs. 80, 81, 87 ta).

Dugès, pré-féinoro-astragalien and pré-fémoro-calcanien, n. 156 and 157;

the former he regards as one part of the lib. autieus, the latter

as the peroneus longus I.—Zenker, tih. ant. biceps.

The tendon of origin of this muscle is attached to the femur near

the tendon of the m. extensor cruris hrevis, a;nd to the joint-ligaments.

The muscle is placed under the fascia cruris, its long tendon of

origin passing beneath the tendon of the triceps in a si)ecial sheath

through the joint ; the tendon then gains a muscular belly which

bifurcates at about the middle of the leg, forming two muscular

masses, coursing along the outer and the inner side of the leg re-

spectively. The latter is inserted into the dorsal surface of the astra-

(jalus by a tendon, and the former into the dorsal surface of the

calcaneus in a similar manner. The muscle extends the foot and
flexes the tarsus ; the latter movement is very distinct on account of

the insertion of the muscle being so near the hi/pomochlion.

131. M. flexor tarsi anterior (Ecker), (Fig. 87 Ft).

Dugès, ex-tibio-astragalien, n. 155.—Zenker, tibialis anticus simplex.

This muscle arises where the insertion of the extensor cruris brer

ceases, from the middle of the under surface of the tibio-fibula, and
passes backwards between the two tendons of the m. titnalis anticus

along the outer side of this muscle, to be inserted by a tendon
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into the inner side of the anterior

articular extremity of the ai^fra-

galus and t\ie fascia dorsalis jjedis.

877;).

132. M. pewiieus (Fig-s. %ope^

Dugès, génio-péronéo-calcanieu,

This is a strong muscle which is

attached by a long tendon of origin

to the hinder extremity of the

femur and the ligaments of the

knee-joint. The tendon i-uns in a

sheath through the joint and pos-

teriorly becomes muscular ; the

muscle passes downwards on the

outer side of the tibio-fibula to be

inserted into the malleolus extermis

of this bone and into the anterior

extremity of the calcaneus. It has

an action similar to that of the

m. tibialis anticus.

III. Muscles of the Foot.

A. Muscles on the Plantar Surface.

133. Ajwneurosis planiaris

(Fig. 88 A,p).

As already mentioned, the ten-

don of the m. gasfrocnemins is, at

the heel, continued into a strong

aponeui'osis, and possesses at this

place a thickening ^ The aponeu-

rosis is of triangular form, the

base directed towards the toes and

attached to these. The lateral

borders of this triangle are con-

tinued into weaker fasciae, which

are attached to the two long tarsal

bones. The inner border in par-

ticular gives a strong bundle of

' Lehmann, Ueber den Knorpel in der

U. Zool. XTV, p. 109. (See also literature

ed.6

Muscles of leg and foot of liana csmknfa,

seen from below.

a.b.$ M. abductor dig. V longus.

ec M. extensor cruris brevis.

c.d.i M. extensor digit I longus.

c.d.^ M. extensor digit IV longus.

e.ii.s M. extensor digit V longus.

Ft M. flexor tarsi anterior.

Ft' M. flexor tarsi posterior.

p M. gastrocnemius.

ji M. peroneus.

ta M. tibialis anticus.

IF M. triceps femoris.

Achillessehene des Frosches, Zeitschs. f.

on cartilage, Sect. VII.)
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Fi jr. SS.

fibres to the astragalus, and is thus connected with the fascia of the

dorsum of the foot; externally this aponeurosis is attached to a

cartilage (Duges, os sesamoïde, L c, n. 66), situated on the plantar

surface of the joint between the calcaneus and the os metatarsi IV.

134. Ligamentum calcanei (Ecker), (Figs. 88, 89 l.c)j.

If the tendo Achillis be divided and the aponeurosis plantaris

reflected towards the toes, there is

seen, arising from the posterior head

of the tibio- fibula, in its whole

breadth, a ligament (between the

tih. posticus and peroneus). This

ligament forms a firm surface on

which the thickened portion of the

tendo Achillis may move, and which

evidently represents the tuberosity

of the heel bone. I have there-

fore named the entire structure the

Uganientum calcanei.

Several muscles arise from this

ligament, viz. :
—

135. M. extensor tarsi (Klein),

Figs. 88, 89 e.t.).

Dugès, tibio-sous-astragalien (regarded

by him as the homologue of the

tibialis posticus).

Covered by the two succeeding

muscles, this muscle arises from the

Muscles of the right leg and foot of Rana esculenta.
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ligainentiuii ca/canei, miis backwards, and is inserted into the whole

length of the plantar surface of the astrar/alits. It extends the foot.

136. 31. platifaris (Figs. 88, 897;).

This takes its orig-in from the ligamentum calcanei to the inner side

and below the last muscle. It passes backwards and is inserted

into the dorsal surface of the ajwneurosis plantaris.

137. M. flexor digitoruiii. Ill, IV, V longus (Ecker), Figs. 88,

89 I\L).

Dugès, péronéo-sous-phalangettien {flexor dig. lomjux).

This muscle also arises

from the ligamentum cal-

canei to the outer side of

the m. jdantaris. It runs

backwards over the ajjo-

neuro.s-hS plantaris, and at

the free margin of this

passes somewhat sud-

denly into a strong ten-

don, which traverses an

aponeurotic canal, formed

by fibres of the aponeu-

rosis passing above and

below the tendon, from

Muscles of the plantar surface of foot

of Rana csciilcnta, twice natural

size.

A.p. Aponeurosis plantaris, divided.

06.5. M. abductor dig. V.

arf.5. M. adductor dig. V.

ad.l.i. M. adductor longus dig. 1.

e.t. M. extensor tarsi.

-F.5. M. flexor brevis dig. V.

F.l. M. flexor digitorum III, IV. V
longus.

F.l' . M. flexor digitorum I, II longus.

;:;:]

1.3. 1

1.3'.

1.5.

l.c.

Fig. 89.

-Musculi hunbricaJes.

Ligamentum calcanei

.

p M. plantaris.

t.A. Tendo AchilUs.

t.A'. Thickening in tendo Acliillis.

t.p. M. transversus plantae poste-

rior.

tp'. M. transversus plantae anterior.

t.A.
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the cartilag-inous enlarg-ement in the tendon to the median border

of the aponeurosis. The tendon forms three slips for the fifth^

fourth^ and third toes : these are slightly attached to the aponeurosis,

but reach beyond its free border to be inserted into the terminal

phalang-es of the toes mentioned, and are held down by fibrous

bands. (The small 711. Inmbricales arising from these tendons are de-

scribed below.)

138. M. flexor digitorum I, II lonr/us (Ecker), (Figs. 88, 89 FJ'.).

The tendons, by means of which the terminal phalanges of the

first and second toes are flexed, arise directly from the posterior

border of the aponeurosis.

139, 140. 3IM. transversi 2)/anfae (Ecker), (Fig. 89 t.^h, t.p .).

The movements of the aponeurosis and through it the move-

ments of the tendons attached to it are influenced not only by

the m. gastrocnemius and plantaris, but also by two other muscles,

which together have been described as \\x'& flexor dig. longiis internus

(Klein), or as the tarso-sous-phalangettien (Duges, 221).

a. M. transversus plantae posterior {t.p.).

This takes its origin from the plantar cartilage, widens as it

courses backwards and inwards to be inserted into the dorsal

surface of the aponeurosis plantaris-, from this the tendons for

the first and second toes {flexor dig. longus I and //) arise, thus there

is no direct connection between the muscular fibres of the two

muscles.

b. M. transversus jdantae anterior {t.p'.).

This muscle is covered by the last ; broader anteriorly, it arises

from the calcaneum, and is inserted to the inner side of the last

muscle into the dorsal surface of the aponeurosis. This muscle,

like that just described, is not continued directly into the tendon

of the flexor of the toes, they cannot therefore be regarded as

flexors of the toes.

141 to 149. Musculi lumhricales (Fig. 89 l.i-^.

(A.) From the posterior border of the aponeurosis plantaris arise :--

(1) M. lumbricalis digiti I {Li).

Dugès, teudini-sous-phalangieii de pouce, n. 185.

This is inserted into the anterior extremity of the proximal

phalanx.
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(2) M. limhricalis digiti II {I.2).

Dugès, tendini-sons-phal. du I doigt, n. 186 (and 187), double according

to Dugès.

Similarly inserted.

(3 and 4) 3IM. litiuhricales (ligitl III {l.'^).

Dugès, tendini-sous-j)hal. du III doigt, n. 188, single according to

Dugès.

One of these [l^,) is inserted into the anterior extremity of the

basal phalanx, the other [l'^') into a corresponding- position on the

middle phalanx.

(5) M. lumhricaUs cUgiti IF.

Dugès, tendini-sous-phal. du IV doigt.

Inserted into the anterior extremity of the basal phalanx.

(B.) Arising" from the tendons of i\\ejlejcor longus HI, IV, J :

(6 and 7) MM. Inmhricales digiti IF (^.4'. and l.^!'.).

Dugès, tendini-sous-phalanginien du IV doigt, n. 201, 202.

The first {I.4') is inserted into the posterior end of the basal pha-

lanx, the second (/.4") in a similar position into the second phalanx.

(8) M. lumhricaHa digiti F (l-S-)-

Dugès, tendini-sous-phalangien du V doigt, n. 203.

This arises from the tendon for the fifth toe, runs backwards as a

thin tendon alongside that of the flexor, and is inserted into the

middle phalanx.

Special Mmeles of the Separate Toes.

(I.) Muscles of the rudimentary great toe.

150. M. abductor hallucis (Figs. 88 a.Ii., 90).

Dugès, tibio-sous-tarsien, n. 163.

This muscle arises from the inner border of the aponeurosis ^ilan-

taris, at the spot where the m. pjlantaris is inserted, it may therefore

almost be regarded as a continuation of this muscle ; it is inserted

into the anterior border of the rudimentary toe.

(II.) Muscles of the great and first toes.

151. M. adductor longiis digiti 7 (Fig-s. 89, 90 ad.h).

Dugès, calcanéo-scaphoidien, n. 164.

This powerful muscle arises from the plantar surface of the cal-

eaneum and astragalus ; its fibres converge towards a tendon lying in
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its middle^ which becomes free towards its posterior end ; the

tendon passing- inwards under the hgamentum tarsi transversum

through a groove on the hinder extremity of the astragahis in an

arched direction, to be inserted into the os naviculare, which bears

the rndimentary great toe and the os rûetatarsï 1.

(III.) Muscles of the first toe.

152. M. abductor longus digiti I (Figs. 88 «/.i, 90 a.b.i).

It takes its origin from the inner border of the aponeurosis plan-

taris, and lies on the plantar surface of the abductor Jialhcis. Its

tendon runs in the hollow which the great toe forms, and is in-

serted into the inner side of the os metatarsi I.

153. M. flexor brevis digiti I (Fig. 90 F.b.i).

A small, thin muscle, w^hieh arises from the anterior extremity

of the OS metatarsi II, and is inserted into the basal phalanx of the

first toe. In this small muscle, and also in the in. Iwnbrical. dig. V
(Fig. 89 /'.5.), the nerve distribution may be very well seen.

154. M. opj3onens dig. I (Fig. 90 07;).

Dugès, sous-metatarso-phalangien du pouce, n. 192.

This is situated to the inner side of the preceding muscle, arises

from the os metatarsi II somewhat narrow, widens in a fan-like

manner towards the os metatarsi I, into the anterior half of which it

is inserted.

(IV.) Muscles of the second toe.

155. M. flexo7' metatarsi dig. II (Fig. 90 F.m.i).

Dugès, sous-tarso-metatarsien du II doigt.—Klein, extensor metatarsi.

By a narrow origin from the hinder end of the calcaneum, poste-

riorly this muscle becomes broader and is inserted, somewdiat thinned

out, into the plantar surface of the second os metatarsi.

156. M. flexor dig. IIj^rojrrius (Fig. 90 /'./;. 2).

Dugès, sous-metatarso-phalangien, n. 194.

It arises from the plantar surface of the os metatarsi II, and is

inserted by a thin tendon into the plantar surface of the first

phalanx.

Dugès describes this and the analogous muscles of the third,

fourth, and fifth toes (F.p.^, 4, 5) as the interossei pfantares, a no-
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menelature which, to me, does not ap2:)ear correct, as these muscles

lie entirely on the ]ilantar surface, and do not adduct or abdnct the

toes, bnt flex them.

(V.) Muscles of the third toe.

157. M.-flex. metatarsi dig.

Ill (Ecker), (Fig-. 90 F.m.^).

Dugès, sous-calcaneo-métatar-

sien du III doigt, n. 174.

—

Klein, extensor metatarsi.

Like the corresponding-

muscle of the second toe

(n. 155)^ t^is arises by a small

tendon from the hinder ex-

tremity of the calcaneum, runs

backwards and is inserted into

the plantar surface of the os

metatarsi III. The greatest

portion of the muscle lies be-

neath the m. transversHS meta-

tarsi {tm), the most anterior

portion, however, lies above

this. Dug-es has described

this latter portion as a special

muscle (n. 176, metatarso-

metatarsien du III), the same

description holds good for the

second toe (n. 177, Dugès).

158. M. flexor duj. Ill

proprius (Ecker), (Fig. 91 Fp;^).

Dugès, sous-métatarso-phalan-

gien du III doigt, n. 195.

Like the corresponding-

muscle of the second toe,

this arises from the plantar

surface of the os metatarsi III,

and is inserted by a thin tendon

into the plantar surface of the

anterior extremity of the first

phalanx.

90.

-F.ni.4

Muscles of plantar surface of foot of Rana escidenta.

a.b.i M. abductor longus digiti I.

065 M. abductor digiti V.

adj.i M. adductor longus digiti I.

a.h. M. abductor haUucis.

F.b. I M. flexor brevis digiti I.

F.m.2, 3, 4 M. flexores metatarsi II, III, IV.

F.p.2, 3, 4, 5 MM. flexor, proprii digit. 2, 3, 4, 5.

F.ph.3, 4, 4', s MM. flexor, phalang. digit. 3, 4, 5.

op M. opponens digiti I.

t.m' ^

t.m" [-MM. transversi metatarsi i, 2, 3.

I.m'")
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159. M. jlexor phalangum jiroprlus digit i III (Ecker), (Fig". 91

F.pJi.^).

Dugès, phalango-phalangien, n. 204.

This arises by tendon from the plantar surface of the basal

-p.^ phalanx, and is inserted into

the anterior extremity of the

terminal phalanx.

(VI.) Muscles of the fourth

toe.

160. M. jlexo7' metatarsi

dig. IV (Fig. 91 F.m.4).

Dugès, métatarso-métatarsien,

n. 175.

Similarly to the correspond-

ing" muscle of the third toe^

this one arises from the

hinder extremity of the calea-

neum, and is inserted into the

anterior portion of the plantar

surface of the os metatarsi IV,

but not into the greater portion

of this surface, as in the second

and third os metatarsi.

F.m.4

Muscles of plantar surface of foot of liana escidoita.

a.b.i M. abductor longus digiti I.

ab^ M. abductor digiti V.

ad.1.1 M. adductor longus digiti I.

a.h. M. abductor hallucis.

F.h.z M. flexor brevis digiti I.

F.tii.2 3, 4 M. flexores metatarsi II, III, l\'.

F.ii.2, 3, 4, 5 MM. flexor, proprii digit. 2, 3, 4, 5.

F.ph.2, 4, 4', 5 MM. flexor, phalang. digit. 3. 4, 5.

op M. opponens digiti I.

t.m' >

t.m" )-MM. transversi metatarsi i, 2, 3.

t.m'"^

161. M. jlexor dig. IV
projjriiis (Fig. 91 Fp4).

Dugès, sous-métatarso-phalan-

gieu du IV doigt {interosseus

plantaris), n. 196.

The origin and insertion are

similar to those of the muscles

of the second and third toes.

162. M. jlexor Irrevis dig.

IV.

A small muscle^ which arises

with the m. jlexor lirevis of the

fifth toe^ from enlargement of

aponenrosis plantaris, and is in-

serted into the basal phalanx

of the foui'th toe.
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163. HI. jiciror phalangwm projn-hts dig. IT anterior (Fig*. 91

Dugès, phalango-phalanginien, n. 205.

It resembles the corresponding" muscle of the third toe.

164. M. jlexor phaJangum proprias poderior (^\^. 91 F.pj/i./^').

Dugès, phalangino-phalangettien, n. 209.

This extends from the plantar surface of the second phalanx to

the anterior extremity of the third.

(YII.) Muscles of the small toe.

165. 31. abductor dig. V [Yig. 91 a.tj.^).

Dugès, calcanéo-ex-métatarsien du digitule, n. 169.

This muscle arises from the hinder extremity of the caleaneum,

and is inserted into the outer surface of the fifth metatarsal.

166. M. adductor dig. V (Fig*. 89 a.d.^).

Dugès, sous-tarso-in-plialangien, n. 191.

This arises from the cartilage of the plantar aponeurosis, and is

inserted into the hinder end of the fifth metatarsal.

167. M. flexor hrevis dig. r(Fig. 89 F.^).

Dugès, sous-tarso-ex-phalangien, n. 190.

Arising from the same place as the preeeding, it extends to the

basal phalanx.

168. M. flexor dig. F. proprius (Fig. 91 F.p.^).

(Analogues of Muscles, n. 156, 158, 161 ; see note at n. 156).

—

Dugès,

sous-métatarso-phalangien, n. 197 {= inteross. plant.).

This muscle arises from the plantar and inner surfaces of the fifth

metatarsal, and is inserted into the basal phalanx.

169. M. flexor p//ata7/gu/// propriiis (Fig. 91 F.pJi.^).

Dugès, phalango-phalanginien, n. 206.

Its origin and insertion are as in the corresponding muscles of the

second, third, and fourth toes, n. 159, 163, 164, 169.

170 to 172. MM. inferossei (Fig. 91 t.ni.).

Dugès, I, 2, and 3, interuiétatarsien, n. 170, 171, 172.

These are three muscles with their fibres arranged transversely,

which occupy the anterior portion of the spaces between the

I
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metatarsals, and approximate these. The first arises [fm') from the

edge of the plantar surface of the first metatarsal, and is inserted

into the corresponding- part of the second : the second [Un") passes

from this point to the third, and the third [tm"') to the fifth.

B. 3IuSGLES OF THE DoRSAL SuRFACE.

173. 31. flexor tarsi postenor (Ecker), (Fig. 92 F.t.).

Dugès, péronéo-sus-astragal, n. i6i.

This is a strong muscle, which has a narrow origin from the

outer side of the tibio-iibula, directly over the distal extremity, and

is inserted into the dorsal surface of the astragalus from the middle

to the distal extremity.

Muscles of the first toe.

174. 31. extensor longus dig. /(Fig. 92 e.l.i).

Dugès, calcanéo-sus-métatarsien du pouce, n. i6ô.

This lies to the outer side of and near the foregoing muscle ; it

arises by a long, strong head from the middle of the calcaneum, runs

obliquely backwards and inwards to unite with a small head which

arises from the common epiphysis of the astragalus and calcaneum,

in common with the m. extensor dig. II. The muscle so formed

passes into a flat tendon to be inserted into the basal phalanx of

the first toe.

175. 31. extensor hrevis dig. /(Fig. 92 e.h.i).

A small, short muscle which arises from the os naviculare and is

inserted into the dorsal surface of the first metatarsal.

176. 31. abductor hrevis dig. /(Fig. 92 a.h.i).

Dugès, ex-tarso-métatarsien du pouce, n. 168.

This small muscle is situated near the preceding ; it arises from

the first bone of the supplemental toe, and is inserted into the inner

side of the first metatarsal.

Muscles of the second toe.

177. 31. extensor dig. II longiis (Fig. 93 e.1.2).

Dugès, calcanéo-sus-plialangien du II doigt, n. 182.

This arises from the calcaneum, in common with the ni. extensor

longns of the third toe, and is inserted into the basal phalanx of the

second toe bv a tendon.
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178. M. extensor

dig. II hrevis (Fig. 92

e.b.2).

Dugès, astragalo-sus-

phalangien du IT,

n. 183.

This is partly covered

bythe preceding- muscle :

it arises from the astra-

galus, and unites with

the tendon of the pre-

ceding muscle.

Muscles of the third

toe.

179. M. extensor

(tig. Ill longus (Fig. 92

e.l.i).

Dugès, sus-astragalo-

phalaugien du mé-

dius, n. 199.

This arises with the

extensor longus of the

second toe from the

calcaneum : its tendon

unites with that of the

following muscle.

180. M. extensor

(Vig. Ill Ijreris (Fig\ 92
eJj.^).

Dugès, astragalo-sus-

phalangien du mé-

dius, n. 181.

This muscle arises

from the astragalus,

and is inserted with the

tendon of the preceding

muscle into the dorsal

surface of the basal pha-

lanx.

Fig. 92.

Dorsal view of muscles of foot of Rana esculenta.

a.b. I M. abductor brevis dig. I.

e.b.i M. extensor brevis dig. I.

e.b.z M. extensor brevis dig. II.

«'.6.3 M. extensor brevis dig. III.

e.b.4 M. extensor brevis i dig. IV.

I'.b.^' M. extensor brevis 2 dig. IV^.

(•.6.5 M. extensor brevis dig. V.

e.l.i M. extensor longus dig. I.

('.1.2 M. extensor longus dig. II.

c.1.2 M. extensor longus dig. III.

c.^4 M. extensor longus dig. IV.

('./.5 M. extensor longus dig. V.

F.t M. flexor tarsi posterior.

8.2 to i 10 MM. interossei.

I 2
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Muscles of tlie fourth toe.

181. M. exfen-wr lougiis fl'tf/. IV (Fig-. 93 eJ.4).

Dugès, péroneo-sus-phalangien du IV", n. 178.

A narrow muscle arising- in common wàtli the jlexor tar-n inf.,

but external to it. It is inserted into the tendinous expansion on

the dorsum of the toe.

182. 3IM. extensores dig. IV brèves (Fig*. 93 e.h.^ and e.h.â^).

Dugès, calcanéo-sus-phalangien -and sus-calcanéo-phalanginien, n. 179

and 198.

These two small muscles arise from the calcaneum : one is in-

serted into the basal phalanx, the other, by means of a long

thin tendon, passes along" wdth the tendon of the corresponding"

m. intewsseiis to the second phalanx, to which it is attached.

Muscles of the fifth toe.

183. ]\I. extensor dig. V longus (Fig. 93 e.I.^).

Dugès, calcanéo-sus-métatarsien, n. 165.

A strong- muscle which covers almost the whole length of the

calcaneum ; it arises from the anterior extremity of this bone, mns
backwards to the outer side of the dorsum of the foot, and is

attached to the outer surface of the fifth metatarsal.

184. M. extensor dig. V hrevis (Fig-. 93 ejj.^).

Dugès, calcanéo-sus-phalangien du V, n. 180.

This is a long- thin muscle, which, together with the muscle last

described, arises from the calcaneum and is inserted into the basal

phalanx of the fifth toe.

185. il/, atjdnctor dig. V hrevis (Fig. 93 a. 10).

This, the last m. intero-^sens, arises from the outer side of the

fifth metatarsal, and is inserted into the hinder extremity of the

second phalanx of the same toe.

186 to 195. MM. intero.'tsei dorsales (Fig-. 93 ?". 1 to i.io).

First toe.

(i) The analogue of the first w. interossens is the m. abdvctor

hrevis dig. I (a.h.i).

(2) The second w. interosse?/s (i.2) arises from the outer side of

the first metatarsal, and is inserted into the outer surface of the

second phalanx of the same toe, dorsally to the n/. opponens and

jlexor hrevis dig. I.
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Second toc.

(3) The third ni. In-

terosseus (?.3)takes origin

from the anterior part

of the outer surface of

the first metatarsal, by

a thin tendon ; it is

inserted into the inner

surface of the second

phalanx by a similar

tendon.

(4) The fourth ///. in-

terosseus (/.4) arises from

the outer side of the

second metatarsal^ and

is inserted into the outer

surface of the second

phalanx.

Third toe.

(5) The fifth ;//. hi-

terosseus arises from the

outer surface of the

second metatarsal, and

is inserted by a thin

tendon into the inner

surface of the second

phalanx of the same

toe.

(6) The sixth arises

from the outer surface

of the third metatarsal,

and is inserted laterally

l)y a thin tendon into

the hinder extremity of

the second phalanx of

the same toe.

Fourth toe.

(7) The seventh m. iti-

terosseus (Ly) arises by a

thin tendon from the

Fig-. 93-

Dorsal \iew of muscles of foot of Rami cm'uknta.

a.b.i M. abductor brevis dig. I.

c.b.i M. extensor brevis dig. I.

c.b.2 M. extensor brevis dig. II.

<'.6.3 M. extensor brevis dig. III.

c.6.4 M. extensor brevis i dig. IV.

<'.&.4' M. extensor brevis 2 dig. IV.

e.h.^ M. extensor brevis dig. V.

I'.t.i M. extensor longus dig. I.

1.1.2 M. extensor longus dig. II.

<./.3 M. extensor longus dig. III.

c.l.^ M. extensor longus dig. IV.

<./.5 M. extensor longus dig. V.

F.t M. flexor tarai i)Osterior.

(.2 to Ï. 10 MM. interossei.



118 THE MUSCLES.

Fig. 94.

Dorsal view of muscles of foot of Raiia cscukiUa.

a.b.i M. abductor brevis dig. I.

e.b.i M. extensor brevis dig. I.

e.b.2 M. extensor brevis dig. II.

e.6.3 M. extensor brevis dig. III.

f.6.4 M. extensor brevis i dig. IV.

c.6.4'M. extensor brevis 2 dig. IV.

e.b.$ M. extensor brevis dig. V.

e.l.i M. extensor longus dig. I.

e.1.2 M. extensor longus dig. II.

e.1.2 M. extensor longus dig. III.

e.1.4 M. extensor longus dig. IV.

C.I. 5 M. extensor longus dig. V.

F.t M. flexor tarsi posterior.

i.2 to J. 10 MM. interossei.

hinder extremity of the

astragalus, and by fleshy

fibres from the hinder

extremity of the fourth

metatarsal; it is inserted

by a thin tendon into

the inner surface of the

second phalanx of the

same toe.

(8) The eig'hth m. in-

terosseus (/.8) takes its

origin from the outer

surface of the fourth

metatarsal and from the

inner surface of the fifth :

it is inserted into the

hinder extremity of the

second phalanx.

Fifth toe.

(9) The ninth m. in-

terosseus {i.g) arises from

the inner surface of the

fifth metatarsal, and is

inserted into the hinder

extremity of the second

phalanx.

(10) The tenth w. in-

terosseiis has alreadybeen

described as the ahcludor

digiti V brevis (Fig. 94
2". 10).

If we take the

fourth toe as the axis

of movement, the first,

third, fifth, seventh,

eighth, and tenth mm.

interossei will abduct

from an imaginary line

which runs through this

toe. The second, fourth,
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sixth, and ninth will adduct towards this line. If we compare

them with those of man (in whose case the second toe affords the

central line), those of the first group must be regarded as mm. inter-

oissei dorsales, of the latter as plantares. Duges holds all these

interossei (with the exception of the first, abductor brevis dig. 1) to

be mm. interossei r/or,?fl/t^i' (metatarso-sus-phalangettiens, n. 210, 211,

212, 214, 215, 216, 218, 219). Those which I have described as

flexores projjrii diffitornm, he regards as interossei volares.

V. MUSCLES OF THE SKIN.

196. 31. cutaneus pectoris (Fig. 95 cp).

Duges, abdomino-guttural, u. 53.—Klein, abdomino-cutaneus.—Zenker,

subcutaneus pectoris.

This is an elongated quadrangular muscle, attached by its hinder

margin to the side of the xiphisternum, and to the superficial

surface of the aponeurosis of the m. obliquiis externas. The fibres

course forwards and
Fit 95-slightly outwards to be

inserted, at a very acute

angle, into the skin : lying*

between the two muscles

and attached to them on

either side is a thin fas-

cia, which, together with

the muscles and the sep-

tum tJioracicum, assists in

closing a triangular space

between these structures

and the deeper muscles.

The thinness and trans-

parency of this muscle

render it especially suit-

able for the investigation

of nerve-temiinations ^.

197. M. cutaneus dorsi (Fig. 96 cd).

Duges, pubio-dorso-cutane, n. 56.—Zenker, cutaneus iliacus.

This muscle has a narrow origin in the space between the muscles

' Kolliker, Mikrosk. Anatomie, 1866, vol. II. i, p. 247 ; Reichert, Miiller's Archiv,

1851, p. 29, PI. I ; Kolliker, Untersuchungen iiber die letzten Endigungen der Nerven

in den Muskeln des Frosches ; Leipzig, Engelmann, 1862.

Pectoral region of Raita escuknla.

cp M. cutaneus pectoris.

p"' Port, abdominalis of the m. i)ectoralis.
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H——

of the belly and of the thig"h, and is here inserted into the fasciae,

which are attached to the pnbic symphysis ; it passes inwards and

upwards to the outer side of

Fig. 96. the anterior insertion of the

III. rectus femoris mdicus, then

widens and is inserted by di-

verging' fibres into the inner

surface of the skin of the

hinder portion of the back.

198. M. cocc^yeo-calaneus .

Dugès, coccy-dorso-cutanés,

"• 57-

The muscular fibres which

Dugès has described under

this name, lie covered by the

///. pyrifonim^ behind the m.

cocci/yeo-diacus, etc., and above

the muscles of the rectum.

They arise from the hinder

extremity of the urostyle :

they appear to be connected

with the rectal muscles, and

pass outwards to be attached

to the skin,

may perhaps be included the

v.e

Hind portion of back and thigh of Rana escuknla.

cd M. cutaneus dorsi.

ex. Coccyx.

(jl. M. ghitaews.

// Skin reflected to left side.

oe M. obliquas externiis.

)•/ M. rectus femoris anterior.

sm M. semimembranosus.
v.e M. vastus externus.

Among the cutaneous muscles

m. suhmajcillaris (p. 62).

The fibrils passing from the flexor tendons to the warty bodies

on the plantar surface of the toes are described ^ with the skin

(p- zn)-

' Compare Klein, Beitriige zur Anatomie tier ungeschwiinzten Batrachier (E. tem-

poraria, L.) : J ahreshefte des Vereins fur vaterlandische Naturkunde in Wiirttemberg,

1850, p. 72.
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THE NEEVOUS SYSTEM.

I. THE CENTRAL NERVOUS SYSTEM.

{Re-written hi/ the translator.)

A. The Spinal Cord (Fig-, 97).

1. External form. The spinal cord is, in comparison with the

brain, somewhat small ; the two organs are directly continuous,

and present no distinct line of demarcation : the point of origin

of the first spinal nerve is, therefore, arbitrarily accepted as the

anterior limit of the spinal cord
;
posteriorly it terminates in the

Jilmu terminale.

The spinal cord is flattened dorso-ventrally, and is constricted

at a point impars media, Reissner) somewhat anterior to its

middle : in consequence of this constriction the cord has two

enlargements; an anterior smaller, and a posterior larger [intn-

mescentiae anterior v. posterior), from wliich arise the nerves of the

brachial and lumbar plexuses respectively. At about the sixth

or seventh vertebra, the hinder enlargement diminishes rather

abruptly to form the so-called conus mednllaris ; this is continued

into the Jilimi terminale, which enters the cavity of the urostyle.

The hinder portion of the lumbar nerves forms a cauda equina,

the constituent nerves of which surround thejilum terminale.

A dorsal longitudinal fissure {sulcus longitiulinalis superior) is

well marked in the middle line of the dorsal surface of the pos-

terior enlargement ; anteriorly and posteriorly it rapidly fades away,

its position being merely indicated by a small amount of connective-

tissue and a blood-vessel.

The ventral longitudinal fissure [sulcus lonyitudinalis inferior) is

well marked throughout the length of the cord. Neither fissure can

be traced in the hinder part of the conus medtillaris or in thejilum,

termi7iale.

Ten pairs of nerves arise from the spinal cord, each nerve arising

by two roots, a ventral and a dorsal (anterior and posterior), from
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points near the ventral and dorsal long-itudinal sinuses respec-

tively : the two roots unite at their point of exit from the ver-

tebral canal throug-h

pjg g y
the intervertebral for-

amen ; each dorsal root

possesses a ganglion.

The
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2. Internal structure. As in other vertebrates, the spinal cord

consists of white and grey matter, the latter being surrounded by

the former ; the relative amount of the one to the other varies in

different parts of the cord.

A transverse section of the cord presents the same general

characteristics as a similar section from a bird or mammal. The

grey matter lies in the middle, surrounding the central canal, and is

prolonged into each half of the section by ventral and dorsal horns

or cornua. The grey matter is surrounded by the white, but is

not so sharply marked off from this in amphibia as in birds and

mammals.

A section through the anterior enlargement is almost quad-

rangular in outline, and somewhat broader below than above ; the

ventral longitudinal fissure is well marked and deep, while the

dorsal is indistinct. The dorsal horns are narrow and short, the

ventral longer and much broader. The space between the dorsal

horns is narrow and deep, that between the ventral shallow; the

outer boundary of the grey matter is almost straight, and the central

canal is placed above the centre of the section.

In the constricted portion of the cord [pars media) the relative pro^

portion of the white matter is increased at the expense of the grey;

the horns are less distinct, the dorsal being directed outwards and

the ventral somewhat flattened. The central canal is in the centre

of the section.

The posterior enlargement shows the ventral horns projecting out-

wards, very much enlarged, and approaching the periphery; the space

between them is semilunar. The dorsal horns are well developed,

especially at their upper parts ; the space between them is narrow

and deep. The outer margin of the grey matter is again nearly a

straight line. The central canal is below the centre of the section.

The arrangement of the parts in the C07iu8 medullaris approaches

that in the pars media : the horns are much diminished in size, and

posteriorly they entirely disappear, the ventral horns persisting longer

than the dorsal. The central canal approaches the lower surface.

No cornua can be recognised in ih.e Jihim terminale behind the

origin of the last pair of spinal nerves. The grey matter has here

a circular outline, with the exception of a very slight indentation

below ; the white matter is almost absent : the central canal is on

the lower border of the section in the anterior part, while posteriorly

it occupies almost the entire space below thejy/a mater.

The Central Canal lies in the median line, and always presents a
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distinct lumen ; in the two enlargements this lumen forms a vertical

ellipse ^, while in the pars media it is circular. The canal is lined by

a single layer of ciliated columnar epithelium, the cells of which

are usually conical^ with theii" bases directed towards the lumen ; but

other forms may be noticed. These cells averag*e about 0*040 mm.
in length and about 0*002 mm. in width at their broadest part.

The peripheral extremities of the cells have processes, which, in the

ease of the cells above and below the cord, may often be traced

as far as the pia mater ; the processes of the lateral cells are less

distinct and seem to be shorter. Anteriorly the central canal

opens into the floor of the foui'th ventricle. The termination of

the central canal, posteriorly, has been described by Masius

and Vanlair. According to these observers, the canal towards the

hinder end of the Jilitm terminale increases very gradually in width,

until its epithelial cells are immediately underneath the -pia mater,

its walls then converge somewhat more sharply to close the cavity.

From the point where the canal commences to increase in width,

a change takes place in its epithelial wall, which, instead of having

a single layer of cells, now possesses two to three layers ; towards

the posterior end it is again thinned out to a single layer.

The grey matter varies in different parts of the cord and in dif-

ferent parts of the same section. In a section through the anterior

enlargement a portion of the grey matter, placed immediately above

the central canal, is easily distinguished by its vertically-placed,

elliptical outline, and by its transparency : it is known as the sub-

stantia reticularis. It consists of a mesh-work of branched cells,

through which course distinctly contoured fine commisural fibres

which are derived chiefly from the dorsal cornua, the vertical

from the epithelial cells of the roof of the central canal. In a

series of sections the stihstantia reticulosa may be seen to originate

indistinctly in the most anterior part of the cord ; in the anterior

enlargement it already possesses the elliptical form mentioned, and

in the ^ja?'^ media it commences to send off lateral processes to either

side. In the posterior enlargement it reaches its greatest absolute

development, as it here surrounds the central canal ; while further

backwards it encroaches until, together with the remaining grey

matter, it constitutes almost the whole of Uiejilam terminale.

Immediately underneath the central canal is a narrow band,

which immediately connects the grey matter of the two sides
;

above it is bounded by the epithelium of the central canal, below

^ V. Kolliker states that the lumen is everywhere circular.
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by meclullated fibres. This septttm medium (Reissner) may be traced

backwards from the anterior extremity of the cord to the posterior

enlargement. It consists chiefly of transverse fibres, tog-ether mth
vertical fibres derived from the epithelial cells on the floor of the

canal, and like the substantia reticulosa, is distinguished by its

greater transparency from the rest of the grey matter.

The grey matter consists of connective-tissue and nervous ele-

ments, which are very intimately united; each of these elements

including its special cells and fibres. The nerve-cells vary much in

size and appearance. A prominent group of large cells in the ven-

tral cornua, the lateral group (Stieda), is very conspicuous. The

individual cells are seldom rounded, but are usually spindle-shaped

or angular, and each possesses one to five processes, which may
often be traced through considerable distances. These cells have an

average length of 0*040 mm., and are about 0'0i6 mm. broad;

they are somewhat larger in the anterior enlargement than in the

posterior, and are also more numerous in a section from the anterior

enlargement than in a section from the posterior. In the terminal

filament they gradually disappear. Some of their processes are

continued into the lateral columns (Koppen).

Smaller, spindle-shaped or triangular cells are scattered irregu-

larly throughout the grey matter, without forming distinct groups,

though for descriptive purposes those of the centre have been named
the central group. In a stained, transverse section of the cord are

seen numerous nuclei; these undoubtedly belong both to small

nerve-cells and to connective-tissue cells, but except under the most

favourable conditions the two are indistinguishable. The larger

nerve-cells present the usual characters of nerve-cells : more or less

granular contents, nucleus, well-marked nucleolus, more or less

marked fibrillation ; their processes are usually more homogeneous.

The cells are frequently j)igmented.

The processes of the cells belonging to the lateral group radiate

in all possible directions, but certain well-marked processes directed

towards the middle line can always be made out. From the lowest

part of this group a few processes may be traced into the ventral

roots. The small cells seem to be chiefly arranged vertically, al-

though their processes radiate in all directions (Stiedaj.

The Fibres of the grey substance are nearly all non-medullated.

They may be traced in all directions, but the best-marked groups

are either vertical or transverse. The vertical fibres appear to arise

from the central grey matter, and to ascend in larger or smaller
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bundles towards the periphery. The transverse fibres are arranged

chiefly in the two commissures : the dorsal commissure [coinmissura

superior) is the smaller; the fibres are parallel, and show no trace

of decussation ; externally they radiate in various directions to the

dorsal horns. The ventral commissure is composed of two layers^ the

upper grey {commissvra inferior grisea), the lower white [coriinmsura

inferior alba) ; both are interrupted by the septum medium. A well-

marked decussation of the fibres is seen in the middle line ; the exact

mode of termination of these fibres has not been made out, but many
appear to communicate with the large cells of the ventral horns.

The white matter consists chiefly of longitudinal, medullated

fibres, in which various columns may be distinguished. The dorsal

columns are separated from the lateral by a process of nem-oglia,

continued from the general investment of neuroglia lying under the

pia 7nater. The line of separation between the lateral and ventral

columns is not well marked ; it is about the line which would be

formed by prolonging the ventral horns to the surface.

The fibres vary in size, and fibres of all sizes may be found

in any particular part of a transverse section ; still the fibres of the

ventral columns have an average greater diameter than those of

the lateral columns, and the fibres of the dorsal columns are finer

than those of the lateral. The largest fibres of the ventral column

are placed near the ventral fissure and on its lower border; they

attain their greatest development in the posterior enlargement;

these fibres frequently contain two or three axis-cylinders each.

Koppen suggests that they may represent theformatio reticularis of

higher animals.

In the lateral columns the larger fibres are placed close to the

grey matter, these columns also receive fibres from the cells of the

lateral group.

In the dorsal columns the radiating root- fibres never reach the

median plane, but leave an area of purely longitudinal fibres on each

side of the dorsal fissure ; these represent GolFs columns, and have

a club-shaped outline in transverse section.

The white matter is pierced in all directions by fine connective-

tissue fibres and bundles of fibres which radiate from the grey matter;

some branch and join with others to form a network, others pass

almost uninterruptedly to the periphery. From the connective-tissue

cells of the/)?a mater, processes pass into the white matter and assist

in completing the connective-tissue matrix for the nervous elements.

Dorsal roots of the spinal nerves. Each root consists of a
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sing-lo bundle of nerve fibres, which suddenly bends at the periphery

o£ the cord in order to descend vertically through the white matter

towards the dorsal horn ; the fibres divide into three sets, one to

the dorsal commissiu'e, a second to the iipper born itself, and the

third helps to form the dorsal columns.

Ventral roots of the spinal nerves. Each ventral root consists

of tkree or four delicate threads, which may be traced to the ven-

tral cornua, which they reach after a vertical or very slightly

oblique course through the white matter. Other fibres arise from

the ventral columns, but these oblique fibres never extend to the

median plane.

Pigment is found distributed irî*egularly through a section from

any part of the spinal cord ; it is increased in amount in those parts

in which there is an increased amount of grey matter. The pigmen-

tation is always found more marked in the lower parts of the

ventral horns than in other parts.

B. The Brain (Figs. 98, 102, 103, and 105).

1. General description. From behind forwards, the dorsal

surface of the brain presents the following parts for examination :

the medulla oblongata^ the cerehellum, the optic lobes, the thalamen-

cephalon, the cerebral hemispheres, and the olfactory lobes.

The medulla oblongata is a direct continuation of the spinal cord ; it

is wider anteriorly than posteriorly, and is separated in front from the

optic lobes by a vertical plate of nervous matter, the cerehellum. The

optic lobes are two symmetrical ovoid bodies touching each other in

the median plane, and together forming the widest part of the brain.

In front of the optic lobes is the thalamencephalon, with a thick

vascrdar membrane, the choroid plexus, lying on its upper surface,

and connected with the pineal gland ; the thalamencephalon extends

forwards between the posterior ends of the cerebral hemispheres.

The cerebral hemispheres are two symmetrical ovoid bodies, narrow

in front, wider and slightly diverging behind : each hemisphere is

prolonged forwards to form an olfactory lobe.

The ventral surface has in front the olfactory lobes, then the

cerebral hemispheres, behind these the lamina terminalis, the tuber

cinereum, the optic chiasma, the pituitary body, the crura cerebri,

and lastly the medulla oblongata, in the order here given.

The various cranial nerves (Figs. 103 and 103) may be seen to

arise as follows :—The olfactory nerve (/, /, L.ol') arises directly
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from the anterior end and outer side of the corresponding- olfactory

lobe, and from the cerebral hemisphere. The optic nerve {To and

II) arises, as the optic tract, from the side of the brain below the

optic lobe, whence it passes to the chiasma on the under surface of

the brain. The oculo-motor {III) takes its origin from the ventral

surface close to the median line and between the crura cerebri.

The pathetic or trochlear nerve {IV) is attached to the dorsal

surface between the optic lobes and the cerehellum. The trige-

minal nerve {V) arises from the side and anterior part of the

medulla oblongata. The abducens {VI) arises behind the pituitary-

body close to the median line from the ventral surface of the

medulla halfway between the mlcus and the origin of the vagns.

The facial and auditory {VII and VIII) nerves arise from the

medulla oblongata behind the trigeminal nerve, the facial being"

in front of the auditory nerve. The glossopharyng-eal {IX) nerve

arises, in common with the pneumogastric nerve {X), behind the

auditory nerve.

2. The several parts of the brain.

a. The medidla oblongata (Figs. 98, io2, and 103 Mo)—a. External

form. The medidla is limited behind by the origin of the first pair

of spinal nerves, at which point a very faint constriction is sometimes

found : it extends forwards as far as the cerehellum.. It g-radually

widens as it passes forwards until just before it reaches its anterior

limit, where it presents a shallow but sharp constriction. The

dorsal surface is characterised by the presence of a deep, triangular

fossa, the fourth ventricle (Fig. 98 S.r), {ventriculus qnarfns,

Stieda; sinus rhomboideus s. sinus triangularis, Reissner; fossa

rliomhoidalis) ; the sides of the triangle are, however, not quite

straight, but are slightly bent outwards just before they converge

towards the posteriorly-directed apex ; the base of the triang-le

is formed by the cerebellum. By careful examination, the ventricle

is seen to be continued for a short distance under the cerebellum,

where it opens into the Sylvian aqueduct. In the floor of the fourth

ventricle is a well-marked median longitudinal fissure {sulcus cen-

tralis), (Fig. 98 8). Into the posterior part of the ventricle opens the

central canal of the spinal cord. As the fourth ventricle is formed

by the white matter passing to either side, and the simultaneous

flattening- of the grey matter, the floor of the fourth ventricle is

composed of g-rey matter.

The fourth ventricle is closed in by a highly vascular mem-
brane, the choroid plexus of the fourth ventricle {plexus clio-
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Fig. 98.

roideiis veniricnli qvaHi, Reissner; velum meclullare jjosterhis). The
blood-vessels of the plexus will be described together with the

other vessels of the brain (p. 162). They

are supported by a connective-tissue matrix,

and the whole covered with flattened epi-

thelium, which in the fourth ventricle is

ciliated and often pig-mented.

The ventral surface of the medulla ob-

longata (Fig-. ]02 Mo) has a median ventral

longitudinal fissure, a direct continuation of

that of the cord ; in the anterior part of the

merhilla oblongata there is also to either side

of this a lateral fissure, continued on to the

crwa cerebri ; these fissures correspond to

the positions of the two ra?ni poderiores of

the internal carotid arteries ; they are always

well seen in microscopical sections. The

wednlla oblongata is so intimately connected

with the jijar* commissttralis (pp. 149, 150)

that the minute anatomy of the two is best

desci'ibed at the same time.

yS. Internal structure. Examined by

means of serial sections, the medulla otjlou-

gata is seen to have, in comparison with the

cord, an increased amount of grey matter
;

this is especially the case in its anterior part.

The floor and inner parts of the walls of

the ventricle are formed of grey matter, in

which the largest-sized cells have disap-

peared, to be replaced by medium-sized

cells. Traced from behind, the ventral

horns of the cord are seen to increase in

size and to be more widely separated until

they form two isolated masses, while the

dorsal horns gradually diminish ; at the

same time they are forced outwards and upw^ards, until they lie under

the floor of the ventricle, and so extend to t}xe pars peduncnlaris.

Grey matter. The substantia reticularis is not present, but the

septum, medium extends forwards as far as the pars peduncularis.

The central canal extends upwards at the expense of the tissue

above it, and is here pear-shaped ; at tlie same time the dorsal

Dorsal view of brain of Rami
escitlenta.

Ad
C

f

Choroid plexus.

Cerebelhim.

Groove between cerebral

hemispheres and olfactory

lobes.

Opening in the roof of the

tliird ventricle.

Pineal l»dy.

Cerebral liemispheres.

Olfactory nerve.

Wall of fourtli ventricle.

L.ol Olfactory lobe.

L.op Optic lobe.

Mo Mednlla oblongata.

S Longitudinal fissure of the

fourtli ventricle.

S.r Fourth ventricle.

Tho Thalamenceplialon.
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longitudinal fissure deepens until the two meet in the fourth ven-

tricle; beyond this point one cannot speak of dorsal and ventral

horns.
Fig. 99. Small nerve cells are irre-

gularly distributed through-

out the whole of the grey

matter and cannot be

grouj^ed; the larger cells,

on the other hand, are

arranged in distinct groups

which have special relations

with the nerves arising

from the part. Occasion-

ally these groups are not

so isolated as usual ; in

this case processes of one

group can be traced into

another group (Reissner).

Of these groups the chief

Transverse section through liinder end of Medulla are *

oblongata (mygnified 30-80)1, from Stieda.

b Inferior commissure. I. The miclcUS Centralis

g vZfJ'ZZ. (^PPer inner group, Reiss-

h Fourtii ventricle. ngr) nucletis mechillae oblon-
i Nucleus centralis. '

c\ • •\ /tt -x •

ft Isolated mass of grey matter in which longitudinal gutae, Stlcda (Fig. 99 l), IS

fibres of the pneumogastrio nerve course. r» ni; i j.
^ ^ a group or cells round to-

wards the hinder end of the medulla oblongata, on either side of and

below the central canal ; the group can be traced under the floor of

the fourth ventricle to about its middle. The cells are rounded or

spindle-shaped, the processes directed upwards, downwards, or out-

wards ; their average size is o-040-o*048 mm. long by 0*020 mm.
broad.

2. The auditory nucleus {iincleus acusticus, Reissner, Stieda),

(Fig. 100 n) is a large group of cells found in the wall of the

fourth ventricle oj)posite the point of origin of the auditory nerve.

The cells are rounded, pear-shaped, or of spindle form, and inter-

spersed between the nerve fibres ; these cells have an average

length of 0-040 mm., and are about half as broad. The fibres

of the auditory nei-ve radiate from their superficial origin in all

' In these diagrams, from Ludwig Stieda's Studien iiber das centrale Nervensystem

der Wirbelthiere, the outline of the diagram is magnified thirty times, while the

details are magnified eighty times.
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directions through the grey matter towards these cells, and evidently

communicate with them (Fig. loi j?;). One small group (Fig. loi r)

passes to a lower level than the rest, and is regarded by Stieda as

Fig. loo.

Transverse section through the Medulla oblongata at the point of origin of the abdiicens nerve,

from Stieda. Magnified 30x80.)

h Fourth ventricle.

m Abducens nerve.

/( Auditory nucleus.

o Abducens nucleus.

the true auditory centre. Kcippen considers that the auditory nerve

has a threefold origin : (i) from small cells on the median surface

of the auditory area
; (2) from the large cells between the above ;

(3) from a group of free nuclei on the dorsal surface of the auditory

area.

3. The trigeminal nucleus {nudetis trigemmiis), (Fig. loi q)

lies in part beneath the auditory nucleus but extends further

forwards. It forms a rounded group of cells placed under the outer

angle of the grey matter. The cells are somewhat crowded together,

and are chiefly of an elongated spindle-form, ^àth their processes

directed obliquely downwards and outwards. The fibres of the trige-

minal nerve sej)arate into two groups ; the upper group is best traced

in a horizontal section, the fibres curving round to join the longitu-

dinal fibres continued from the dorsal columns of the cord. The
fibres of the lower, smaller group pass transversely inwards to the
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trigeminal nucleus. According to Reissner the latter fibres are

motor^ the former sensory. Probably other nerves are connected

with the hinder part of this group.

4. The abducens nucleus (Fig. 100 0). From its superficial

origin, the fibres of the abducens nerve may be traced vertically

upwards to a small, rounded, grey mass ; at this point the mass
is somewhat isolated, but further forwards it may be traced

as belonging to the central grey matter; it contains small spindle

cells.

P'içr. loi.

Transverse section of the Medulla oblongata, at the point of origin of the a>iditory nerve, from
Stieda. (Magnified 30x80.)

/* Fourth ventricle.

n Auditory nucleus.

o Abducens nucleus.

p Auditory nerve.

p' Ganglion of auditor}' nerve.

1/ Hij;t<iBr portion of trigeminal nerve.

r B .i( lie of fibres arising from trigeminal nucleus and joining the auditoi-y nerve.

5. The pneumogastric nucleus. The pneumogastric, with its

numerous irregular roots, arises from the side of the ineduUa ob-

longata. The hindermost fibres can be traced as a small bundle,

passing almost transversely through the white matter to the outer

margin of the grey matter. The larger portion of the fibres is

placed in front of these
;

part of this seems to be directly con-

tinuous with the longitudinal fibres of the white matter; a

second part, however, can be traced from the sui-face ti'ansversely
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through the white matter to the grey matter. These latter fibres,

together with those of the group first described, do not arise from

the grey matter in this part of the medulla ohlongata, but em-ve

round and run backwards longitudinally through the grey matter,

thus forming a rounded bundle of fibres (Fig. 99 F). Between these

fibres are interspersed small nerve-cells and nuclei which disappear

as the fibres approach the white matter. The vagus undoubtedly

receives fibres from the grey matter throughout a long course,

and again receives a large bundle just before leaving the grey

matter. The more exact origin of the various fibres has not been

traced.

6. The 7ivclens magniis (Reissner and Stieda) is a very peculiar

group of cells placed on either side, in the most anterior portion of

the jf^ar^ commissuralts, that is, immediately underneath the valvula

cerebelli. The large cells are arranged in a transverse section in a

single row so as to enclose a pear-shaped space on either side, which

has its long axis directed from above, downwards and outwards, the

nai-rower end being above. In longitudinal section the line of cells

is seen to be open in front. The sjiace enclosed by these cells is

occupied by a granular ground-substance which contains only few

nuclei. Bellonci is of opinion that these nuclei represent the corjjora

quadrigeinina posteriora of higher animals.

White matter. In the hinder part of the mednlla ohlongata the

arrangement of the white matter resembles that of the white

matter of the spinal cord; fm-ther forwards the white matter of

the dorsal siirface commences to pass to either side, and ultimately

it forms the outer part of the walls of the fourth ventricle. The

fibres of the white matter of the ventral surface are unchanged in

direction as they proceed forwards. The fibres of the anterior part

of the medidla are thinner than those of the posterior portion

(Stieda), according to Reissner they gradually thin as they j)ass

forwards. The fibres are nearly all longitudinal, suc^^ transverse

and oblique fibres as are present being chiefly in conntction with

the various nerve-roots and the commissures.

The commiMura superior is naturally lost in consequence of the

opening of the central canal into the fourth ventricle ; the com^

misaura inferior is increased in the anterior half and decreased in

the posterior half of the 'medulla oblongata ; in the latter the

fibres become more and more oblique, and decussate very freely;

ultimately they seem to be either continued as longitudinal fibres or

to join the ganglia.

L 2
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Near the ^mrn comnmmralis is a transverse arched band of fibres,

passing- from the under surface of one half of the cord over the

ventral longitudinal fissure through the septum medium to the under

surface of the opposite half
;
part of the fibres are continued up-

wards along the periphery to the cerebellum, part to the micleiis

magnus. Vertical, straight, or slightly arched fibres are found in

the walls of the fourth ventricle.

A section from the medulla oblongata has a larger amount of

pigment than a section from the spinal cord, and the anterior portion

of the medulla oblongata contains more than the posterior portion.

The pigment is chiefly found in a curved line, placed in the lower

and outer parts of the grey matter ; the amount present varies in

different specimens,

b. The Cerehellnm and Valvula cerebelli.

a. External form. The cerebellum, is a thin, semilunar plate,

which projects between the optic lobes and the fourth ventricle,

its base covering the most anterior part of the ventricle; the

posterior surface possesses a very faint median fissure (Reissner).

The valpula cerebelli [Velum medullare anterius, Reissner) is the thin

lamella which connects the anterior surface of the cerefjellum with

the optic lobes.

/3. Minute structure. By means of longitudinal, vertical sec-

tions, the posterior surface of the cerebellum is seen to be covered

with epithelium ; in the lower part of the surface this is coliunnar

or conical, above it is flattened : immediately beneath, that is in

front of this is a finely granular layer, with very closely packed and

granular nuclei. In front of these is a stratum of nerve-fibres

forming the second layer of the cerebellum.

Still more anteriorly is the third layer of the cerebellmn, an

irregular double layer of large cells (Purkinje^s eells^ Denissenko) ;

the cells have an averag'e length and breadth of 0*040 mm. and

0*015 mm. respectively; they are pear-shaped or of spindle-form,

and possess usually two well-marked processes, one passing into

the layer behind, the other forwards into the anterior layer to be

immediately described, while other less distinct jirocesses radiate

irregularly in all directions. The fourth and most anterior layer

of the cerebellum is a thick stratum of nerve fibres with numerous

nuclei (o*oo6 to 0*008 mm. diameter). The fibres are for the

most part arranged transversely, but some course in various direc-

tions. These fibres underlie the flattened epithelium which covers

the anterior surface of the cerebellum.
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The fibres of the second lawyer Fig. 102.

course, for the most part, in an almost

vertical plane ; they connect the cere^

bellam with the optic lobes i^procesms

cerebelll ad corpora lAgemina^ and with

other parts of the brain.

The fibres of the fourth layer re-

ceive numerous long" processes from

the larg-e cells of Purkinje; they form

a large commissural system, which can

be followed ventrally on each side into

the pars cowmissvralis. A part of the

fibres ends here in the g'rey matter, a

second portion enters the auditoiy area

and forms a descending auditory root,

a third part joins the lateral columns

(in the medulla oblongata), and more an-

teriorly some join the ventral columns.

The descending fibres from the cere-

bellum, together with the fibrae arcit-

atae found in the ventral cohimns,

indicate the presence of a pons Va-

rolii. The fibres of this ventral com-

missure decussate only on its dorsal

surface (Koppen).

The Falvnla cerebelli contains a few w, optiu tract.

medullated fibres and the roots of the
J"f

T"»^«r cinereum.

J 11 XI 1} l^
}'' ,> root of the olfactory nerve.

trochlear nerves; these pass from the /12nd)

'medulla oblongata into the valmda m oraîo-mÔtor nerve,

cerebelli, cross in the median line, and [l\
i';"«h'ear nerve.

' ^ \ I Abducens nerve.

then proceed forwards as the troch- >'. ''A ym Trigeminal, facial, and

, auditory nerves.

lear nerves. /.Y, A', XI Glossopharyngeal, imeimio-

gastric, and iuxessory nerves.

The pigment in the jij«;v? commissu-

ralis is arranged in a curved line similar to that found in the 'me-

dulla oblongata, hut the line is shortened at either extremity, and

consequently does not extend into the ceretjellum.

c. The optic lobes and Crura verehri. (Corpora geminata and

Pars pjeduncularls, Reissner ; Lobus ojjticus, Stieda ; Vierhiig-el,

Tiedemann ; Vierhiigel (Zweihiigel) and Pedunculi cerebri, Schiess ;

Mesencephalon, Huxley .

)

\entral view of brain of liana

ngcukida.

Cho Optic chiasrua.

lie Cerebral hemispheres.

//// Pitnitary body.

L.iil Olfactory lobe,

i.oA ()rigin of olfactory nerve from

tlie cerebral hemisphere.

LI Lamina terminalis.

Mo Medulla oblongata.
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a. External form (Fig-s. 98, 102, 103 L.ojj).

Fig. 103.

II To Tii.c Hy

Lateral view of brain of Jlana escuknfa

Mo

Ad
C
Gp
lie

Choroid plexus.

Cereb3lluni.

Pineal body.

Cerebral hemisphere.

Pituitary body.

Tu.c Tuter cinereuni.

,
°

J > root of olfactory nerve.

II Optic nerve.

/ V Trochlear nerve.

L,ol Olfactory lobe. V Trigeminal nerve.

L.ol^ Disc at origin of second root. F// Facial nerve.

L.oi) Optic lobe. VllI Auditory nerve.

Mo Medulla oblongata. /A", A', A'/ Glossopharyngeal, pneumo-
Tho Thalamencephalon. ga.stric, and accessory nerves.

To Optic tract.

The optic lobes

are two promi-

nent ovoid bodies

placed immedi-

ately in front of

the cerebellum,

and connected

with it by the

valvula cerebelU ;

posteriorly they

touch each other

in the median

plane, while an-

teriorly they di-

verge and thus

constitute the

widest part of

the brain ; in the

anglethus formed

is the thalamencephalon. The optic lobes are always more darkly

pigmented than any other part of the central nervous system.

The Crura cerebri are two columns of white matter, placed beneath

the optic lobes, and partly hidden by the pituitary g-land. At their

junction with the medulla oblongata, or rather with the pars coiii-

mumralis, is a very slight transverse fissure ; at the same point the

ventral longitudinal fissure is interrupted by an extremely small

grey tubercle (Stieda).

/3. Internal structure. From the anterior extremity of the

foiu-th ventricle a canal, the Sylvian aqueduct (^Aqueductus S>/lvu,

iter a tertio ad quartum ventriculum), may be traced forwards under

the cerebellum, in the median line of this section of the brain. At
about opposite the middle of the length of the optic lobes the canal

is dilated and communicates with the cavities or ventricles [Ventri-

culi lobi ojdici, Stieda) enclosed by these ; a general cavity is

formed, which in transverse section has something of the form
of the letter y. The roof of the cavity is thinner than the floor;

this is especially the case in the median plane opposite the superior

longitudinal fissure between the optic lobes ; the floor is thinned

in the middle line by the descending portion of the cavity. The
cavity of each optic lobe extends both forwards and backwards

beyond its point of communication with the dilated Sylvian aque-
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duct, hence in a transverse section taken in front of this point

(Fig-. 104 //') the cavity of either side appears to be isolated; in

a horizontal and longitudinal section (Fig-. T05 Aq) the general

arrangement of the parts may be well seen.

The grey matter „.^ '' Fig. 104.

is chiefly arranged

in a layer so as to

surround the cavity

(Fig-. 104), this layer

being deeper on

either side of the

descending portion

of the cavity than

elsewhere. For the

rest the grey matter

is much interspersed

among the white

matter, except at the

circumference of the

section, which is en-

tirelyformed ofwhite

matter. It contains

a large number of

small cellSj of which

the nuclei are alone

visible in the parts Transverse section through the anterior jjortion of the optic lobes

.
' opijosite the origin of the motor-oculi nerve ; from Stieda (mag-

mentioned where the nified 30-80).

I^Dwer portion of cavity.

Lateral portion of cavity.

GangUa of oculi- motor nerve.

Oculo-motor nerve.

Large cells of the optic lobe.

Roof of optic lobe.

Posterior commissure.

Anterior diverticulum of the cavity.

layer is most marked

these cells are ar-

ranged in oblique

rows, between which

pass flne bundles of

medullated fibres

(Fig. T04, between 71 and //). A group of large cells (Fig. 104 v) is

found on either side of the middle line and under the floor of the cavity ;

the cells are about 0-032 mm. long, and 0*0 16 mm. broad ; the oculo-

motor nerve may be traced to this group, which is the oculo-motor

nucleus. A small commissure of decussating fibres connects the

nuclei of opposite sides (Koppen).

The substance of the roof of the optic lobes (Fig. 104 x) is

arranffed in verv distinct la vers : above is a laver free from cells ;
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the fibres of this layer are extremely fine and delicate, and have

not been accurately traced ; under this is a nuclear layer ; a second

layer of fine fibres follows, which is succeeded by a second layer of

nuclei in a granular matrix, and lastly epithelium (Stieda). (Reissner

describes three nuclear layers in Biifo variabilis, and this is also the

ease in R. temjooraria, G. H. ; according' to Koppen, the number is

variable.) In the anterior portion of the roof a distinct bundle of

fibres may be made out ; externally they bend downwards, and can

be traced as far as the crura cerebri.

Fibres corresponding with the commissural and arched fibres of

the medulla oblongata are continued into the hinder portion of the

crura cerebri, the change from pars commissnralis to crura cerebri

being very gradual. The longitudinal white fibres are much in-

creased in number in the c7-ura cerebri, and a portion of them can

be traced to the nucleus magnus.

A peculiar irregular group of large cells (Fig. 104 iv) is found

where the roof meets the crura cerebri ; these vary in diameter from

O"034 to 0*040 mm., and their processes are very indistinct.

The fibres of the optic tracts arise, according to Koppen, from

two different origins : the one lies on the hindermost part of the

optic lobe ; from this point the fibres curve downwards and forwards

to form longitudinal fibres; this root Koppen names the ventral

ascending root, it can be traced through the entire length of

the organ. The second root arises in the tectum opticum near the

longitudinal fissure; it is smaller than the foregoing, and has

been named the dorsal ascending optic root. The fibres of these

two roots unite anteriorly near the posterior commissure, at which

point they receive additional fibres (Koppen). Bellonci traces a

large proportion of the fibres of the optic tract to the nucleus

magnus, which pair of nuclei, as already stated, he regards as the

posterior pair of corpora qioadrigemina of higher animals.

The pars peduncularis is the continuation of the pars commissn-

ralis underneath the optic lobes ; a gelatinous mass lying in the

median plane and containing numerous isolated nuclei {Ganglio^i

interpedunculare) divides it into two lateral halves. The longitu-

dinal fibres are ungrouped posteriorly, but arranged in rounded

strands in the middle, especially dorsally; anteriorly the grouped

arrangement is lost and the number of fibres diminished.

The pigment of this region has, in a transverse section, an outline

which has something the form of a lyre ; commencing on either side

of the median line, and underneath the deepest portion of the cavity.
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the pigment line passes^ first, directly outwards ; then suddenly turns

upwards and slightly outwards parallel with the wall of the deeper

part of the cavity ; it then cui-ves outwards to pass below the cavity of

the optic lobe, where it divides, one portion passing outwards, the other

between the Sylvian aqueduct and the ventricle of the optic lobe.

d. The Thalamencephalon (Huxley), [Lobus ventrmdl tertii,

Stieda; Thalaml ojjtici, Keissner; Thalamus opticus s. Lohus ventri-

culi tertii, Stannius ; Ganglien der Haemisphaeren, Cai-us).

a. External form. From above (Fig. 98 Tho) the thalamence-

phalon is seen as a lozenge-shaped mass lying in front of the optic

lobes, and behind and between the diverging posterior ends of the

cerebral hemispheres ; it is covered by a thick vascular membrane, the

choroid plexus, through which passes the pedicle of the pineal

body [Glandula pinealis). On removing the choroid plexus a small

apertm-e is seen in the roof of the thalamencephalon, connecting

the hollow pedicle of the pineal gland with the tliird ventricle.

The ventricle appears as a narrow slit in the median line, its

walls being formed by the optic thalami. By ^'g- io5-

pressing aside the cerebral hemispheres the pos-

terior comnaissure [Covimissura posterior) may
be seen lying quite in front and deep in the

cleft of the ventricle. Immediately behind the

pedicle of the pineal body is a slight but well-

marked depression (Fig 98 G), the origin of

which has not been investigated (Wiedersheim).

The choroid plexus is continued forwards

between the cerebral hemispheres (Figs. 98,

103 Ad) for some distance, and terminates in

a fine thread of connective-tissue.

The inider surface of the thalamencephalon

(Fig. 102) is divided into two parts by the

optic chiasma {Clio) : the anterior portion

(Lf) is the lamina terminalis [Suhstantia cinerea

anterior)', the posterior {Tu.c) the tuher cine-

reum. The lamina terminalis is bounded on

either side by the cerebral hemispheres. The
tuber cinereum (Figs. 102, 103 Tit.c) is a small

median swelling immediately behind the optic

chiasma, and caused by the depression of the

floor of the third ventricle to form the iiifuu-

dibulinn [Diverticulum infundibidi, Reissner).

Horizontal section tlirough

the brain to show the ven-

tiicles.

Aq Ventricles of optic lobes

and the aqueduct of

Sylvius.

Dv Third ventricle.

MF Foramen of Monroe.

Sv Lateral ventricle.

Vv Fourth ventricle.
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The pituitary body [H?/poj)Ji!/sis cerebri) is a flattened sac, placed

behind the faber clnereum and continuous with it by means of the

infundibulum.

13. Internal structure. The aqueduct of Sylvius, after commu-

nicating' with the ventricles of the optic lobes, ag-ain contracts

(Fig. 105), but still remains somewhat larg-er than before. In the

thalamencephalon the Sylvian aqueduct opens into the third

ventricle, which gradually assumes the form of a vertical slit with

the walls bulging- slig-htly outwards in their upper parts. The

thin roof of this ventricle, where complete, contains a band of

transverse fibres. The floor is depressed both before and behind

the part immediately above the optic chiasma, the posterior de-

pression lying above the tuber cinereum, which here descends

towards the infumJlbiiluw : a transverse section through this por-

tion of the third ventricle has the form of a square standing on

one angle, the superior angle being- produced into the vertical

slit of the general cavity. The anterior depression is formed

by the general cavity being prolonged downwards and forwards to

the lamina terminalis in the form of a narrow and shallow slit.

The white and grey matter of the thalamencephalon are only so

far distinct in that the portion immediately surrounding the cavity

is darker than the rest of the section. In the immediate neig-hboiir-

hood of the cavity are many small cells and nuclei, which become

scarcer further from the ventricle ; they are arranged in rows,

separated by a fibrillated matrix. On either side is a distinct bundle

of longitudinal fibres, the ' round bundle ' of Koppen, which come

from the optic lobes but appear to arise from either the pars com-

missuralis or the medulla oblongata, and to receive additional fibres

from the optic thalami ; they pass forwards to the base of the

cerebral hemispheres (Stieda). A second set of longitudinal fibres

arises in the sv;bstance of the tuber cinereum and passes forwards

to the hemispheres (strand of the Tuber-cinereum and Thalamus,

Koppen) ; this band, together with the ' round bundle,^ form a crus

cerebri (Koppen).

The commissural fibres of the thalamencephalon are : (i) a com-

missiira transversa Halleri in the posterior portion of the organ;

(2) an optic commissm-e, consisting- of fibres arising from the thala-

mencephalon (thalamencephalic root) and crossing the median line

to join the optic tract of the opposite side
; (3) a probable com-

missure between the optic nerves just in front of the chiasma

opticorum ; the existence of the latter is not yet proved beyond
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doubt
; (4) the larg-e commissure of transvevse fibres found in the

roof of the third ventricle ; whether the fibres decussate or not is

uncertain (Koppen).

The fibres of the larg-e commissure of the roof are, in part, con-

tinued into the strand of the Taber-cinereum above mentioned, and

thus conducted to the posterior parts of the hemispheres (Koppen).

A g-roup of fibres (Meynert^s band, Koppen) is found in each lateral

wall of the third ventricle ; they pass from the reg-ion of the nucleus

2Mrvus downwards in a ciirved course almost parallel with the ex-

ternal border of the thalamencephalon.

A distinct group of cells may be noted in this section of the brain,

an arciform or circular group [Nucleus parvus, Reissner
;
gang-lion

of the J/aùeunla, Koppen) of large spindle cells (averag-e diameter

O'oiô mm.), placed under the upper border close to the third ven-

tricle; the group extends alongside the Avhole length of the

ventricle. A second group lying- in the middle and posterior parts

beneath the ventricle, Koppen names the ' ventral nucleus ' of the

thalamencephalon.

The pigment in the posterior part of the thalamencephalon is

arranged in a manner similar to that in the optic lobes and crura

cerebri ; anteriorly where the third ventricle is prolonged forwards

and downwards the arrangement is diiferent ; the pigment lies in

a curved line above the process of the ventricle, with its concavity

directed downwards, each end bifurcating, in order that one branch

may pass upwards, the other downwards.

The pineal body ^ is a small vesicle placed underneath the skin

above the fronto-parietal bones ; in the embryo it is connected \\\t\\

the third ventricle by means of the pedicle - already mentioned ; the

skin covering the body is always paler than the surrounding skin, and

the usual cutaneous glands are absent in this part ; the paler spot on

the head may always be found, bvit is more distinct in Rana tewpo-

raria than in Rana esculenta. The structure on the roof of the third

ventricle, which is usually known as the pineal body, is nothing more

than a thickened portion of the choroid plexus, and consists of a

group of convoluted vessels surrovmded by pia niafer, which is de-

scribed by Wyman as being- covered with ciliated epithelium [R.

pupiens). The true pineal body is a small body with an outer con-

' Compare Elilers, Ueber die Zirbel der Haifisehe, Zeit. f. wiss. Zool. 187S, Vo .

XXX ; and Balfour, Development of the Elasmobranch Fishes, chap. ix.

^ Wieder.sheim states that the pedicle is hollow, and regards the part formerly

known as the pineal body as a thickened portion of this pedicle.
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nective-tissue capsule, derived from the pia mater ; this encloses an

irregular mass of epithelial cells ; according to de Graaf a twig" of

the ramus supramaxlllaris reaches it subcutaneously, and a blood-

vessel accompanies the pedicle through the foramen pariétale. Ac-

cording to Darkschewitschj the pedicle contains medullated nerve-

fibres derived directly from the brain.

The pituitary body (Figs. 102, 103 Hi/) when examined with

a lens is seen to consist of two portions : an anterior, superior, and

smaller white jDortion, and a larger, inferior, posterior, and reddish

portion. The anterior portion has the form of a very small, flat

disk, and is enclosed in a connective-tissue capsule which sends

in larger and smaller processes. In either transverse or longitu-

dinal section it is seen to be formed of two horizontal layers

separated by a line of blood-vessels and connective-tissue. The

upper layer consists of a granular and reticular matrix, containing

many nuclei (averaging 0'oo6 to 0*010 mm. diameter), and divided

into irregular rounded or polyhedral spaces by bands of tissue

derived from the capsule. This layer is more vascular than the

lower. The lower layer consists of a mass of clear, nucleated

rounded or polyhedral cells (o-oi6 to 0*024 mm. in diameter;

nuclei from o*oo8 to 0*0 12 mm. in diameter, Reissner)^ pierced

by very fine connective-tissue septa derived from the capsule.

The septa are, for the most part, vertical and longitudinal

(Reissner), the blood-vessels are very few.

The posterior larger portion of the pituitary body (Fig. 106) is

also compressed from above downwards, and in transverse section

as an oval outline. It possesses an external thin connective-

tissue capsule, which sends in fine processes to support a mass

of convoluted tubes, between which course a few blood-vessels
;

these tubes possess an outer nucleated basement-membrane, and

are lined with a single layer of more or less cylindrical epithelium,

which entirely fills the tube; hence the tubes possess no lumen.

The tubes are from 0*04 to 0*08 mm. in diameter ; the cells are

clear or granular, and possess distinct, rounded nuclei.

e. The Cerebral Hemispheres and Olfactory Lobes. The

cerebral hemispheres {Lohi hemisphaerici, Stieda ; Lobi cérébrales,

Heissner ; Centralmasse des Geruchssinns, Carus ; Hemisphaeren

des grossen Hirns, Tiedemannj Grosse Hemisphaeren, Schiess ;

Prosencephalon, Huxley). The olfactory lobes [Ttihercula olfac-

toria, Stieda ; Lohi olfactorii, Reissner ; Riechkolben, Schiess ; Rhi-

nencephalon, Huxley).
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a. External form (Figs. 98, 102, 103 He and L.ol). The two

cerebral hemispheres form tog-ether the largest section of the

brain ; from above they are seen to be separated by a dorsal lon-

gitudinal fissure, which is here well marked : each hemisphere is an

ovoid body with the smaller end directed forwards and continuous

with the corresponding olfactory lobe; the Fig. 106.

posterior end forms one half of the anterior

boundary of the thalamencephalon. The

olfactory lobes are two elongated, rounded

bodies directly continuous with the cor-

responding cerebral hemispheres, and like-

wise partially separated in the median line

by a dorsal longitudinal fissure : at the section thrm.gh the lower division

point of union of the cerebral hemispheres "^ «^'^«^ pituitary budy (magnified
^

. r.-,! 11 360 times) ; from Stieda.

and olfactory lobes is a ramtly marked a Tubes lined with epitiieiium.

X -i
• b Blood-vesseW.

transverse depression.

On the ventral surface the parts are again marked off from

one another by a corresponding ventral longitudinal fissure and a

transverse groove; the two longitudinal fissures being* continuous,

anteriorly, between the olfactory lobes. The cerebral hemispheres

appear to be more widely separated behind (Fig. J02) than is

the case on the dorsal surface, and in the space so formed is

the lamina termhialis {Lt). Seen from the side, the slight depres-

sion of the upper surface, between the cerebral hemispheres and

the olfactory lobes, is seen to be continued do^Aaiwards and

slightly backwards to join the corresponding groove on the inferior

surface.

The longitudinal fissures are shallow and do not meet, except

at one point, at about the middle of the cerebral hemispheres

(Fig. 105). The olfactory bulbs arise superficially (Figs. 102, 103 /'

and L.ol) from the whole length of the olfactory lobe, between the

anterior extremity (/) and the posterior [L.ol), where they are also

attached to the cerebral hemispheres.

/3. Internal structure. The cerebral hemispheres and olfactory

lobes are hollow, the common cavity of each side being known
as the lateral ventricle [Venfriculus lateralis); these ventricles-

communicate with each other, and with the third ventricle

(Fig. 105). The narrow aperture by which the lateral ventricles

communicate is known as the Foramen of Monro {j^IF) ; it

communicates with the third ventricle posteriorly, and with the

space between the cerebral hemispheres anteriorly, and thus forms
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Transverse section

through tlie hinder

portion of the cere-

bral hemispheres
;

from Stieda.

f Lateral ventricle.

c' Coninuin ventricle

of Stieda.

d Longitudinal fibres.

/ Anterior prolonga-

tion of the third

ventricle.

a common cavity [Ventricidus coitninum lohorum heniisjjJiaericoriim,

Stieda).

In g"eneral terms, eacli ventricle may be said to be a semilunar

cavity, prolong-ed backwards and forwards (Fig-. 107 c); the outer

wall is always more or less concave, while the

inner varies according- to the part of the hemi-

sphere examined. At the anterior and j^osterior

extremities the inner wall is convex and bulg-es

into the cavity (Fig". 107) ; in the middle portion

of the cavity the inner wall presents a longi-

tudinal groove ( Veutrlcidl lateralis cormi inter-

num, Reissner), (Fig. 108 ^/), and consequently

the inner wall has here two rounded masses, an

upper and a lower {Corjms striatum^ Wiedersheim),

projecting into it. By tracing them backwards

and forwards, the lower swelling is seen to in-

crease at the expense of the upper, while at the

same time the lateral grooves disapj^ear; the

outline of the cavity shown in Fig. 107 is then

obtained. The roof of the ventricle is arched and broader than

the floor, which, in the middle part, exists only as a vertical slit

(Fig. 108), [Ventriculi lateralis cornu ivferius, Reissner): towards

the anterior and posterior extremities it widens and becomes

shallower (Fig. 107).

The cerebral hemispheres and olfactory lobes

are composed of a fine granular matrix, enclosing-

spindle-shaped, rounded, or pear-shajîed nerve

cells and nuclei, and containing very fine fibres.

The cells (Fig. 109 li) are more numerous towards

the ventricle, and somewhat sparse towards the

superficial sm'face. The cells are of two chief

sizes, the smaller and more numerous average

0*004 nim. to O'OoS mm. in diameter ; they are

found chiefly in the deeper portions of the

section, but also form a very thin irregular

layer beneath the pia mater : the larg'er cells have an average

diameter of o'oio mm. to 0"0i2 mm., and are placed towards

the periphery, especially in the dorsal part of the inner wall.

In this irregular collection of cells the following centres have

been described : (i) Tlie nucleus, through which the corjms callosum

passes (Koppen)
; (2) tlie lower internal or me<lian cell-area

Transverse section near

the middle of the cere-

bral hemispheres.

c Lateral ventricle.

d Groove on the inner

wall.
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(Osborne), situated above the foreg-oing nucleus in the posterior and

middle portions of the hemispheres
; (3) the upper internal cell-area

(Osborne) is the area o£ large cells in the dorsal part of the inner

wall; (4) the Corpus striatum (Osborne) is a mass of cells between

the corpus caUosum and the commissura anterior; Kôj)j)en doubts

the correctness of Osborne^s opinion, and sug-g-ests that a g-roup of

cells found in the wall of the third ventricle in front of ' Meynert's

band^ may perhaps be a corpus striatum.

Fig. 109.

Fioni a transverse section through one of the cerebral henusi)lieres ; from Stieda.

(Magnified 360 times.)

a Epithelium of lateral ventricle.

h Nerve cells.

c Connective-tissue jirocesses from the Pia nialer.

A bundle of longitudinal medullated nerve-fibres, the ' round

bundle/ is found on either side of the median line (Fig-. 107 iJ),

and near the lower border in the posterior j)ortion of this region
;

these fibres can be traced from the posterior section of the thala-

mencephalon ; they diminish in number as they course through the

base of the cerebral hemispheres, and are ultimately lost in the

lower anterior part of the outer walls. A second strand of lon-

g-itudinal fibres is the continuation of that of the Tnher-cinereum

above described, which can be followed to the outer wall of the

posterior part of the ventricles, and to the anterior commissure.

The commissures are : (i) The corpus callosnvi, a larg-e bundle of

transverse fibres, seen best in a transverse section, at the point of

junction between the lamina terminalis and the cerebral hemi-

spheres, forming an arch over the roof of the anterior prolongation

of the third ventricle. The fibres course to the inner and anterior

parts of the hemispheres, and are situated chiefly behind the fo-

ramen Mouroi. To this commissure must be added those fibres

which unite the two olfactory lobes, and possibly the fibres {Com-

7nissura posterior^ found in the roof of the third ventricle (Koppen).

(2) The Commissura anterior (Stieda), a smaller set, foimd immedi-
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ately under the floor of the common ventricle^ forming- in their

course outwards a curve^ with the concavity directed downwards.

This commissure connects the ' round bundles * of opposite sides,

and those fibres coursing" with the ' round bundles ' to the olfactory

lobes constitute the jjars olfactoria of the comnmsurci anterior. To

this commissure must also be added some fibres found on the ventral

surface of the comm'h^sura anterior and connecting the two strands

of the Tuber-cinerenm ; an unusually coarse strand of these fibres

can be traced to the inner wall of the ventricle, and is termed the

pars olfactoria interna by Osborne.

The general structure of the olfactory lobes resembles that of

the hemispheres ; the olfactory nerves arise each by two roots, an

outer and inner. The outer root arises from the outer wall near the

groove between the corresponding hemisphere and olfactory lobe
;

the inner or anterior root arises from the anterior surface of the

olfactory lobe. Both roots have a peculiar method of origin from

the extremely fine fibrillar network of the matrix (Nerve-fibre-

conglomerate, Koppen), in which are rounded dark bodies known
as ' glomeruli ;

' in the ' glomeruli ' dark points and nuclei are seen,

between larger and smaller bands of nerve-fibres. Koppen holds

that all the sensory nerves of the brain arise in a similar manner.

A decussation takes place between the two inner roots of the

olfactory nerves
;

possibly the external roots are connected by

means of the commissura anterior.

Very little pigment exists in the cerebral hemispheres or olfac-

tory lobes, the greater portion is found in the upper part of the

inner walls of the cerebral hemispheres.

The epithelium of the ventricles of the brain, like that of the

central canal of the spinal cord, consists of conical cells with

their bases directed towards the cavity, and their apices directed

peripherally and prolonged into distinct processes (Figs. 104, 109 à).

In such situations, as the choroid plexuses, where nervous tissue is

absent and the cavity is completed by 'pia water alone, the epithelial

cells are flattened. Everywhere else it is ciliated^ and possesses dis-

tinct round nuclei which are as broad as the cells themselves. The
epithelium is somewhat irregularly and sparsely pigmented ; the

ventral parts of the central canal of the spinal cord, of the fourth

ventricle, and of the Sylvian aqueduct are always more pigmented

than the dorsal parts.

^ Schmidt (/. c.) states that the epithelium of the centi-al canal of the spinal cord is

not ciliated.
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(^C The Coverings of the Brain and Spinal Cord.

1. The Fia wafer closely invests the whole of the brain and

spinal cord ; it may, in fact, be regarded as the flattened, outermost

layer of the connective-tissue material which supports the nervous

elements; fine processes (Fig. 109 c) pass radially from its inner

sui'face to join the general connective-tissue matrix or neuroglia.

It is usually pigmented, those portions covering the optic lobes

and spinal cord being especially deeply pigmented : on the cerebral

hemispheres it contains very little pigment ; at times, indeed,

in B. temporaria, pigment is absent from this part.

The pia mater is continued on to the choroid plexuses and pituitary

body, and on to the pineal body by means of the pedicle ; the

membrane is very vascular, and forms, especially for the cerebral

hemispheres and the olfactory lobes, a very important source for

the direct supply of blood-vessels.

2. The Dura mater ^ or lining membrane of the cranial cavity and

vertebral canal, is a connective-tissue membrane containing many
very much branched, pigmented cells. This membrane is not so

deeply pigmented as the pia mater, except in that portion covering

the cerebral hemispheres and the olfactory lobes, which is much
darker than the corresponding portion of the p'la mater.

3. The arachnoid membrane is the layer of endothelial cells

covermg the inner surface of the dura mater : by means of the

blood-vessels and nerves, etc., it is continued on to the p)^^ mater

of the spinal cord and brain, which it in like manner closely invests.

Masses of calcareous crystals are found between the epineurium

and the arachnoid (Wiedersheim) on each spinal nerve at its exit

from the intervertebral foramen, also on the trigeminal nerves in

the cranium. Additional smaller and more irregular masses are

fovmd on the dorsal part of the dura mater of the spinal cord.

D. The Vessels of the Brain and Spinal Cord. (Fig. no.)

The arteries of these organs are derived from the internal carotids

and the arteriae verteljrales. As soon as the internal carotid arteries

reach the cranial cavity each divides into two branches, an ante-

rior [Ramus anterior, SchobP) and a posterior [Rannis poderior,

Schobl) ; the anterior branches coiirse forwards on the lower part of

' These names are those adopted by Schiibl for corresponding vessels in the newt,

the translator has accepted them as being suitable, with slight modification, to the

vessels of the froif

.
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tlie surface of the brain as far as the anterior portion of the tha-

lamencephalon, where they again divide; one division^ arteria

lobi henmjjhaerici inferior externa (Schobl), continues fonvards along

the outer sui-face of the cerebral hemisphere and of the olfactory

lobe as far as the olfactory bulb, where it may still be distinctly

seen ; it g-ives off branches to the adjacent parts in its course for-

wards. The vessels of the two sides communicate A\ith each other

by means of delicate transverse vessels [Arteriae communicantes ante-

riores). The second division, arteria lobi hemispJiaerici superior in-

terna (Schobl), of the ramus anterior com-ses on the thalamencephalon

to the dorsal sui-face, gives a large branch to the choroid plexus of

the fourth ventricle, and runs forwards in the dorsal longitudinal

iissm-e ; it supplies vessels to all the neighbom-ing parts.

The rami jjosteriores converge as they course backwards, and ulti-

mately unite to form an arteria hasilaris, which is continued in the

median line of the under sm-face of the spinal cord as the arteria

spinalis anterior. The ramus posterior gives off, in its course, many
small vessels to the neighbouring parts, and two larger vessels on

either side, one of which, the arteria lobi opdici (Schobl), is distributed

to the oj)tic lobes, while the other passes to the pituitary body.

The branches of these vessels form a network in the piia mater,

from which the nervous tissue is supplied ; they also send niimerous

branches directly into the brain and cord, and these have a similar ar-

rangement for all parts of the brain with the exception of the cerebral

hemispheres and olfactory lobes ; more or less vertical branches arise

from the posterior parts of the upper borders of the rami anteriores,

from the whole of the rami pjosteriores, and from the arteria basi-

laris ; these course upwards from their place of origin into the corre-

sponding part of the brain, give off a few branches in the white

matter, and then branch freely, and at somewhat sharp angles,

in the grey matter. In the pjars commissuralis a large branch may
be traced from the ramus posterior on either side iipwards into the

cerebellum almost to its vipper border. The vessels of the cerebral

hemispheres and olfactory lobes seem to possess no other definite

arrangement than that described above. The grey matter seems,

on the whole, to be more vascidar than the white ; the vessels of

the latter are chiefly arranged radially to the sm-face, and run in

courses which are more or less straight; the vessels of the g'rey

matter are more irregular and sinuous.

The Arteria spinalis anterior courses along the whole length of

the spinal cord, giving off lateral branches and commmiicating with

M 2
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raj/i'i sp'inalex (branches of the Arteria rertebraliii). These branches

form a plexus in the pia mater, from which vessels pass at irregular

points into the cord ; one set of small vessels, described by Reissner,

pass in a straig-ht course from the superior longitudinal sinus

towards the substantia reticularis, where they divide. Other branches

pass directly from the arteria spinalis anterior, through the ventral

longitudinal fissure, and there divide ; the twigs as a rule avoiding

the septum medium and passing in greater part towards the ventral

Fig. no. horns. The vessels in the white matter are

for the most ])art radial and straight, while

in the more vascular grey matter they are

irregular and more sinuous in their course.

The choroid plexus of the third ventricle

[Plexus c/ioroiileus ventriculi fertii, Reissner)

lies, as already described, on the roof of the

third ventricle; it is somewhat triangular in

form [Plexus venosus triangularis, Sehobl), and

is evidently a prolongation of the pia mater,

with an increased supply of vessels. It re-

ceives, at its anterior angle, veins from the

cerebral hemispheres and the adjacent parts.

The under surface is covered with a layer of

ciliated pavement epithelium. At the pos-

terior angles of the plexus the veins commu-
nicate on either side (Fig. no) with the

anterior lateral prolong'ation of the vena

spinalis superior, and with the internal jugvilar

vein. The small body usually named the

pineal body, and ]3laced on the roof of the

ventricle, is only a small thickened portion of

the plexus, and consists of a group of convo-

luted blood-vessels. This plexus sends a con-

siderable bunch of vessels into the tapper part of the third ven-

tricle. The choroid plexus of the fourth ventricle [Plexus choroideus

rentricuU quarti, Reissner) is a triangidar membrane, slightly at-

tached to the borders of the fourth ventricle. Its upper surface

is flat and bounded at either side by a large vein, the vtna

sjjinalis superior ; anteriorly it is bounded by the cerebellum. The
under surface is not flat; in tlie middle line is a slight furrow

corresponding to the j)osition of a median vessel, which may, when
injected, be seen from the dorsal surface; from it a number of

spp

Diagram to show the Vena
sjnnalis posterior, the Ve-

»/«(• spinales superiorcs, and
the origin of tlie Vena
jnijularis interna.

H Hemispheres.

ji Internal jugular.

op Ojitic lobes.

iiio Medulla oblongata.

spj) Vena spinalis posterior.
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short vessels pass outwards and slig'htly backwards to the outer

border. The connective-tissue between these vessels is pushed down
into the cavity ; in this manner one obtains a double row of flattened

villous-looking- bodies, which frequently have their tips pigmented.

The under siu-face of the plexus is clothed with flattened, ciliated

epithelium.

On either side of the pituitary body is another small venous

plexus [Plexus lateralis, Sehobl); it communicates above with the

posterior angle of the choroid plexus of the third ventricle ; exter-

nally, with the internal jugular vein ; and internally \\ath its fellow

of the opposite side by more or less irregular transverse vessels,

which, together wàth a median vein from the fissm'e between

the cerebral hemisj)heres, form an irreg-ular c'lrcuius venosus aroimd

the pituitary body. These plexuses receive blood from the lower

part of the cerebral hemispheres, the thalamencephalon, the optic

lobes, and from the pituitary body. The veins of the spinal cord

open into the dorsal, vena spinalis posterioi- (Fig", no 8202^), which

bifurcates at the posterior angle of the fourth ventricle, one division

passing to either side and forming, as already described, the outer

border of the choroid plexus ; anteriorly it opens into the internal

jugular vein (Fig". 1 10 yi).

The blood-vessels, both arteries and veins, are irregularly pig--

mented, both on the surface and in the interior of the central

nervous system ; those of the cere})ral hemispheres and olfactory

lobes have very little or no pigment.
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Dorsal view of the orbit, etc. ; deep dissection.
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Fig. III.

Course of the palatine nerve.

Fibrous plate.

M. depressor maxillae.

Terminal branches of the ophthalmic nerve.

Facial with R. anterior of the glossopharyngeal.

Terminal twigs of the ophthalmic nerve.

Muscular twigs of the Ram. maxillaris.

M. intertransversar. capitis superior.

Twigs of upper eyelid.

Terminal twigs of the Ram. maxillaris.

M. levator anguli scapulae.

M. jiterygoideus.

M. sterno-cleido-mastoideus.
Sympathetic nerve.

M. temporalis.

Nasal branch.
Union of facial nerve with Ram. anterior of

the glossopharyngeal nerve.

Olfactory nerve.

Fig. 112. Dorsal view of the orbit, etc. ; superficial dissection.

i'
f the trigeminal

Motor oculi nerve.
Trochlear nerve.

R. palatinus
R. maxUlo-mandibulari
R. maxillaris

R. mandibularls
Ve (VII) Facial nerve.

Vj) Gasserian ganglion.

Trigeminus.
Sympathetic nerve.

Abducens nerve.
Facial nerve.

VIII Auditory nerve.

.Vi Ram. anterior of the glossopharyngeal.
Glossopharyngeal nerve.
Pneumogastrio nerve.

Ganglion nervi vagi.

Accessory nerve.
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e External branch of the ophthalmic nerve.

/ Internal branch of the ophthalmic nerve.

(1,9,0 Terminal twigs of the oplithalmic nerve.

II Optic nerve.

I II Motor ocuU nerve.

/ V Trochlear nerve.

Fig. 113. View of roof of mouth
a Branch of the Ram. palatinus to the Harderian

gland.
b Branch of the Ram. palatinus to the inter-

maxillary gland.
Inosculating-branch of the Ram. palatinus.
Internal naris.

Cutaneous branch of the Ram. palatinus.
Fibrous plate.

Ramus mandibularls of the facial nerve.
Intermaxillary gland.
Harderian gland.
Eyeball.

m M. masseter.
Ms.ob.i. M. obliquus inferior.

OK Upper jaw.
r M. retractor bulbi.

Fig. 114
c Cardiac nerve.

F Union of facial and Ram. anterior of the
glossopharyngeal nerve.

h Ram. hyoideus of the glossopharyngeal nerve.
la M. levator angi scapulae.
Igd M. longissimus dorsi.

m M. masseter.
mt Ram. mandibularls of the glossopharyngeal

nerve.
Ml Hyixiglossal nerve.
Mz Brachiid nerve.
Oh Anterior cornu of the hyoid bone.
oi M. obliquus internus.
phj M. petrohyoideus I.

ph2 M. petrohyoideus II.

;)ft3 M. petrohyoideus III.

ph^ M. petrohyoideus IV.

Fig. 115.
dm M. depressor maxillae.
F United facial nerve and Ram. anterior of the

glossopharyngeal nerve.

nh' I
^" gcniohyoideus.

h Ram. hyoideus of the glossopharyngeal nerve.
H Heart.
Lg Lung.
m' Ram. mandibularls of the glossoi)haryngeal

nerve.

Mx Hypoglossal nerve,
M2 Brachial nerve.
Oh Anterior cornu of the hyoid bone.
oh Momohyoideus.
j)hT M. petrohyoideus I.

Ophthalmic nerve.

R. maxUlo-mandibularis.
R. maxillaris of the trigeminal nerve.

R. mandibularls of the trigeminal nerve.

Abducens nerve.

Ciliary nerves.

mucous membrane, etc., removed.

ri M. rectus internus.
}•*' M. rectus inferior.

*<: M. sterno-cleido-mastoideus.
Mandible.
Terminal branch of Ram. j)alatinus.

Union of facial nerve with Ram. anterior of

the glossopharyngeal.
Motor oculi nerve.
Ramus palatinus of trigeminal nerve.

Ramus raaxillù-mandibularis of the trigeminal
nerve.

Ramus maxillaris of the trigeminal nerve.

R. mandibularls.
Ve ( VII) Facial nerve.
X Pneumogastric nerve.

A'l Glossopharyngeal nerve.

Lateral dissection of head, etc., to show the cranial nerves, etc.

pp Pharyngeal branches of the pneumogastric
nerve.

M. temporalis.
Muscular twigs of the Ram. mandibularls of

the trigemin;d nerve.
Tongue.
Terminal twigs of the ophthalmic nerve.
Ram. maxillaris of the trigeminal nerve.
Ram. mandibularls of the trigeminal nerve.

Ve {VII) Facial nerve.

A'l Ram. anterior of the glossopharyngeal nerve.
Glossopharyngeal nerve.
Pneumogastric nerve.

Ram. gastrici of the pneumogastric nerve.
Ram. laryngeus.

Ram. pulmonales of the pneumogastric nerve.
Accessory nerve of the jmeumogastric nerve.

Dissection of the floor of the mouth.
pli2 M. petrohyiiideus II.

]ih^ M. petrohyoideus III.

ph^ M. petrohyoideus IV.

sc M. sterno-cleido-mastoideus.
sh M. sterno-hyoideus.
sm M. mylohyoideus (submaxillaris).

strit M. submentaUs.
TT Thyroid.
Ilk Mandible.
im Miiscular twigs of the Ram. mandibularls.
.V2 Glossopharyngeal nerve.

A'3 Pneumogastric nerve.

A'3C Rami cardiiici of pneumogjwtric nerve.

X^l Ram. laryngeus of the jmeumogastric nerve.
A'3p Ram. pulmonalis of the pneumogastric nerve.

Va
Vc
Vc'

Vd
VI
vv

7ik

+

III
Vb
Ve

Vc-

Vd

tf

Z
Va
Vc
Vd

A'2

Xy,
X-il

A"3P
XI

1 The branches of the vagus which are repiesented in this figure as crossing the petrohyoid muscles ought to

be underneath them.

—

Trans.
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IL THE PERIPHERAL NERVOUS SYSTEM.

E. The Cranial Nerves.

(To facilitate reference the original arrangement of this part

has been altered.)

[There are ten pairs of cranial nerves in the frog-, which are

numbered in order from before backwards. The mode of origin of

these nerves, and their deeper relations with the respective parts of

the brain to which they belong, have already been described.]

1. The olfactory nerve (iV. olfadorius), [(Figs. 97, 98, J 02, 103,

1 1 1 7) runs a very short coru'se only a few lines in length, and

escapes from the cranium by an opening in the cartilage of the

sphenethmoid into the nasal cavity, where it divides into two branches,

each of which breaks up into a brush of filaments, to be distributed

in the olfactory mucous membrane. The nerve contains no white

fibres]. (See organ of smell, p. 385.)

2. The optic nerve (N. oj^tictis), (Figs. 97, 102, 103, in //)

[arises, as already described, by the optic tract, and joins with its

fellow at the optic chiasma or commissure, where part of the fibres

pass over to the opposite side (according- to Michel all the fibres

cross). Each optic nerve then courses outwards, piercing' the car-

tilage of the cranium and so reaching the eyeball]. (See organ

of sight, p. 408.)

3. The motor oculi (N. ocuJomotorius, Ocido-motor, Motor com-

munu), (Figs. 102, iii, 112, 113 7/7). From its origin it courses

ovitwards and forwards, perforating with a slight obliquity the carti-

laginous wall of the cranium, just in front of the Gasserian gan-

glion (Fig. 116 777); on reaching the orbit it divides into two

branches, between the Levator hulhi and the Bectus intertins and in-

ferior. One branch. Ramus superior, runs over and parallel to the

Ramus ophtlialmicus Trig, and enters the under surface of the

Rectus superior ; the second, lower branch. Ramus inferior, supplies

filaments to the Rectus internns and inferior and to the Obliqims in-

ferior. Apparently it exchanges fibres with the ophthalmic division

of the trigeminal nerve.

[That portion of the motor-oculi between its branch to the

Rectus superior and to that to the Rectus internus contains a

number of nerve cells ; according to Schwalbe {I. c, p. 235 and

Pt. XII, Fig. 4) these cells are arranged in four groups or ganglia
;
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the second g-roup forms a very slight prominence^ and is covered by

a very fine layer of nerve fibres, it also g-ives off some extremely fine

nerves to the eyeball; this is perhaps a ciliary gang-lion {^Ganglion

ri/iare, Scliwalbe), Beard, however, names it ' mesocephalic gan-

g-lion/ The other three groups are simply clusters of cells between

the fibres of the nerve.]

4. The pathetic or trochlear nerve {N. trochlearu^ pathetlcus),

(Figs. 102, 103, and T12 IV). From its orig-in it courses forwards

with and then crosses the motor-oculi ; it perforates very obliquely

the cartilaginous lateral wall of the cranium, in front of the

motor oculi but above and very slightly behind the optic foramen

(Fig*. 116); it runs parallel to and in company with the Ramns
opthalmicus tngemini, and appears to exchange a few fibres with it,

which, however, according to de Watteville, Stannius, Cuvier, and

Wyman, is not really the case. In this course it lies first to the inner,

then to the outer side of the ophthalmic, over which it passes to

supply the Rectus nHjjerlor. [The pathetic and ophthalmic nerves

are sometimes enclosed in a common sheath (de Watteville).]

5. The trigeminal nerve {N. trujemhins), (Fig-s. 97, 102, 103,

III, 112, 113, and 114 F) is the largest of the cranial nerves in

the frog" ; from its origin it runs outwards and forwards to the skull

wall, and just before reaching this enters the large Gasserimi

(jangllon. It then passes through the cranial wall immediately in

front of the au^ditory capsule, and divides at once into two main

branches (Fig. m Vg, etc.), the Ramus ojMhalmicus iXi\à\X\e, Ramus
wax'dlo-matidibularis.

The Gasserian ganglion is a large, yellow, oval ganglion placed

in a depression in the outer wall of the craniiim ; it is covered by a

' perig-anglionie g-land,"" which is similar in structure to that of

a spinal ^ periganglionic ^ gland (see p. 180), the fibrous capsule

being stronger. This ganglion receives three other nerves besides

the trig-eminal, viz. the sixth and seventh nerves, and branches of

the sympathetic.

According to de Watteville, these nerves are arranged on the

lower surface of the ganglion, so that the sympathetic is below,

the sixth above it, then the seventh, while the fifth is iippermost
;

the sympathetic splits into several bundles which join the various

branches of the ganglion ; the sixth divides into two bundles, one of

which usually joins the ophthalmic, while the other makes its exit

independently; the seventh splits into two bundles, one of which
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leaves the gang-lion as the hyomandibular branch, the other gives

some fibres to the palatine branch of the trigeminal nerve, and is

then continued as the palatine branch of the facial.]

a. The Bcuiiua opltthahnictis [liamii-s- namlis, Fischer ; Ophthalmic

or Orbital Branch, Wyman ; Orbito-nasal or Ophthalmic Xerve,

de Watteville), (Figs, m and 1 1 2 Jo). After leaving the Gasse-

rian ganglion the nerve is directed forwards parallel to the side of

the cranium, between this and the eyel)all. It lies beneath the

Bectus superior, but above all the other muscles of the eyeball and

the optic nerve. At the anterior end of the orbit it di\'ides into

two branches (<? and/) which pass through apertures {^Foramen jJi'O

ramo nasali) in the cartilage of the sphenethmoid, to reach the nasal

cavity, where they lie between the cartilage and mucous membrane.

In this position the nerves supply branches to the mucous membrane

and then pierce the skull to appear on the surface (Figs, iii,

112 g,g,g, 114 ?V<), the skin of which they supply. The branches

inosculate with each other and communicate ^^^th the anterior twiirs

of th.eRa7m(s maxillarls (Fig. 114 J c) and with those of \\\^ Ramus
_palafinns (Fig. 113 Jo).

In its course through the orbit the Ramus ophthalmicus gives

off :
—

(1) Near the Gasserian ganglion one, two, or three small branches,

which communicate with the trochlear nerve, and may then be

traced to the sclerotic of the eyeball ; some of the twigs enter near

the optic nerve, others nearer the cornea. They are regarded as

Cdiarij nerves {Nervi ciliares).

(2) A large branch, the palatine nerve [Ramus j^^^latinus),

(Figs. Ill and 113 Vb, b). This nerve, after receiving the palatine

branch of the facial, descends on the inner border of the Levator

buibi to the mucous membrane of the mouth, to which it gives

numerous filaments ; it then runs parallel and near to the median

line, lying on the base of the skull ; and near the front of the

orbit it divides into three branches. The smallest {a) suj^plies

the Harderian gland {III)) ; the second (b) continues in the course

of the original nerve, pierces the vomer, and divides, giving

filaments to the mucous membrane in its Avhole com-se, wliile-

the terminal t\\àgs supply the intermaxillary gland (Gl) and the

surrounding structures. One of these (f) ascends on the anterior

border of the sphenethmoid to the intermaxillary (internasal,

Born) space to supply the numerous glands and to inosculate by
one or two twigs with the nasal branch (/;•) of the trigeminal.
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The third hraneh of the palatine nerve (c) curves directly out-

wards, just behind the palatine bone, to the inner surface of the

maxillary bone ; it then courses backwards, pierces the fibrous

plate (dû) between the eyeball and the pterygoid bone, and ulti-

mately unites with superior maxillary division of the trigeminal

nerve (Fc'). Just before piercing- the fibrous plate it gives off a

tolerably large nerve (d) to the mucous membrane, and in its whole

course it gives off twigs to the mucous membrane and surrounding

structures ; many of these twigs inosculate with other terminal

twigs of the trigeminal.

[This nerve has been minutely described by Stirling and Mac-

donald ; these observers find that the branches form a very fine and

close plexus in the mucous membrane, etc. ; fibres were traced to

blood-vessels, glands, etc., and ganglion cells were found scattered

along the nerves. The fibres are both medullated and non-medul-

lated, and many of the cells are described as ' spiral cells ' (see page

20i), such as those described by Arnold in the sympathetic system

of the frog.]

b. The Ramus maxïUo-mandihularu [Ramus viaxillaris, Ecker and

Hoffmann ; Suj)ra-maxillary, Humphry; Upper Maxillary Branch,

Wyman), (Figs, iii, 112, and 113 Vc), This nerve is the largest

division of the trigeminal ; it runs directly outwards behind the

eyeball, in front of the auditory capsule, and between the temporal

and pterygoid muscles. After a very short course it divides into the

maxillary and mandibular nerves. The nerve gives off before its

division a few fine filaments (2',?') to the hinder half of the upper

eyelid and to the surrounding skin, also a branch (//) [not correctly

drawn in Fig. iii] which divides to supply twigs to the temj)oral

and pterygoid muscles.

(i) T\\e Ramus riiaxillaris [Ramus sî/pramaxiilaris, ^cker ; Ramus

maxillaris superior, Hoffmann ; Upper Maxillary Branch, Wyman
;

Supramaxillary, Humphry and de Watteville), (Figs, iii, 112,

113, and 114 Fc) runs outwards and then forwards, between the

eyeball and the outer wall of the orbit, to the margin of the upper

jaw [K) ; a large portion terminates in a number of small branches

for the supply of the skin of the lower eyelid, the upper lip, and of

the parts between the tympanic membrane and the external nares.

Some of these twigs inosculate with twigs of the palatine and

ophthalmic nerves. The second portion of the nerve unites with

the palatine nerve, as already described.
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(2) The Bam Kit maiuVibularls [Ramus maxillaris inferior, Hoff-

mann ; Mandibular or Lower Jaw Branch, Wyman ; Inframaxillary,

Humphry and de Watteville), (Fig's, m, 11 2, 113, 114, and 115

Vd, ns). As far as the outer margin of the eyeball, this nerve

runs parallel to and behind the Ramus maxillaris, in which course it

supplies branches to the temporal and pterygoid muscles ; it then

curves backwards, outwards, and downwards to the under surface

of the squamosal bone, where it supplies a twig to the Depressor

maxillae, and then perforates the Masseter : in this manner it

reaches the outer surface of the mandible, just behind the insertion

of the temporal muscle ; it then courses forwards, under the skin, to

the S?/mpJiJjsis menti. In this course the nerve gives off numerous

branches to the skin and surrounding parts, it also supplies the

mylo-hyoid and submental muscles ; one branch (Figs. 1 14 and

115 us) is larger than the rest, and supplies the under surface of

the floor of the mouth and lower lip.

6. The abducens nerve [Nervus abdncens, Ecker and Hoffmann
;

included in the trigeminal, Wyman), (Figs, t 1 1 and 112 VI). This

very slender nerve courses along the inner wall of the cranium from

its origin to the Gasserian ganglion {q.v.) which it joins, and leaves

this in contact with the ophthalmic division of the trigeminal

nerve : the nerve then bifurcates in the orbit ; the outer branch

supplies the Rectus extern us, the inner inosculates with small twigs

of the ophthalmic division of the trigeminal, and then gives off

a number of small ciliary nerves, already described, and one special

branch to the Refractor hulbi.

7. The facial nerve [N. facialis, Ecker and Hoffmann; Facialis

{Rortio dura), Wyman ; Facial or Jugular Nerve, Stannius), (Figs.

Ill, 113, and 114 Ve VII) arises immediately behind the trige-

minal, and runs forwards, first in company with the auditory

nerve, then alone, to the Gasserian ganglion {q.v.), with which it

unites ; it again appears at the posterior angle of the ganglion,

and escapes from the cranium in company with, and immediately

behind, the Ramus mandihularis of the trigeminal, and divides at

once into two branches.

a. The Ramus palatlnus at once unites with the palatine

branch of the ophthalmic division of the trigeminal nerve.

Wiedersheim doubts this arrangement, and holds that the two
portions arise in common from the Gasserian ganglion; neither

has Wyman {Rana pipiens) described this branch of the facial.
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[De Watteville states that the liannt-s palathius and the palatine

branch of the ophthalmic nerve are separated by the carotid artery.

In urodeles the two nerves are distinct.]

b. The Bawus liyomandihularu [Bannis jngiilaris, Hoffmann
;

Facial Nerve, Wyman), (Figs. 113 and 114, Ve FII). The nerve

is directed ontwards and backwards so as to pass aronnd the

bony wall of the anditory capsule, it then crosses over the inner end

of the columella, with which it is in close contact, and is then

joined, under cover of the sferno-cleido-mastoidens (sc-), by a branch

{Rmnus commimicans) of the glossopharyngeal (see Fig. 1 1 1 ^). The

single trunk [F) so formed is directed dowTiwards in the j)osterior

wall of the Eustachian tube to just above the angle of the mandible,

where it divides into three branches, or sometimes into two, in

which case a third nerve is supplied by one of the others, usually

by the lîaiinis hjouhus.

(i) The Ramus wandiùn/aris (Ramns wentalis, HoEmSinn ; Third

Trunk of the Facial, Wyman), (Figs. 1 14 wt and 115 ;;/) passes inside

the angle of the jaw and courses forwards, between the skin and

mylo-hyoid muscle, parallel to the Raimis mandibidaris of the

trigeminal nerve, as far as the symphysis. It supplies small twigs

to the neighbouring parts of the mucous membrane of the mouth.

(2) The Ranms hyoideus [Ramus jugularis, Hoffmann ; Second

Trunk of the Facial,Wyman), (Figs. 1 14, 1 15 /^) is the largest division

of the facial ; it courses forwards subcutaneously over the deUoideus

and the hinder fibres of the mylo-hjoideus to the anterior cornu

of the hyoid bone, supplying its muscles and the skin of the throat

and sternal region.

(3) The Ramus auricularis (First Trunk of the Facial, Wyman)
;

is a small branch, directed outwards ; it supplies a branch to the

walls of the tymi^anic cavity, and is finally distributed in tlie

skin under the tympanic membrane and behind the angle of the

mouth.

8. The auditory nerve [N. acuslirus, Ecker, Hoffmann ;
Audi-

tory Nerve, Wyman). This nerve has a very short course in the

cranium; it reaches the auditory organ by a foramen (Fig. 116

nil) in the auditory capsule, and is then distributed in the ear,

with which it will be described.

9. The glossopharyngeal nerve [^^. glossopharyngcns, Ecker;

Ramui< fjlosso-j)//ary)igcn.s, Hoffmann; Glossopharyngeal, Wyman;
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Glossopliaiyng'eal of the A'ag-iis^ Miiller), (Fig's. 102 and 103 A', iii,

113, 114, and 115 X^) arises in common with the pneumogastric

nerve, and quits the skull with it throug-h an opening (Canali-s nervl

vagi) immediately behind the auditory capsule, and at once divides

into two branches ; both of which lie under the 3I3I. intertran^-

versarii capitis and are covered by the Dejiressor mandihulae.

a. The liamiis anterior (Verbindungsast des Glossopharyngeus,

Wiedersheim j Uamus co)iimunicans, Hoffmann; Uniting Branch,

Wyman ; Laryng'eal Branch of the Vagus, Volkmann ; Conniinni-

cans adfaeialeni , de Watteville), (Figs. 111, 113, and 114 X^). This

nerve curves downwards and forwards around the auditory capsule

and beneath the Dejjremor manditjuli to join the facial nerve, as

already described.

b. The Bamus poderior {N. glossophariingeiis, Wiedersheim
;

Bamm UngnaUs, Hoffmann), (Figs. 11 1, 113, and 1 14 X-). This

nerve rmis downwards and forwards to the ventral surface of the

pharynx, dips underneath the Betrohyoideus IT , to ajij^ear again,

after a short interval, by piercing the BcfroJn/oideiis II or ///,

courses parallel to and behind the anterior cornu of the hyoid bone,

and thus reaches the floor of the mouth. The nerve then runs

forwards in a very sinvious course, close to the median line, and

between the Geniohyoideus and Ilyoglossvs ; in its course on the

floor of the mouth it crosses the hypog-lossal nerve. It sujjplies

the petrohyoid muscles, and gives numeroiTS small branches to the

mucous membrane of the pharynx (^Baiiivs pliaryngeiis, Hoffmann).

10. The pneumogastric or vagus nerve ( Vagus; Bamus intestinalis

nervi vagi, Fischer, Hoffmann ; A'agal Trunk, Wyman ; Vaso-

sympathetic, Gaskell), (Figs, r 1 1, 113, 114, and 115 X^). This

nerve arises in common with the glossopharyngeal ; the two nerves

leave the skull together by an opening in the exoccijjital bone

[Canalis nervi vagi) ; immediately outside the skull they acquire a

ganglionic enlarg-ement [Ganglion condyloideum, Ganglion nervi vagi),

(Fig. Ill XG) ; in this course the glossopharyngeal lies in front of

the pneumogastric, which it then leaves. The pneumogastric lies

first upon the M. levator anguli scapulae, then running backwards

and downwards along the hinder border of the Betrohyoideus IF
it comes to the side of the pharynx ; it is covered by the trapezius,

and passes between the hypoglossal nerve and the Aorta ascendens
;

arriving at the Arteria pulmonalis, it gives off its terminal branches.
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[Gaskell has proved that this nerve contains both sympathetic and

vag-al elements, and that it is therefore really a vago-sympathetic]

The branches

Fig. 1 1 6. and commvuiica-

tions of the pneu-

mogastric nerve

are :

—

a. Communica-

tions between the

ganglion of the

pneumogastric and

sympatheticthe

Right half of skull of l{aita esculeiita, seen from with

//
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f. The Ramus laryngeus [Becurrens vagi), (Figs. 114 and 115

X'^l) runs for some distance parallel to the pneimiogastric, separated

from it by the jjetrohi/oideus 17 ; arriving at the hinder cornu of

the hyoid bone the nerve loops roimd the Arteria 2oulmo7ialis, and

divides into two branches for the supply of the larynx.

g. The Uami gastnci (Fig. 114 A'3/7) are usually two in number:

they pierce the partial diaphragm formed by the anterior fibres of

the M. obliciuus hitemus and terminate in the walls of the stomach,

h. The Band pnlmonales (Figs. [ 14 and 115 A3/;) also perforate

the partial diaphragm, and then course along the pulmonary arteries

to the lungs.

i. The Bamus canliacus (Figs. 114 and 115 Xy). This nerve

is usually smaller on the right side than on the left ; it passes

along the dorsal svu'face of the pulmonary artery and Vena cava

svjper'wr to the Sinus venosns ; in this course it gives off two or three

twigs to the roots of the lungs : the two nerves communicate just

before reaching the heart and pass on to the auricular septum,

whence they are distribvited to the heart.

j. A slender Laryngeal nerve arises from the vagus along*side

the Bamus canliacus ; it courses along the hinder end of the greater

cornu of the hyoid to the outer side of the pharynx, which it

pierces to pass to the larynx.

F. The Spinal Nerves.

I. General description. Ten pairs of nerves arise, as already

described (p. 135), from the spinal cord; each nerve has two

roots, a ventral or anterior, and a dorsal or posterior, which unite

at their points of exit from the intervertebral foramen : just

before, and for a short distance beyond this union, each dorsal

root bears a ganglionic enlargement.

1. The length and direction of the various Nerve-roots vary

greatly; the roots of the anterior spinal nerves run a very short

course, almost transversely outwards, from their points of origin to

the intervertebral foramina : the roots of the middle and posterior

nerves, in consequence of the vertebral column being considerably

longer than that part of the cord belonging to it, pass obliquely

backwards to the foramina, the hinder nerves of the Cauda equina

running for a considerable distance in the vertebral canal (Fig. 116).

The relations of these roots are as follows :
—
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(j) The roots of the first nerv^e (iV'. //i/pof/lo.^,viit) arise from the

spinal eord at a point between the first and second vertebrae ; they

run transversely outwards to escape between the first and second

vertebrae. The dorsal root is extremely slender.

^^'^''^-
(2) The roots of

the second nerve [N.

The
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hrachialis) arise at the level o£ the second vertebra and leave the

vertebral canal between the second and third vertebrae.

(3) The roots of the third nerve arise from the cord between the

second and third vertebrae, and pass out between the third and

foiu'th vertebrae.

(4) The fourth nerve arises by its two roots at the level of the

fourth vertebra, and quits the vertebral canal between the fourth

and fifth vertebrae.

(5) The fifth nerve arises opposite the fourth vertebra, and passes

outwards and slig-htly backwards to the foramen between the fifth

and sixth vertebrae.

(6) The roots of the sixth nerve are attached to the cord opposite

the fourth vertebra, and leave the vertebral canal between the

sixth and seventh vertebrae.

(7) The seventh nerve arises from the cord at a point between

the fourth and fifth vertebrae, and leaves the canal between the

seventh and eighth vertebrae.

(8) The eig-hth nerve quits the cord at a point opposite the arti-

culation between the fifth and sixth vertebrae, then rims backwards

to the eighth vertebra, and escapes between this and the ninth

vertebra.

(9) The ninth nerve arises at the level of the sixth vertebra, and

passes out between the sacrum (ninth vertebra) and the urostyle.

(10) The tenth nerve {N. cocct/geus) arises from the cord immedi-

ately behind the ninth nerve and opposite the sixth vertebra, and

courses along-side the terminal filament to pass out through a fora-

men in the urostyle [canalis coccygeus).

b. [The Spinal ganglia [Ganglia intervertehralia).

At their exit from the intervertebral foramen the two roots of

each nerve unite and bear a g-ang-lionic enlargement, which is in

intimate connection with the dorsal root, but is merely in contact

with the ventral root. The ganglia lie ^ in the large intervertebral

depressions, upon the under surface of the Proc. obliqui, above and

behind, being in relation with the bodies of the vertebrae internally,

and the Musculi intertransversarii externally (Fig. 119); ventrally

the ganglia are, more or less, covered by the ' periganglionic glands.^

The ganglia vary much in size ; that of the first spinal nerve is the

' The Ganc/l. coccygeum is in the urostyle.

X
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smallest. The ganglion is not attached to the dorsal root alone

but is prolonged a short distance beyond the point of union of the

two roots ; this is best seen in the nerves of the lumbar plexus.

Each ganglion is a yel-

Fig. ii8 lowish-white rounded

or oval body, with an

outer thick (sometimes

0*15 mm. thick) sheath

of connective - tissue,

connected by the epi-

neurium of the nerve

roots with the Dura

mater. This sheath is

composed of bundles of

parallel, wavy, white,

connective-tissue fibres,

which enclose a large

number of connective-

tissue corpuscles, and

here and there contains

brown pigment.

By means of longi-

tudinal and transverse

sections it may be seen

that the ganglion sur-

rounds the ventral root,

but that it forms a

thinner layer on that

side, where the dorsal

root joins the ventral
;

althoug-h at this point

the two roots and the

ganglion are firmly uni-

ted together, the thick

fibrous sheath of the

ganglion prevents any

communication be-

Veiitral view of t}ie brain and spinal cord, to sliow the twCCU tllC UCrVOUS clc-
points of exit of the spinal nerves.

, p -i , ^

ments or the ventral
JV/i-io Spinal nerves.

VG Trigeminal gangUon. rOOt and thoSC of the
Jfi-io Vertebrae. ..

X(i Ganglion of vagus. gang-JlOn.
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The sheath contains nerve-cells and ^^S- ii9-

fibres, and sends in a few fine processes to

support these structui'es. The fibres of

the posterior root enter and pass out of

the sranfflion without suffering" anv

chang-es, except that the nerve fibres are

slightly separated by the presence of a

few nerve-cells, and that a distinct in-

crease in the number of nerve fibres takes

place. The nerve-cells, of which the

g-ang-lion is chiefly composed, and upon

the number of which its size directly de-

pends, are arranged chiefly around the

fibres of the dorsal root ; such few as

lie between the fibres are smaller than

the rest and vary more in their relative

numbers ; at times one or two isolated

cells are found in the capsule or even in

the adjoining ' periganglionic gland/

The cells near the capsule are somewhat

smaller than the deeper cells ^. Each of

these cells, which are usually pear-shaped,

possesses only one process ; the cell mem-
brane is thick, resistant, and possessed of

an external nucleated, endothelial covering, the space around

being probably a pericellular lymph-space ; it often contains one to

three small fat-globules ; the protoplasm

of these has, according to v. Lenhossek,

a concentric fibrillation ; the nucleus is

round, clear, and distinct, and relatively

larger the smaller the nerve-cell ; it is

usually placed in the centre of the cell.

In that portion of the cell towards the

process is a portion brighter and less

easily stained than the rest of the cell

(Polarkernen, Courvoisier); this apparent-

ly possesses one or two nuclei, and is

regarded as a cell by Lenhossek (Polar-

zellen); the process of each cell soon

acquires a medullated sheath, and after

' Larger cells of deeper layer 80 /i to 90 /x in diameter, sometimes one or two as

large as o-i mm. v. Lenhossek.

y 2

Ventral view of the spinal ganglia
;

on the rlglit side they are still

hidden by the 'periganglionic

glands.
'

¥is. 120.

Schema of spinal ganglion.

A Ventral root.

'
' Ramus commiinicaus.

G Ganglion.

Dorsal division.

P Dorsal root.

J{ \'entral division.
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a short course, 0*09 mm. to 0'35 mm., divides usually about the

third constriction (Lenhossek). These processes all pass peripherally,

even those which appear at first to pass in the opposite direction

curve round ag-ain ; it is chiefly due to these fibres that the spinal

nerve is larg-er than its two roots.

In addition to the above, smaller, irregular cells from 5 ju to 7 /n

in leng-th are found ; Rawitz regards them as young- cells, Len-

hossek as cells capable of (entwicklungsfahige) developing into

nerve-cells. The ganglia contain only few blood-vessels.]

The above description is founded, upon that of Lenhossek, and

has been confirmed by the translator in every particular, except

that only very indistinct and unsatisfactory indications of the con-

centric fibrillation so clearly delineated by Lenhossek were obtained
;

the structure of the Gasserian ganglion was found to correspond

exactly with the description here given of the structure of the

spinal ganglia. The nucleus was oftener at the side than at the

centre of the cell.

c. The ' Periganglionic Glands ^ (Perigang-lionare Kalkdriisen,

V. Lenhossek ; Kalksiickchen, Ecker, and others ; Crystal capsules,

Wyman; Calcareous Sacs or Masses, of other wi'iters), (Fig. 119).

These bodies are found on the ganglia of all the spinal nerves and

on the Gasserian gang-lion of the trigeminal nerve ; they have recently

been carefully investigated by v. Lenhossek. According- to his

description there are usually two to each ganglion, lying on its

sides and ventral surface ; each consists of a connective-tissue csqy-

sule which sends in a few fine trabeeulae to support a system of

glandular tubes : these usually run parallel to the long axis of the

gland, and are about 14 ju to 15 jw in diameter; each tube is lined

with a sing-le layer of somewhat columnar epithelium, the cells of

which have sharp, distinct outlines and oval nuclei.

A mewhrana propria was not made out with certainty; the lumen

of the tubes is wide and contains a milky fluid, which g-ives the

whole structure its characteristic appearance ; it has long been

known (Blasius, 1681, mentions the fact, /. c, p. 291) that this fluid

contains calcareous matter, which effervesces and dissolves in the

presence of hydrochloric acid ; the crystals vary in form but are

chiefly oval (Wyman).

These glands bear no definite proportion to the size of the

nerves to which they are attached (Fig. 118); they already contain

calcareous matter during the tadpole stage before the limbs are

developed (Stannius, Wyman). No ducts have been traced to
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these glands. This description, founded upon that of Lenhossek,

can be conhrmed by the translator in every particular; his sections,

however, would lead him to believe that the g-lands are far more

vascular than the description and the drawings of Lenhossék

imply.]

d. The Branches of the complete spinal nerves formed by the

union of the dorsal and ventral roots with the g-ang-lion (Fig. 120)

are usually described as two, a dorsal and a ventral branch, which

latter at once gives off a Hamus communicans to the sympathetic

system ; these two branches are given off almost immediately

beyond the ganglion.

II. The Individual Nerves.

A. The Dorsal Branches (Fig. 121).

The dorsal branches are smaller than the ventral ; they pass up-

wards between the inner borders of the Mhsc. intertransversarii and

the articular processes of the vertebrae to reach the under surface

of the M. longissinms dorsi ; the general course of these nerves is

very similar for all ; each nerve gives off —

[a) A twig to the AIksc. infertram-

versariifs and then divides into two

branches.

(^) A Bannis mmicnlaris (Fig. 121

rm), which passes outwards to supply

the M. longismmis dorsi.

(c) A Bamns c/ffa/ietfs (Fig. 121 re);

this nerve continiies under the ex-

tensor muscle of the back, running

on the arch of the vertebra towards

the middle line; it then pierces the

muscle and Fascia dorsalis to reach

the large dorsal lymph-sac (Sacc.

cranio -dorsalis), through which it

courses to end in the skin. In its

course through the sac the nerve is

connected with a small artery and

vein by a small amount of coniiec-

tive-tissue, the whole being enclosed

Fig. I 21.

Dorsal branches of the spinal nerves. The
Fascia dorsalis is dissected, removed
from the left side.

re Rami cutanei.

rm Kami musculares.
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in a sheath of endothelium continuous with that of the general

cavity.

The three anterior cutaneous nerves pierce the Fascia dorsalis near

the spinous processes, the fourth a little to the side, the fifth perfo-

rates the 31. coccygeo-iUacus at about the junction of its anterior and

middle thirds; the sixth and seventh perforate the same muscle,

but more posteriorly. There are seven of these Rami cutauei, the

first coming" from the second spinal nerve, the rest from the suc-

ceeding six spinal nerves.

B. The Ventral Branches.

The ventral branches of the spinal nerves are larger than their

corresponding dorsal branches : each nerve gives off inunediately

a Ramus communicans to the sympathetic system (Figs. 117 SM,

120 C); these Rami communicantes will be described with the sym-

pathetic system ; the remaining portions of the ventral divisions of

the original spinal nerves are usually known as the spinal nerves
;

they will be described as such in detail.

1. The hypoglossal nerve ^ (iV. hijpoglossus, N. sjnnalis I), (Figs.

114, 115, and 117 Ml), or first spinal nerve, is of small size; it

leaves the vertebral canal between the first and second vertebrae to

lie between the Musctili intertransversarii and the pharynx, where it

has in front the Arferia vertehralis, behind the Arteria and Nervus

hrachialis
;
passing under the Levator anguli scajiulae, it touches the

Aorta ascendens and crosses the Vagus and the Carotid-gland, and

thus reaches the space between the Muscnli sterno-hjoidei and the

Retro-hyoideus ; then curving forwards sharply it turns under the

Mylo-liyoideus to course between the fibres of the Genio-hyoideus to

the root of the tongue, where it ends. It first lies to the inner and

then to the outer side of the glossopharyngeal nerve. In its course

the nerve gives off the following branches :

—

{a) One or two communicating twigs (Figs. 1 14 and 122) to the

second spinal nerve.

* [Observers have differed considerably as to the relations of this nerve : Volkmann
describes it as the first nerve of the neck, and describes a ganglion on its dorsal

root ; Vogt denies the presence of this ganglion, and regards it as a true cranial

nerve ; Stannius asserts that no ganglion exists, and holds the nerve to represent the

first two spinal nerves ; Wyman describes the two roots and regards it as a spinal

nerve ; Hoff'mann regards this nerve as the second spinal (N. spinalis II) : Fiir-

bringer as the representative of two spinal nerves ; de Watteville describes two roots

and names it first spinal nerve.

—

Tkans.]
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(b) Muscular twigs to the Lo7igismrius dorai, Intertransversarii

cajiitis, Levator angidi scapulae^ and the RetraJiens scapulae.

{c) When near the glossopharyngeal it supplies twigs to the

Geniohyoicleus, Sternohyoideus, and Omohyoideus, where it bifurcates.

(f/) One of the branches passes inwards to supj^ly the Hyoglossus.

[e) The other terminal branch passes forwards with the Ramus
Hngualis and the glossopharyngeal, between the fibres of the Genio-

hyoideus, which it partially supplies, and sends t^\'igs to the neigh-

bouring parts.

(y) [Hoffmann describes a communicating branch to the pneu-

mogastric nerve, which the translator has not been able to discover,

and which no other observer has mentioned.]

2. The second spinal or brachial nerve {N. hrachialis, N. spinalis

II), (Fig. 122) is a large nerve, leaving the vertebral canal between

the second and third vertebrae ; it then accompanies the Art. axil-

laris along the anterior border of the transverse process of the third

vertebra, over the hinder end of the Muse, levator scapulae and the

anterior end of the m. transverso-scapularis major, to the inner border

of the Muse, suhscapularis, under which it passes into the arm. In

this covirse it gives off or receives the following branches :

—

(«) It first receives a branch from the second spinal nerve.

(^) It gives off a large branch, the N. eoraco-clavicîclaris (¥ig. 122

Cc), which first accompanies a branch of the Ari. axillaris on the

Muse, levât, scapulae, then courses forwards and outwards over the

Muse, subscapmlaris to pass from above into the Foramen ovale be-

tween the clavicle and coracoid bones. It gives off two branches :

(i) One immediately beyond its origin, which runs backwards

over the Muse, sutjscapularis to supply the Muse, obliq. abdominis in-

ternus (Fig. 122 Cc').

(2) While in the Foramen ovale, the N. coraco-clavieularis bifur-

cates ; the anterior twig runs forwards and outwards to the deltoideus

and also supplies a recurrent filament to the Muse, sterno-radialis ;

the posterior twig enters the upper surface of the Muse, sterno-

radialis.

(c) At the outer extremity of the Muse, transverso-scapularis the

brachial nerve gives off a posterior branch, which at once bifurcates :

(i) The first branch passes into the under surface of the Muse,

latissimus dorsi {Id), giving a twig to the Infraspnnatus.

/ (2) The second is the Ramus cutaneus axillaris {He) ; it passes on
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the under surface and posterior border of the Mnsc. latissinnis dorsi

to the skin of axilla and dorsal svirfaee of the ujjper arm.

[(1) Several small branches are g-iven off from the upper and an-

terior surfaces of the brachial nerve near the Foramen ovale ; they

accompany an artery to pass forwards and upwards between the

Muse, suhscajnilaris and the M. traiiBveno-scapulans on the one side,

Ce N. cpraco-claviculavis

Cc' Nerve to muse, obliq. ubiloin. iiitornus.

rf Deltoid nmscle.

la Muse. lev. ang. soap.

Id Muse. lat. dorsi.

vi Muse, obliq. abdoni. intern.

,vc Muse, sterno-mastoid.

Tlie brachial plexus.

ss Muse, subscivpularis

H

I

First spiiiiU nerve.

S // Second spinal nerve.

<S/// Third spinal nerve.

lie Riunus cutaneus axillaris.

11le Ramus cutaneus abdominalis.

and the ]on<»' head of the M. triceps hrachialls on the other, and are

lost in the J/. deUoideus and the M. iufrasjjinatus.

The N. hrachialls continues its course by passing between the

long- and inner heads of the M. triceps, reaches the arm and splits

into two nerves, the N. nlnaris and the N. radialis.

[I.] The N. uluaris (Fig. 123 U) escapes from cover of the long

head of the M. triceps and runs obliquely over its inner head
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towards the outer side of the FUca cubiti ; in this course it supplies

four branches :

a. The Bamti^ êuhgcapularii passes dorsally to tlie M. »nh-

j3. A Bamm pecio-

rali^ (Fi^- 123 »/>},

passes forwards to the

J/, ahdomino-jjedoralh

and to the skin of

the pectoral region {B.

cuianeu4t ijedoraliîY

y. The 3'. cuianem

anfibrachii superior ft.

)iiediaJi4t (kc) passes

to the skin of the

inner side of the fore-

arm ; this and the

two followinor nerves

are given off near the

Piica ciiliti.

Fig. 12:

Nerves of the veniral sariaoe of the arm. The band {HouuecL

rv Uj^r cntaneons bnuic-Ji of the X. radialis.

re' Txiwer cntaoeoos braitc^ of the X. radialis.

V X. plnaris.

me R. cnian. snp. of the X. nlnaris.

ue' R cnîaiL inf. of the X. nlnaris.

h. The -A~ cufaneus aniihrachu infenoT #. donaVi* ê. nnt4c»îo-

cvtaneui (ifc) at once suppHes branches to the M.jlej'or carpi raili-

alk^, and then runs downwards upon the muscle and bifurcates :

—

[i] The B. lafrrali* is distributed, by two twigs, in the M. Hexor

carpi vinarii and in the skin of the second finger, to which it sup-

phes the Rami digiiale^ rolari* and dormfis.

[2] The 7?. dormli^t, after gi^*ing a cutaneous twig to the second

finger, is distributed by numerous twigs to the skin of the dorsal

surface of the hand.

The -A . ubtari^ then passes between the J/. Hexor carpi radiali^ and

the tendon of the J/. »iferno-raâiart^, sinks deeply into the BVim
cubiti, where it Hes between the J/. Hexor carpi ra^iaU^ and the

Flexor carpi uînaris, then between the latter and the Flexor anfi-

brachii mediali^^ on the one side and the Flexor digitoruhi communis on

the other : it supplies branches to all these mxiscles, and while still

in the forearm divides into two terminal branches :

—

a. The B. uluariê medialiê is the smaller; it runs inwards,

* As this muscle increases in size daring the breeding season, it would be inter-

esting to know whetlier a corresponding change takes place in the nerve.
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Fiï. 124.

passes under the tendon of the M. extensor carpi ulnaris into the

palm o£ the hand and ends as the N, volaris digiti V viedialis.

(3. The R. ulnaris lateralis

passes near the thumb-rudi-

ment, covered by the M. ab-

ductor pollicis, deeply into the

palm of the hand, and supplies

by bifurcating- branches the

adjacent sides of the second,

third, fourth, and fifth fin-

gers {R. volares) ; it also gives

twigs to the muscles of the

palm.

[II.] The N. radialis (Figs.

123, 124, and 125 R) passes

immediately beyond its origin

from the N. brachialis, between

the humerus and the M. triceps,

Nerves of the ventral surface of the arm. The hand
supinated, and the superficial layer (Flex, carpi rad.

and uln. , Flex. dig. commun.) has been removed.

R N. radialis.

u N. ulnaris.

vc R. cutan. inf. of the N. ulnaris.

um Bifurcation of the N. ulnaris.

along the bone to its

in this course itouter side

,

gives off :

—

Rami musculares to the separate parts of the M. triceps.

The Ramus cutaneus superior (Fig. 125 re) to the skin of

the outer surface of

'^' '^^'
the upper arm and fore-

arm.

The nerve then sinks

deeply under the origins

of the M. extensor carpi

ulnaris and the 31. ex-

tensor digitorum commu-

nis, where it bifurcates

after giving off some

small twigs :

—

y. Small muscular

twigs to the extensor

muscles of the hand and

fingers.

h. The R. radialis

medialis (^2), the

The N. radialis.

ec M. extensor carpi ulnaris.

ed M. extensor digit, coiiim.

R N. radialis.

Ri R. lateralis.

i?2 R. medialis.

re R. cutaneus superior.

re' R. cutaneus inferior.
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smaller terminal branch, supplies a branch to the M. extensor digit,

comm. longus and the skin over the carpus [Ramus cutanens inferior^

re), and ends on the muscles of the little fing-er as the H. dorsalis

digiti V medialis.

e. The R. radialis lateralis (R), the larger of the two branches,

supplies the extensor muscles of the fingers and gives bifurcating

branches, Rami digitales dorsales, to the adjacent sides of the second,

third, fourth, and fifth fingers (the Ramus dorsalis lateralis of the

second finger is supplied by the iV^ îdnaris).

3. The third spinal nerve [N. sjjiualis III) (Fig. 122 Sill) leaves

the vertebral canal by the foramen between the third and fourth

vertebrae, and runs outwards and forwards upon the large transverse

process of the third vertebra to the brachial nerve [N. spinalis II).

Its behaviour at this point is subject to considerable variation ; at

times it joins the brachial nerve completely, at other times the two

nerves are simply in contact ; or lastly, it may send a small twig

to the brachial nerve. Externally to this point the two nerves

supply a number of small branches, which may belong almost en-

tirely to either one nerve or the other ; these nerves again inosculate

in a variable manner, to form an axillary plexus. The more con-

stant branches are :

—

(i) One or more twigs to the Muse, transverso-scajmlaris major.

(2) Several branches, usually two larger and one smaller ; they

course in the M. otjliq. aJjdom. intern us (Fig. I22 oi) to the M. rectus,

where they give off branches, then pierce the muscle to reach the

skin {R. cutaneus atxlominalis), (Fig. 122 IIIc).

4. The fourth spinal nerve (i\^. spinalis IV) (Fig. 126 314)
appears between the fourth and fifth vertebrae ; it runs on the

ventral surface of the transverse process of the fifth vertebra and

upon the Muse, intertransversariiis obliquely outwards and down-

wards, and reaches the deeper surface of the Muse, ohliquus internus,

into which it descends, about opposite the articulation between the

eighth and ninth vertebrae ; it then bifurcates into :

—

(i) A Ramus cutaneus ahdominalis, which pierces the muscle and

supplies the skin.

(2) A Ramus muscularis,, which supplies the broad abdominal

muscle and the M. rectus ahdominis.

5. The fifth spinal nerve {N. spànalis V) (Fig. 126 il/5) emerges

through the foramen between the fifth and sixth vertebrae, runs
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Fis;. 126.

obliquely downwards and outwards over the transverse processes of

the sixth and seventh vertebrae and the corresponding- M. infer-

transversarii, and at a

point nearly opposite

the middle of the uro-

style pierces the M.
ohiiquits intermis.

The rest of its coiirse

corresponds exactly

with that of the fourth

spinal nerve.

6. The sixth spinal

nerve {N. spinalis JI)

(Fig. 126 M6), after

escaping from the ver-

tebral canal between

the sixth and seventh

vertebrae, runs ob-

liquely do^vnwards and

outwards on the under

surfaces of the trans-

verse processes of the

seventh, eighth, and

ninth vertebrae, then

under the iliac bone to

a point opposite the

hinder half of the uro-

style, where it descends

under cover of the M.
ohliqims abdom . in ieru us.

In the rest of its course

it repeats the corre-

sponding courses of the

fourth and fifth spinal

nerves.
Ventral view of the brain and spinal cord, to show the

points of exit of the spinal nerves. 7, 8, 9, and 10. The

seventh, eighth ninth,

and tenth spinal

nerves [Nerci spinales

Til, nil, IX, and N. spittalis X s. N. coccijgens) (Figs. 126 and

ilfi-io Spinal nerves.

VG Trigeminal ganglion.

\V\-\o Vertebrae.

XG Ganglion of the vagus.
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127 J/7, M?>, j\fg, and 3fio) are best described together, as

they are intimately associated to form the sciatic plexus [Plexvs

iscJiiafliciis, Flexus cnirali^).

Within the vertebral canal the roots of these nerves form the

Cauda equina ; the seventh nerve leaves the canal between the

seventh and eighth vertebrae, the eighth nerve between the eighth

and ninth vertebrae, the ninth between the sacrum or ninth ver-

tebra and the urostyle, and the tenth by the Canalis coccygeus in

the urostyle ; from these points the four nerves run obliquely on

the ventral surface of the M. ilio-coccygeuH to the pelvis, where they

form the sciatic plexus. Although subject to some variation, the

usual arrangement is that the seventh and eighth nerves vmite . to

form a trunk, which then receives the ninth nerve ; the large nerve

so formed is the sciatic nerve : a branch of the tenth usually then

joins either the sciatic plexus or the sciatic nerve ; the plexus gives

off or receives the following branches.:

—

{a) Like other spinal nerves, these nerves give oRBami communi-

cantes (see Sympathetic System).

[b] The M. Hio-lnjpogadricu!< (Fig-. 127 AI/]a). This arises from

the seventh spinal nerve, before its union with the eighth spinal

nerve ; it runs oblicjuely outwards and downwards on the 3Iu-sc.

ilio-coccygeus and under the border of the il/. ohliquns abdoin. in-

ternus, where it bifurcates :
—

(1) One branch, the Ramus culanetis ahdominalis, pierces the

M. obliq. abdom. internus in the same fashion as the cutaneous

branches of the fourth, fifth, and sixth spinal nerves ; it supplies

the skin of the abdomen.

(3) The second or Ramus muscularis supplies the flat abdominal

muscles and the M. rectus abdominis.

(e) The 31. cruralis (Fig. 127 Ilyb) also arises from the seventh

spinal nerve at or just beyond its point of union with the eighth

spinal nerve. It accompanies the A. cruralis on the pelvic wall to

the thigh, where it lies upon the 31. ilio-jjsoas in a triangle between

the 31. rectus fern, anterior and the il/, adductor longus, and divides

into two main branches :

—

(i) Muscular twigs to the 31. ilio-jjsoas, 31. rectusfeworis anticus,

3I3I. addnctores longus and brevis.

(2) The Ramus cutaneiis femoris, which runs downwards in the

hinder wall of the Lymph-sac [Saccus iliacus), and supplies the skin

of the under and outer sm-faces of the thia-h.
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[d) The Bamns dorsalis is a very small nerve ; according" to

Waldeyer it possesses only twenty nerve-fibres. It arises from

Fig. 127.

The suiatic plexus, from

n Communicating nerve from the ninth spinal

nerve.

«' Nerve to muse. lev. ani.

6 Nerve to oviduct.

c Urostyle.

cc Communicating twig from tlie ninth spinal

nerve.

ci M. coccygeoiliacus.

C.I M. coccygeosacral is.

d Nerve to bladder.

d' Twig to the m. iliacus.

e Twig from sciatic i)lexus to coccygeal plexus.

i M. intertransversiirius.

i M. ilio-coccygeus.

ip M. ilio-psoas.

lev M. lev. ani.

oi M. obliq. abdom. internus.

I' Transverse ])rocess of sacrum.

- Is
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the coeeyg"eal nerve immediately beyond the Canalis coccygeus^

perforates the M. ilio-coccygeus, and runs on its dorsal surface

obliquely over the lymph-heart, without supplying- it; the nerve

then pierces the fascia to supply the skin of the back and thigh.

[e) The Bamus ahâomhialis also arises from the coccygeal nerve
;

it is larger than the B. dorsalis, and arises at the same poiat ; the

nerve runs on the ventral surface of the M. ilio-coccf/yens towards the

lymph-heart, and inosculates with the sympathetic. It is from this

nerve that the branch to the sciatic plexus is iTsually given off ; it

further supplies a varying- number of branches, which with branches

derived directly or indirectly from the sciatic nerve, form a plexus

(Plexus coccygeufi) ; the two plexuses may together be regarded as a

Plexus iscJiio-coccjjgetts or a Plexus sacro-cocci/geus.

[f) In addition to the 7?^;/?'" communicantes given off by the spinal

nerves near the vertebral column, the sciatic plexus supplies a few

twigs, usually two (Fig*. 127).

[g) Other small twigs pass from the sympathetic system for-

wards and outwards to join the sciatic plexus or the sciatic nerve.

According to Waldeyer two of these are very constant.

(//) Branches to the oviduct (Fig. 127 h).

(i) Branches to the rectum (Fig. 127 cr).

(^) Branches to the bladder (Fig. 127 d).

(/) Branches to the 31. levator ani (Fig-. 127 a).

(;;;) A branch to the lymph-heart, which runs along the anterior

border of the M. lev. ani, on to its dorsal surface, and then direct to

the lymph-heart.

Variations in the sciatic plexus. The arrangement of the

nerves in the sciatic plexus is subject to many variations ; ac-

cording to Wiedersheim most of these variations belong to two

chief classes : either the N. coccygeiis inosculates directly with the

ninth spinal nerve by one or several branches, or it joins the ninth

nerve indirectly by uniting with its branches. A case of the

latter arrangement is seen in Fig. 127, and is thus described by

Wiedersheim :

—

' After cutting through the pelvic symphysis and dravvnng to one

side the contained viscera, namely, the hinder end of the oviduct,

the rectum, and the bladder, one sees a row of small twigs (a, h,

cc, d, and e) arising from the inner, hinder, and anterior surfaces of

the ninth spinal nerve : the first [a) runs backwards parallel with
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the N. coccygeus over the M. illo-coccyyeun to join this nerve at the

point marked Com. The twig cc behaves in like manner after re-

ceiving a twig from h. The twig h arises from the inner surface of

the ninth nerve between the two foregoing and close to its union

with the eighth spinal nerve ; from this origin twig h passes almost

transversely outwards to the hinder extremity of the oviduct

(" uterus '•'), and partly to the rectum, crossing in its course twig a,

the sciatic nerve, and the urostyle. Its branches form a net-

like plexus with the terminal branches of the last sympathetic

ganglion and with a branch cc from the point of union Com.
' A second branch (a), arising from the point of junction Cow, is

a continuation of the JV. coccygeus (Mio) ; it passes vertically down-

wards towards the hinder end of the cloaca and at the upper border

of the Levator ani, divides into two branches, which are distributed

to the inner and outer surfaces of this muscle and to the cloaca.

Other branches pass dorsally to the lymph-hearts, while a third set

pass to the hindermost part of the bladder.

' These three sets of nerves, to the M. coccygen-^, M. levator ani,

and to the lymph-hearts, are not supplied entirely by the N. coccy-

geus, as this is reinforced by one or more branches (e) from the

sciatic plexus : this branch [e) supplies twigs to the il/, ilio-coccygeus,

which is also supplied anteriorly from the trunk of the i\'^ coccygeals.

' The bladder receives a special branch {fl), which arises from the

sciatic plexus at the junction of the eighth and ninth spinal nerves
;

this nerve gives a twig [d') to the M. iliacns.'

I. The sciatic nerve (^Y. isc/iiadieus) (Fig. 128 /) is the largest

nerve of the body; it passes under the M. coccygeus, between the

origins of the IF. vastus externus and of the A[.pyramidalls : lies then

between the il/, biceps and the M. 2^yramidaHs, and later between the

M. bicepjs and the M. setnimembranosus ; lastly, it bifurcates under

the 31. biceps to form the N'. tibialis (II) and the N. pero?ieus (///).

In this coiirse it gives off :

—

(a) A twig to the 31. coccygeo-iliacus, while still in the pelvis,

{b) The N. cutaneiisfemorisposterior (Fig. 128, 3), which passes be-

tween the M. pyramidalis and the M. vastus externus, to appear behind

and beneath the former ; it accompanies an artery of like name to

supply the skin of the hinder and inner surfaces of the thigh.

{c) A little below the foregoing it gives off a collateral branch

(Fig. 128, 3), which passes under the 31. pyramidalis and divides to

form

—
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Fig. 128.

(i) A branch to the upper third of the M. semlmemhranosuft.

(2) A branch to the Rectm interum minor. A twig of this

branch {hb) pierces the muscle transversely in company with the

Arteria cutanea, and passes to the skin of the middle of the inner

surface of the thig-h.

(3) Branches to both heads of the sevi'dendinosus.

(4) Branches to the j\l . adductor magnus.

{d) Branches covered by

the 31. pijramidalis to the

M. quadrat, femoris and M.
ohturator.

[e) A branch (5) forwards

to the M. tj'icqjs.

(/) A branch (6) which

accompanies the Art. clrcnm-

jiexa genu lateralis mip. for-

wards to the M. extensores

cr7iris, the M. vastus externvs,

and the 31. rectus anterior.

Distribution of the sciatic nerve.

1 The sciatic nerve.

II N. tibialis.

/// N. peroneus.

r Branches to tlie M. pyramidalis.

2 N. cut. fern, posterior.

3 Large collateral branch.

5 Branch to the M. biceps.

6 Branch accompanying the art. cir-

cumfl. genu lateralis sup.

7 Branch of tibial nerve to the M. gas-

trocnemius.

8 N. suralis.

ad"' M. adductor magnus.
* M. biceps.

66 Twig accompanying the art. cutanea.
ci M. coccygeo-iliacus.

cp N. cut. cruris lateralis.

ct R. cut. cruris posterior.

.</ M. gastrocnemius.

pi M. glutaeus.

p M. pyramidalis.

pe M. peroneus.
ra M. rectus anterior.

ri' M. rectus tntemus minor.
sm M. semimembranosus.
st M. semitendinosus.
ve M. vastus externus.
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II, The Nerviis tibialis (Fig-s. 128 II, 129 T) passes backwards

and inwards to supply the extensors of the foot and the flexors of

the toes. Its branches are :

—

[a) The R. cutaneiis cruris posterior (Fig-s. 128 and 129 ct), ac-

companied by an artery and vein, passes to the skin of the calf.

{h) A twig- to the upper part of the g-astrocnemius (Fig. 1 29 g').

The main nerve, after supj^lying
Fig. 1 29.

this twig-, bifurcates to form the

next two nerves.

((?) The Nervns svralis (Figs.

128, 8j 129 s) runs downwards

on the inner border of the M.
cjastrocnemius and gives off :

—

(i) A twig {()") to the upper

third of the muscle.

(2) The Hamus cutaneiis mé-

dius {es) is given off below the

middle of the M. gastrocnemius
;

it passes to the skin of the

lower third of the leg. After

giving off the latter branch, the

N. siiralis runs downwards along-

the inner aspect of the Tendo

achillis to the Aponeurosis j)lan-

taris of the sole of the foot

as far as the calcar, and gives

off:—

Nerves of the leg and sole of the foot.

Branch to the M. abduct, digit. V.

Branch to the M. adduct. digit. V.

M. rectus anterior.

M. biceps.

Ramus cutaneus médius.

Ramus cutaneus cruris posterior.

Ramus digitalis volaris I.

Branch supplying R. digit, volaris X

and II.

dvIII Second branch of the N. tibialis.

i-'s Branch to the M. flex. brev. digit. V.

ftp Branches to the M. plantaris and the

M. flexor digitorum.

Branch to the M. gastrocnemius.

Branch to the M. gastrocnemius.

N. peroneus.

s N. surahs,

vm M. semimembranosus.

T, t Nervns tibialis.

«65

ads

dvl
dvll

9
9"

pc
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• (3) Branches [flp] to the 'Muse, plantaris and the M. flexor

digitorum.

(4) A branch to the 31. abchictor hallucis.

(5) The i?. digitalis volaris I (dvl) supplies the inner side of the

first toe by its terminal twig.

(d) The Nervus tibialis (Fig. 129 t) passes downwards on the

hinder surface of the tibio-fibula^ sinks into the M. tibialis jmsticus

to appear again at its hinder border ; it then runs over the ankle-

joint into the sole of the foot, where it lies midway in the space

between the two Ossa tarsi and between the M. extensor tarsi and the

M. abductor digiti I longus ; the nerve then i-uns downwards in the

groove of the small Os tarsi and divides to form three branches :

—

(i) The first branch [dvll] runs to the space between the second

and third fingers, where it bifurcates :

—

(a) The Bauti digital, volaris /run transversely over the muscles

of the second toe, supply the muscles of the first toe, and bifur-

cate to form the H. digital, volaris I and //.

(/3) The Bam. digit, volar, //divides in the space between the

second and third fingers to supply the Flex, plialang. and the adjacent

sides of these toes.

(2) The second branch [dvlll) runs over the M. Jlex. metatarsi of

the third toe to the space between the third and fourth toes, and

bifurcates to supply the adjacent sides of these toes and the web

between them.

(3) The third branch at once divides to supply :

—

(a) The M. transv. metatarsi.

{p) The MM. lumtiricales of the fourth toe.

(y) The M. abductor digit. V (ab^), the M. flexor brevis dig. V

{F^), and the M. adductor dig. V (ad^) ; it then ends as

—

(Ô) A bifurcating branch forming the B. digit, volar, of the fourth

and fifth toes.

III. ^^'ë. I^ervus peroneus {N. peroneus communis suj)erior,YiQkex),

(Fig. 130^5^) is the second division of the sciatic nerve; it passes

between the outer head of origin of the 31. gastrocneinii/s and the

tendon of insertion of the 31. biceps, it then lies on the tibio-fibula

between the 31. gastrocnemius and the 31. peroneus, where it is ac-

companied by the Vena tibialis postica, then runs downwards upon

the 31. extensor cruris and the Flexor tarsi ant., and passes under

the 31. tibial, anticns and bifurcates ; its branches are :

—

o 2
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a. The N. cuianeus cruris lateralis (Fig-. 128 cj)) ; which, Hke other

cutaneous nerves, runs in a common sheath tog-ether with an artery

and vein to the skin. It arises close to the sciatic nerve.

b. Muscular branches to the MM. peroneus, tibialis antiais, extensor

crvris hrevis, and the -flexor tarsi anterior.

Fig. 130.

Distribution of the JV. peroneus.

A Inner terminal twig of N. peron. conini.

inf.

li Outer terminal twig of N. peron. conini.

inf.

cpl N. cutaneus dorsi jjedis lateralis.

pc N. peroneus.

pci N. peroneus communis inferior

pi N. peroneus lateralis.

pin X. pei'oneus medialis.

c. The N. peroneus medialis (Fig".

130 pvi) is the smaller of the two
terminal branches of the N. pero-

neus ; it courses with the Art. titii-

alis antica under the MM. jlexores

tarsi anterior and pjosterior and sup-

plies the latter.

d. The N. peroneals lateralis (Fig.

T 30 jd) is the larger terminal branch

of the N. pjeroneus ; it passes down-

wards between the heads of the M.
tihialis anticus to the tendon of origin

of the Flexor tarsi posterior, where it

gives off two branches (Nos. i and 2) ;

the nerve then unites with the i\".

peroneus lateralis to form a common
stem, the N. peroneus comnivnis in-

ferior (Ecker). The N. peroneus

lateralis g-ives off :

—

(i) The N. cntaneus dorai pedis

lateralis (cpl), which passes to the

skin of the outer side of the

dorsum of the foot.

(2) A second branch to the M. ex-

tensor of the fourth and fifth toes.

e. The N'. pjeroneus communis in-

ferior (Fig". 130 p^<^^) runs on the

dorsum of the foot in company with

the Art. dorsalis pj^dis, underneath

the MM. extensores digiti 1 and //
;

it supplies several branches and then

bifurcates. It g"ives off :

—

(i) Branches to the MM. extensor

longns and fjrevis digiti I.
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(2) Rami digitales dorsales to the adjacent sides of the first and

second toes.

(3) Branches to the JO/, exfensores diyiti II.

(4) The inner, terminal branch (Fig-. 130 A) at once divides :

—

(a) The onter branch runs between the third and fourth toes as

far as the commencement of the web, where it bifurcates to form

two Hatni ciitanei, which course along* the adjacent sides of these

toes as far as their apices.

(/3) The inner branch passes to the extensor muscle, and, in part,

to the adjacent sides of the third and foui'th toes.

(5) The outer, terminal branch (Fig-. 130 B) of the N. peroneus

communis inferior passes to the muscles of the fourth and fifth toes,

and supplies Kami cutanei dorsales to the outer side of the fourth

and inner side of the fifth toes.

Cutaneous branches of the N. tibialis supply the outer side of the

fifth and inner side of the first toe.

G. The Sympathetic System {Sympathicus).

{Re-written hy the translator.)

The sympathetic cord or chain is a row of nervous gang'lia

(vertebral or lateral ganglia), connected by nerve-fibres, and lying

on either side of the vertebral colmnn (Figs. 117 and 131); with

the exception of the last spinal nerve there is usually one sympa-

thetic ganglion associated with each spinal nerve ; in the case of the

tenth spinal nerve there may be only one g-anglion or as many
as twelve.

The first ganglion (Figs. 11 1, opposite ics; 117 6*1) is placed on

the hypoglossal nerve just as it emerges from the first intervertebral

foramen ; it is large, but smaller than the second ; its Ramus

communicmis is represented by several fine and very short fibres,

which connect the ganglion with the nerve. This ganglion is con-

nected with the second by two or three nervous threads, between

which passes the subclavian artery, a true Annnlus Vieussenii being

thus formed (de Watteville). The other ganglia are connected by

single bands of fibres. The first ganglion supplies also branches to

the axillary artery and to the cardiac plexus.

The second ganglion (Figs. 117 and 131) is the largest, and is

closely applied to the brachial nerve ; as in the case of the first

ganglion and hypoglossal nerve, it is attached to the second spinal

nerve without a distinctly marked Ramus commimicans.
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The third ganglion {Ga/t(/lion canUacnm hamle, Gaskell andGadow)

is sometimes fused with the second, but is usually close to the third

spinal nerve : it has a short but distinct Emnus commuyiicans.

Behind the third gang-lion the sympathetic cord is continued back-

wards along the corresponding aortic arch, then parallel with and

close to the abdominal aorta (Figs. 117, 127, and 131), receiving

Bami communicantes^ which are

long and well marked, from

each of the spinal nerves
;

the fourth, fifth, and sixth

nerves usually supply each

one Rannis communicans, the

seventh two, and the eighth

and ninth each two or three :

from the tenth nerve it re-

ceives three or more, as manj^

as twelve having been noted.

The ganglia are usually more

or less spindle-shaped or flat-

tened and triangular; the

hinder part of the cord usually

receives in addition two or

three branches from the sciatic

plexus and twigs from the

R. aMominalis of the N.

coccygeus.

The branches and commu-

nications of the sympathetic

cords are as follows :

—

a. Communicating branches

between the two cords : these

Sympathetic cord. Fiom Ecker (Icônes physiologicae,

PI. XXIV, Fig. 3).

The heart, lungs, and livev have been removed ; the

stomach, intestine, kidneys, and testes drawn to the

right side ; the left sympathetic cord is thus pulied

to the right side to expose the Rami communicantes.

S Sympathetic cord attached to the ganglion of the are CxtrCmcly numerOUS and
^^^^-

irregular, forming a net-like
The numbers refer to the gangha, which are enumer-

.

ated from before backwards. plcXUS, whicll SUrrOUuds the

abdominal aorta and other adjacent structures, and gives off

numerous small twigs to the neighbouring vessels and organs.

b. Communications with the cranial nerves ; these are two

branches (Wiedersheim), (Figs, m and 116) which pass from the

first ganglion to the Ganglion nervi vagi, where one terminates, the

other leaves the ganglion to pass on to the Gasserian ganglion
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(Figs. Ill and ii6 FS) : according to Gaskell a siuffle nerve passes

from the first ganglion to the Ganglion nervi vagi, whence one

portion of its fibres is continued to the Gasserian ganglion, the re-

mainder accompanying the pneumogastric nerve without any con-

nection with the ganglion; he therefore names this nerve the

vago-sympathetic. (See Gasserian ganglion^ p. i68.)

c. Communications with the spinal nerves ; these are :

—

(i) The Kami communicantes.

(2) Communications between the sympathetic ganglia or their

branches and the spinal nerves or their branches (Fig. 117); by^

means of these connections, fibres of the sympathetic system are

conducted by the spinal nerves and their branches to all parts of

the body.

d. Branches to the hearty which form the following ganglia :

—

(i) A relatively large plexus lies on the auricles in the median

plane immediately beneath the division of the M. hyoglossus. It

supplies a network of fibres to the auricles and the adjacent large

vessels. It is said to communicate at various points with the

pneumogastric nerve.

(2) A smaller ganglion of oval form, supplies twigs to the

neighbouring* vessels and a communicating branch to the hypo-

glossal nerve (Wiedersheim).

e. Branches to the abdominal viscera ; these form intricate

plexuses by which the organs are supplied : the one best known
is the solar plexus (Fig. 131); it is formed chiefly from branches

derived from the third, fourth, and fifth ganglia, and supplies

the stomach, etc. ; other plexuses for the various viscera are known
by corresponding names, such are the Plexus hepaticus, renalis, geni-

talis, JiaemorrJioidalis, and vesicalis.

The sympathetic system is characterised by the fact that the

branches form intricate plexuses, which include numerous ganglia

and which are very irregular ; it is also characteristic that most

of its fibres are non-medvillated. According to the investigations

of Gaskell, the fibres of the sympathetic system arise in mam-
malia as very fine medullated fibres from the posterior vesicular

(darkens) columns (Mason has recently described cells in the

frog^s spinal cord, which he holds to be homologous with the cells

of these cokmins) ; they leave the cord by both the ventral and

dorsal roots of the spinal nerves, and are thus connected with two

sets of ganglia, (i) with the ganglia of the dorsal roots, and (2)
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throug-h the Bavri communicantes with the sympathetic gaiigha (ver-

tebral or lateral ganglia) ; these two sets of ganglia Gaskell terms

proximal. By means of the branches from the sympathetic ganglia

[Rami efferentes) part of the fibres pass to another set of ganglia, the

solar plexus, etc., which he terms prevertebral or collateral ; from

these the fibres pass to be distributed to the various viscera and blood-

vessels, where a fovirth set of very small ganglia (terminal ganglia)

is found. The prevertebral and terminal ganglia are together classed

as distal ganglia. Gaskell holds that the fine medullated fibres

from the cord lose their medullary sheath in one or other of these

ganglia according to the function they fulfil.

The inhibitory fibres of the heart and vaso-dilator fibres of the

blood-vessels continue as white fibres along the vago-symj^athetic and

spinal nerves to the distal ganglia (Bidder^s ganglion, etc.), where

the medullary sheath disappears: whereas the 'augmentor^ fibres of

the heart and vaso-constrictor fibres of the blood-vessels lose their

medullary sheath in the proximal ganglia and pass on as non-

medullated fibres. In the same w^ay the nerve-fibres that bring

about contraction of the circular muscle fibres of the hollow viscera

lose their medullary sheaths in the proximal ganglia, while those

fibres, the influence of which negatives the former, become pale

fibres in the distal ganglia.

Waters has demonstrated that in the frog the various spinal

nerves have each a localised physiological action upon the blood-

vessels and muscular walls of various parts of the alimentary canal :

he shows that

The third spinal nerve supplies the oesophagus.

The fourth spinal nerve supplies the stomach.

The fifth spinal nerve supplies the upper third of the small

intestine.

The sixth spinal nerve supplies the lower two thirds of the small

intestine.

The seventh spinal nerve supplies the large intestine.

The eighth spinal nerve supplies the bladder, this supply being,

however, not so definite as the others given above.

It has long' been known that the branches of the spinal ganglia

(ganglia of the posterior roots) are together larger (one-third,

Lenhossek), and contain more fibres than the ventral and dorsal

roots together ; this is supposed to be in part due to an acquisition

of new fibres derived from the ganglia. The majority of recent

observers hold that each ganglionic cell has only one process, which.
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however, soon bifurcates ; whether any of the fibres so formed pass

as far as the cord or "beyond its blood-vessels is doubted by most ob-

servers, and denied by Gaskell. These remarks and the description

of the cells of the spinal g-anglia (p. 176) hold good for the lateral

or vertebral ganglia and the prevertebral g-anglia (solar gan-

g-lion, etc.) of the sympathetic system ; the terminal ganglia will

be described with the organs in which they are found.

H. Histological Notes on the Nekvous System.

(In order to render the foregoing description of the nervous system more complete,

the following notes have been added by the translator.)

[The histological elements of the nervous system are nerve-cells

and nerve-fibres ; of these the nerve-cells have been described with

the parts in which they occur ; it may simply be remarked that

later observers have been unable to discover the ' spiral cells ' de^

scribed by Beale, Arnold, and others. The nerve-fibres, as in most

other animals, are of two kinds, medullated and non-medullated.

1. Medullated nerve-fibres or white fibres are found in all cranial

and spinal nerves, with the exception of the olfactory nerves, and

in many of the sympathetic nerves (see Sympathetic System) ;

also in the white matter of the brain and spinal cord ; examined

microscopically the fibres are seen to consist of an external sheath or

neurilemma, a medullary sheath, and an axis-cylinder :
—

a. The neurilemma (Sheath of Schwann, Outer or Primitive

Sheath) is a nucleated endothelial layer covering the nerve-fibre
;

it is continuous with the corresponding coat of the nerve-cells, and

is uninterrupted throughout the length of the nerve ; at the nodes,

however, it dips down towards the axis-cylinder, the circular groove

so formed being filled with cement substance.

b. The medullary sheath (AVhite substance of Schwann) ; the

presence of this sheath is the chief cause of the whiteness of these

nerves ; the thickness of the sheath varies considerably, and towards

the ultimate distribution of the nerve it is entirely lost. At more

or less regular intervals along the com'se of the nerve-fibre the

continuity of the medullary sheath is broken, and gives the

fibres the appearance of being constricted at these places ; such

constrictions are known as nodes of Ranvier ; the portion between

two such nodes being termed an internode. Each internode

possesses an oval, flattened, granular nucleus at about its middle
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and placed between the neurilemma and the medullary sheath ; the

nucleus has a nucleolus. In the fresh state the medullary sheath

seems to be fluid ; it is of a fatty nature.

Medullary segments are caused by breaks in the continuity

of the medu^llary sheath, which are seen only in nerves which are

no longer in their normal condition, and are especially well marked

after treatment with osmic acid. The breaks are oblique ; hence the

conical end of one segment fits into the funnel-shaped end of the next.

How far they corresjjond to pre-existent structures is uncertain.

The segments in the frog vary in length from O'Oio to 0*040 mm.

C. The axis-cylinder is the essential part of every nerve-fibre ; it

shows a longitvidinal striation corresponding to the fine fibrils

(primitive fibrillae) of which it consists ; these fibrils often exhibit

minute varicosities : at times it has the appearance of being in-

vested with a very delicate structureless sheath. It is continuous

through the nodes of Ranvier.

2. Non-medullated nerve-fibres (Grey or Varicose Fibres ; Fibres

of Remak) ; these occur chiefly in branches and plexuses of the

sympathetic system ; they consist of a neurilemma and an axis-

cylinder, which agree exactly with the corresponding elements

found in the medullated fibres.

The nerve-fibres, whether medullated or non-medullated, are

bound together by connective-tissue to form nerves. A number of

fibres bound together by connective-tissue to form a slender cord

is known as a funiculus ; a small nerve may consist of one such

funiculus ; the sheath surrounding' it is known as the perinem'ium,

and sends in supporting processes between the fibres (endoneurium) :

when several funiculi are bound together to form a large nerve the

common sheath is known as the epineurium. These sheaths support

nerves {nervi nervoruni) and vessels {yasa vasoruw) supplying the

nervous elements, and their intercellular spaces form lymph-canals.

The whole nerve is surroimded by an endothelial coat, which helps

to form a lymph-space, which more or less completely surrounds

the nerve.

The ultimate distribution of the nerve-fibres will be included in

the description of the variovis organs in which they end.]
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PART 1.

THE ÏÏEAET AND BLOOD-YESSELS.

I. THE HEART.

(The original arrangement of this section has been modified.)

The heart is situated in the middle line above the central portion

of the shoulder-girdle and M. stefnohjoicleus, and below the

oesophagus; the apex is directed backwards and lies between the

lobes of the liver, the base is directed forwards and lies a short

distance behind the larynx. The heart is surrounded by the

pericardium.

A. The Pericardium [is a

very thin membranous sac,

which completely encloses the

heart ; it is attached, at some S'-
-

distance, to the large vessels P.--''

passing to and from the heart,

and has inserted into it some ^^'

fibres of the M. oUiqmis ah- TA.-

domhiis internes (see page 70).

A fold of the pericardiimi

extends from the dorsal sur-

face to the truncus arteriosus,

and through it courses the

vena eardiaca.

The pericardium is a con-

nective-tissue membrane, and

is lined on either side with

endothelium, which is in part

ciliated (Leydig); the endo-

thelium of the inner surface

is continued on to the heart

AC.

LA.

The heart and blood-vessels, seen from the ventral
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and so forms a closed lymph-sac. The pericardium is more or less

pigmented^ and contains both vessels and nerves ; it may contain

fat-cells].

B. The Heart.

[The heart is a hollow muscular organ, composed of : ( i ) two

auricles, forming- the wider anterior portion
;

(2),the ventricle, placed

behind the auricles
; (3) the sinus venosus, situated clorsally ; and (4)

the truncus arteriosus, lying ventrally. Examined while still living,

the auricles are seen to be much darker in colour than the ventricle,

due to the blood being seen through their thinner walls ; between

the auricles and the ventricle is a distinct groove, the auriculo-

ventricular groove. The whole organ is more or less pigmented,

especially the ventricle {E. temjjoraria has much less pigment).]

a. The Sinus venosus

[Simis venarum cavarum), (Fig.

133 SV.) is a thin-walled sac

lying on the dorsal surface

of the heart, and very slightly

to the right side (Hoffmann).

It is somewhat triangular in

form, receiving an anterior

caval vein at each anterior

angle {V.), and the posterior

caval vein (/C.) at the poste-

rior angle. The ventral wall

has a transverse opening {SF'.),

by which it communicates with

the right auricle ; the opening

Tlie heart, seen from above, and dissected to show the pOSSCSSCS twO ValvCS, an ante-

rior and a posterior, and is

placed close to the auricular

septmn.

b. The auricles [are not

always separated, as the sep-

tum which usually brings about

the separation is in some cases

incomplete, and in rare in-

stances appears to be absent (Hoffmann)] ; according to Eeker, the

auricular septum is sometimes placed so far to the left side that it

r-SV.

PV

opening from the Sinus venosus to the right auricle ;

after Howes.

C".

IC.

LA.
P'.

PV.
RA.
S'.

SV.
s v.

Right carotid arch.

Posterior caval vein.

Left auricle.

Right pulmo-outaneous arch.

Pulmonary vein.

Right auricle.

Right systemic arch.

Sinus venosus.

Opening of Sinus venosus into the

auricle.

Right anterior caval vein.

•ight
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The frog's heart seen from the ventral surface, and
dissected so as to show its structure. The ven-

tral walls of the truncus arteriosus and of the

auricles and ventricle have been removed. From
a drawing by Mr. Hurst.

appears to be absent (Fig. 135). Fig. 134.

The septum is attached to the

walls of the auricles so as to

form two distinct cavities, which

communicate at the aviriculo-

ventricular opening-, where the

septmn has a free concave

border (Fig. 134). The right

am-icle is much larger than the

left, and receives the systemic

venous blood from the sinus

venosus by the opening (Figs.

133 and 134 SV.) already de-

scribed. The left auricle re-

ceives the blood from the lungs

by the pulmonary vein (Fig.

133 PV.), which opens into the

auricle near the septum (Fig.

134 PF.) : [the openings from

the sinus venosus and from

the pulmonary vein may be so

closely approximated as to be

separated by the septum only.

The septum is much thinner

than the auricular walls]. Both

auricles open into the ventricle

by the auriculo-ventricular open-

ing (Fig. 134).

c. The ventricle (Figs. 133,

still living, is seen to be bluntly conical in

shape and darker on the left side than on the

right ; this is due to the ventricular wall of

the right side, near the truncus arteriosus, being-

somewhat thinner. The inner wall is not smooth

but possesses muscular ridges {Trahecnlae). At
its base the ventricle communicates with the

aui'icles by the auriculo-ventricular opening

(Figs. 134 and 136), and with the truncus

arteriosus by a separate opening (Fig. 134 A.).

The ventricle is lined by a layer of endocardial

endothelium.

c.

p.
p'.

Auriculo-ventricular aperture and valve.

Aperture leading from ventricle to truncus

arteriosus.

Left carotid arch.

Left auricle.

Left pulmo-cutaneous arch.

Style passed down right pulmo-cutaneous arch

into the truncus arteriosus, T.

P V. Opening of pulmonary vein.

RA. Right auricle.

S. Left systemic arch.

SA. Septum atriorum.

SV. Opening of Sinus venosus into right auricle.

V. Ventricle.

134, and 136 7.), examined while

Fig. 135-

Dissection of a case in

which the auricular

septum is placed more

to the left than is nor-

mal.

S Septum.

SS Left auricle.

V Opening into the

Sinus venosus.
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The auriculo-ventricular opening (Fig-. 134 ^.) is a large

aperture guarded by two valves, a dorsal and a ventral : each valve

AC.

Fig. 136.

PI
LA.

RA.

TC.

TA.
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by reference to Fig*. 137. A layer of circular fibres {C31) extends

round the whole ventricle, and from it more or less radial or trans-

I

CM

ï'ig- 137-

TM CAT

Tflr

7.AI LM

'LM
I. Transverse section through the junction of the hinder and middle thirds of the ventricle of R. Icm-

poraria. II. Transverse section through junction of middle and anterior thirds of the same heart.

Dec. I, Syst. I, Leitz. The heart was freely distended i with dilute spirit, and so hardened.—G. H.

. CC Central cavity.

CM Circular muscle.

LM Longitudinal muscle.

TM Transverse muscle.

verse bands [TM, also Fig-. 138 T2I) pass inwards ; these, in the apical

portion of the ventricle, seem to extend almost transversely across
;

towards the base they are directed onwards and forwards towards

the auricles. Of these bands some, near the apex, can be traced

directly to the opposite side, others join the wall more anteriorly,

and still others join bands of muscular fibres {LM), which may be

described as longitudinal, and form the Mnsculi iiapillareii. In the

anterior portion of the ventricle the same arrangement holds good,

but is modified to form a central cavity; still more anteriorly,

at the junction of auricles and ventricle, the trabecular structure is

much less apparent, the fibres being closer and mainly circular.

In the auricles the muscular fibres are chiefly arrang-ed in circular-

rings which cross one another; on the inner surface, however,

traces of an arrangement similar to that in the ventricle may be

made out. In the heart, from which the sections in Fig-. 137

1 The base of the ventricle measured, when distended, 8 mm. by 5 mm.
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were drawn, transverse bands (cut long-itudinally), 0*33 nun. in

length, were numerous ; their central ends terminated in bands, the

fibres of which were cut transversely. The auricular septum (Fig.

141 a 31) also possesses muscular fibres which cross one another in its

substance.

The fibres of the truncus arteriosus resemble those of an ordi-

nary artery; those of the sinus venosus are arranged in rings,

mostly transverse, but others oblique, and a few longitudinal.]

(2) The structure of the cardiac muscle-fibres (Figs. 138 and

141 a).

[The cardiac muscle of the frog consists of spindle-shaped cells,

which as Pohl-Pincus pointed out, are of two kinds ; the main differ-

ence between the two being in the size of the nucleus, which is

much broader in one than in the other.

Fig. T38.

rj/

B

..c&

Portion of a transvei-se section through tlie middle of the ventricle of /?. femporaria. From

same heart aa the sections in Fig. 136. Oc. I, Syst. 7, Leitz.—G. H.

A Rod-shaped nuclei of muscle fibre.

B Oval nuclei of muscle fibre.

CM Circular layer of muscle.

CT Connective-tissue.

B Endothelium of the epicardium.

TM Transverse bands.of muscle.

a. Cells with a broad nucleus (Fig. 138 ^) : the nucleus is lenti-

cular or egg-shaped, 4 to 7 jix broad, 8 to 14 or 18 m lo^gi the

ratio of length to breadth being i : 2.

/3. Cells with a narrow nucleus (Fig. 138 J) : the nucleus is



THE HEART. 219

Fig. 139-

rod-shaped, 2'^ to y^ ij.
broad and 25 to 43 ju in length. The

ratio of length to breadth varying from 1:8 to i : 16. These

cells are more frequent in the right half of the base of the ven-

tricle than the former variety. In the trabeculae the second

variety is more numerous (Pohl-Pincus).

The muscle-fibre may be simple (Fig. 141 a 31) or possess branches

(Fig. 138); the fibres are all more or less spindle-shaped, and

striated transversely and longitudinally, but possess no sarcolemma.

The protoplasmic contents of the cell are finely granular; the

nucleus mvich more coarsely granular and possessing one or more

distinctly marked nucleoli. The striations are due to the presence

of a network, which has been carefully described by Messrs. B. Mel-

land and C. F. Marshall^, and is similar to that of ordinary

volmitary muscle (see histology of muscle).]

b. The nerves of the heart.

The nervous supply of the, heart is derived from the sympathetic

system and from the cardiac branches of the pneumogastric nerve ;

the course of which has already

been traced (page 175) to the roots

of the anterior caval veins, where

they form a simple plexus by means

of a connecting link (Fig. 139).

The plexus possesses nerve-cells and

sends off two nerves into the auri-

cular septum ; the one (c/) lies dor-

sally and is shorter and thicker than

the other (v), which lies ventrally

in the septvim. They course back-

wards to the posterior border of

the septum, and there distribute

fine branches to the base of the

ventricle and surrounding parts.

[In the whole of their course in

the heart they have numerous

nerve-cells, either imbedded be-

tween their fibres or attached to

the nerves and their branches.

The nerve-fibres are both me-

dullated and non-medullated. The nerve-cells (Figs. 139, 140,141)

' I have had opportunity of examining Mr. Marshall's slides and have convinced

myself of the correctness of his observations.

Course of the cardiac nerres in the auricular

septum.

d Dorsal nerve.

V Ventral nerve.
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Fig. 140.

are usually oval, and are unipolar or rarely bipolar ; sometimes two

cells exist in the same envelope, forming the ' twin-cells '' of

Dog'iel (Fig. 141b II). Accord-

ing to the recent observations

of Lavdowsky and Dogiel each

cell receives one medullated fibre

and gives off a fine non-medul-

lated fibre ; the two run together

for a short distance, after which

the non-medullated fibre sepa-

rates to supply muscle-fibres.

Two large clusters of nerve-

cells have received special names.

Kemak's ganglion is a large

group of nerve-cells in the wall

of the sinus venosus.

Bidder's ganglion is formed,

collectively, by groups of cells in

the aurieulo-ventricular groove,

the chief groups being attached

to the two cardiac nerves.

No nerve-cells have been dis-

covered behind that portion of the ventricle near the aurieulo-

ventricular groove, nor has a direct connection between the cells

or their processes with the fibres of the pneumogastric nerve been

made out.

Nerve-fibres have been described as existing in all parts of the

ventricle and being connected with the muscle-fibres (Openchowsky

and others) ; this cannot, as yet, be accepted as proved.

The truncus arteriosus also possesses nerve-fibres and nerve-cells

(Pagliani, Lowit, and others), but their arrangement seems to be

very irregular. Lowit did not succeed in finding the nerve-cells in

all cases examined ; and Engelmann denies their occurrence.]

c and d. [The endothelium and connective-tissue of the heart.

The connective-tissue of the heart exists only in very small

quantity. A fine layer on the oiiter surface of the ventricle,

especially towards the aurieulo-ventricular groove, can easily be

seen (Fig. 138 CT)
-,
the various valves, the auricular septum, and

more particularly the truncus arteriosus, all contain connective-

Group of nerve-cells on the cardiac nerve, from
the auricular septum. Stained with picrocar-

mine. Occ. Ill, Syst. 3, Hartnack ; after Dogiel.

F Fibres of the cardiac nerve.

G Nerve-cells.
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tissue. In the latter part the spiral valve is wholly formed of

this tissue.

Fig. 141 a.

^-.

Small group of nerve-cells from the auricular sejitum. Stained with picrocarmine and silver

nitrate, after Dogiel.

E Endothelium (endocardium).

G Nerve-ceUs.

* M Muscle-fibres.

N Nucleus.

JV' Nucleolus.

The whole of the inner surface is lined with endothelium

Fig. 141 b.

Isolated nerve-cells from frog's heait. 1. Usual form of nerve-cell. II. 'Twin-cell.'

C Capsule.

JV' Nucleus.

N' Nucleolus.

P Process.
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Arteries and veins of the Truncus
arteriosus of Bufo vulgaris, after

Hyrtl.

a
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The carotid gland (rig-. 144 c') is a dilated portion of the vessel.

The interior contains bands or trabeculae of muscle^ which give its

Fig. IJ.3.

Schema of the arterial system of Rana escttlenfa.

A
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walls a more or less spong-y structure; the muscle-fibres are not

transversely striated (Hoffmann).

a. The lingual artery [Arteria Ihigualu, Arteria hyoidea-lingualis,

Arteria liyoUlea), (Fig-s. 143 /, 144 L) arises b}^ two roots from the

inner surface of the carotid g-land, and courses forwards and in-

wards, suj)plying- branches to the thyroid gland and the Mtisciill

genioJiT/oidei, to the ventral surface of the hyoid; another continues

forwards on the outer border of the M. hyoglossus to supply branches

to the hyoid and tong-ue.

b. The carotid artery (^Arteria carofis communis), (Fig-s. 143 ca,

144 c") arises by several roots from the outer wall of the carotid

g-land ; and passes over the Musculiis petrohyoideus I to the anterior

end of the oesophag-us, round which it courses towards the vertebral

column, and then runs forwards to the base of the skull. The artery

then courses forwards, lying" immediately above the mucous mem-
brane and underneath the transverse arm of the parasphenoid, which

it crosses about midway between its back and external end
;
[at this

point the artery g-ives off two palatine arteries, then ascends in the

orbit to the orig-in of the M. pterygoidens, and divides into two

Fig. 1 44. branches, the internal carotid artery and the

ophthalmic artery]. The branches are :

—

(i) The pharyngeal artery [Arteria pha-

ryngea ascendens), (Fig. 145 p) Avhicli runs

towards the opening of the Eustachian

tube, distributes branches to the pharynx,

and anastomoses with the Arteria p/iaryu-
Right carotid gland. -ti c .^ j_ x

' j
„ ,., ^ qeo-maxiUaris 01 the cutaneous arterv, and

c Carotid arch. •' " '

c' Carotid gland. with the Rmuvs hifraniaxUlaris of the
c" Carotid artery. • •

j ^ i

L Lingual artery. OCCipital artery.

(2) [The posterior palatine artery [Arteria palatina pjosterior,

Virchow) immediately divides into a number of small twigs to

supply the mucous membrane of the hinder and outer parts of the

gums.]

(3) The anterior palatine artery [Arteria palatina anterior, Vir-

chow; Arteria palatina, Ecker), (Fig. 145//) runs forwards, between

the Muse, levator btdfji and the mucous membrane, u4th the jRamus

Ijalatinus of the trigeminal nerve. [On reaching the palatine

bone, it curves outwards to the outer anterior angle of the orbit,

where it gives off a branch backwards along the upper jaw to

the hinder portion of the orbit.] -In its course it supplies twigs
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to the surrounding tissues, but chiefly to the mucous membrane
and Harder's gland.

Fig- 145-

Arterial system of liana esculenla.'

A Dorsal aorta.
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reached at the ciliary processes. In its course the artery sup-

plies :

—

a. Muscular branches, given off at the point where the artery

reaches the eyeball.

/3. Two arteries [AÂ. ci/iareft) to the choroid, given off at the

same point as the foregoing'.

y. Two arteries to the iris.

Ô. The Art. hyaloidea, the terminal portion of the ophthalmic

artery. (For further description of these vessels, see Eye.)].

2. The systemic arch [Bnctns aorticvs), (Figs. 132, 143, and

145 77) is the middle arch of the three; it arises from the middle

canal of the .Ductus arteriosus, and winds obliquely round the

oesophagus between the MM. petrohyoidei I and // towards the

vertebral column, which it reaches at about the level of the

sixth vertebra. The right systemic arch is continued as the

dorsal aorta, the left arch communicates with it merely by a

small opening, and is then continued as the coeliaco-mesenteric

artery.

Branches of the systemic arch :

—

a. The laryngeal artery [Arteria larynged), (Fig. 146 Ig) arises

from the inner border of the systemic arch before it reaches the

oesophagus ; it passes forwards and inwards to be distributed in

the larynx and pharynx. According to Briicke this artery possesses

a valve at its point of origin.

pj g
b. The oesophageal arteries [Arteriae

oesopliageae) pass from the upper part of the

arch to the dorsal surface of the oesophagus.

c. The oecipito-vertebral artery (Ecker),

[Ai-t. occipito-vertebralis), (Fig. 147 o,v) [arises

from the systemic arch immediately in

front of the transverse process of the second

vertebra^ and ascends immediately in contact

with the body of the first vertebra, which it

separates from the MM. iutertransversarii

capitis and the sympathetic cord]. Immedi-

ately under the most antei'ior portion of the

M. longissimns dorsi the artery divides into

two branches, the vertebral and occipital

arteries :

—

(i) The vertebral artery [Arteria vertehralis or supra-vertehralis

Transveree section it level of
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(Fig-. 147 v) courses backwards lying" on the transverse processes of

the vertebrae and on the M3I. iuterfransversarn, under cover of the

31. longissuinii^ dor-si. In this course it is close to the oblique pro-

Fig. 147.

Dissection to show the oocipito-vertebr;il and the cutaneous arteries.

The skin of tlie back has been divided by a median incision and drawn to either side ; the right arm
dislocated and removed througli tlie opening in the skin (at A). On the left side the extensor

muscles of the back have been removed.

cm. Cutaneous artery.

c.p. Arteria cutanea pectoris.

o Occipital artery.

* Scapular artery.

V Vertebral artery.

cesses, and may even be partially covered by these ; it extends

beyond the sacrum, and g-ives off :

—

a. The Bami sjnnales, which pass through the intervertebral

foramina to the spinal cord (see Arteries of Spinal Cord, p. 162).

ji. The Rami dorsales ; these supply the muscles of the back and

send branches to the skin, which accompany the cutaneous branches

of the spinal nerves through the Saccns li/mphaliens cranio-dorsalis.

Q 7,
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y. The Bami intercostales are distributed in part to the 3IM. in-

tertj'ansversarii ; other twigs pass ventrally to the periganglionic

glands ; the longest branches accompany the anterior divisions of

thfi spinal nerves to the muscles and skin of the belly (Fig. I45)-

/ (2) ïhe occipital artery [Arteria occipitalis), (Figs. 147 and 148 0),

tûJâ^ anterior branch of the occipito-vertebral artery, pierces the

31. longissimus dorsi ; then courses forwards under cover of the

Fascia dorsalis and upon the M. temporalis, and divides, behind the

eyeball [at the anterior border of the M. temporalis, Virchow],

into two branches :

—

a. The Hamus orhito-nasalis (Fig. 148 on) accompanies the oph-

thalmic nerve along the wall of the cranium, and passes through

the sphenethmoid, with the nasal branch of the ojihthalmic nerve, to

the nose, where it divides into two branches supplying the mucous

membrane of the nose. In its course through the orbit the artery

supplies branches to the Harderian gland and neighbouring parts,

and anastomoses with the ascending branch of the Arteria palatina.

13. The Bamns maxillaris communis {Art. temjwralis, Virchow),

(Fig. 148 m) runs downwards and outwards along the anterior

border of the M. temporalis, and passes under the anterior arm of

the squamosal bone to course backwards on the upper jaw. At
this point the Bamus maxillaris

I'ig- 148- superior [m') is given off. The

y o on main artery continues its backward

course to the tympanic membrane,

where it divides into its three termi-

nal branches :

—

[(i) The Bamns maxillaris supe-

rior (AA. maxillares S2(periores, Vir-

chow), usually not a single artery

but a number of small twigs, which

supply the space between the eye

and the upper jaw.

(s) A small ascending branch to

the tympanic membrane (Virchow).

(3) A Bamt(sa?iric?ilaris(Yirchow),

which forms a rich anastomosis on

the hinder wall of the tympanic

cavity, and supplies a twig- to the

tympanic membrane. Tliis passes

Branches of the occipito-vertebral and cuta-

neous arteries in the head ; side view. The
skin (//) has been reflected downwards.

cm. Cutaneous artery.

l.a. M. levator scapulae.

m Art. maxillaris communis.
»»' Art. maxillaris superior.

in" Art. maxillarLs inferior.

o Occipital artery.

on Art. orbito-nasalis.

p.m. Art. pharyngo-maxillaris.

V Vertebral artery.
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from the upper border of the membrane to the point of attachment

of the Columella anris (extrastapedial), round which it forms a

circular anastomosis. The Baums auricularis also anastomoses with

the cutaneous artery.

Fig. 149.

f.l)

\W-râ^j

Dissection to show the occipito-vertebral and the cutaneous arteries.

The skin of the back hijs been divided by a median incision and drawn to either side ;
the right arm

dislocated and removed through the opening in the skin (at A). On the left side the extensor

muscles of the back have been removed.

cm. Cutaneous artery.

c.p. Arteria cutanea jjectoris.

o Occipital artery.

s Scapular artery.

V Vertebral artery.

(4) A branch passing" inwards to the fat-body, and lying immedi-

ately in front of the deltoid muscle (Virchow).

(5) A small branch running* on to the inner sm'face of the angle

of the jaw and then forwards (Virchow).
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(6) A larger vessel, the Hamus maxillaris inferior (Fig-. 148 ///'),

which arises from the Ramus maxillaris siqjerior under cover of the

tympanic membrane, and accompanies the Ramus mandihularis of

the trigeminal nerve through the M. masseter, or between this

muscle and the M. temporalis to the mandible, and then courses

. forwards to the chin. A large cutaneous branch is given off half-

way along the floor of the mouth. The artery gives off many
small twigs to supply the neighbouring structures.]

3. The pulmo-cutaneous arch {Ductus pulmo-cutaneus), Figs.

132, 143, and 145 III) is the hindmost (fifth embryonic) of the

three persistent arches ; it passes upwards and forwards on the

oesophag'us, and at the level of the carotid gland divides into two

branches, the pulmonary artery and the cutaneous artery.

a. The pulmonary artery [Arteria pidmoualis) runs backwards to

the root of the lung, along the outer surface of which it is continued

in a sinuous course. It supplies the lung.

b. The cutaneous artery (Arteria cutanea magna), (Fig*. 149 cm.)

[passes along the deeper surface of the M. petrohi/oideus ///until near

the prootic bone ; in this course it travels forwards, outwards, and

upwards, crosses the outer border of the muscles, and appears between

the M. levator anguli scapulae and the M. sternocleidomastoideiis. At
this point the artery curves sharply round to reach the angle of the

jaw, the hinder border of the M. depressor maxillae inferioris. The

curve so formed and the descending limb are covered by the M.
depressor maxillae inferioris. The artery then passes backwards to

form a rich anastomosis in the skin almost as far as the posterior

end of the trunk. It supplies the following branches :

—

(1) The Ramns dorsalis (Virchow) arises immediately in front of

the curve of the main artery; it ascends behind the M. temporalis,

and passes along the anterior border of the M. depressor maxillae to

the skin, where it curves backwards. It supplies small twigs

forwards as far as the eyelids.

(2) The Ramus auricularis (Virchow) also arises in front of the

curve in the cutaneous artery; sometimes it arises from the Ramus

dorsalis. The artery winds around the M. pjetroJ/i/oideus ///near its

insertion, and so reaches the posterior wall of the tympanic cavity,

where it anastomoses with the R. auricularis of the Ramus maxillaris

covimi(nis.'\

(3) The Arteria pharyngo- maxillaris (Fig. 148 p.m.) is a small

branch running forwards and outwards to supply the mucous mem-
brane of the larynx, Eustachian tubes, gums, the lower jaw, and
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the skin under the mouth. It forms a rich anastomosis with

branches of the Bamus maxillaris inferior of the occipital artery,

and with others from the pharyng-eal branch of the carotid artery;

a larg-e branch passes forwards to supply the skin of the throat

and floor of the mouth.

(4) The Arteria cutanea pectoris {Fig. 149 c.jj.) is distributed to the

skin of the breast.

4. The subclavian artery {Arteria sithclavia), (Fig. 150 s).

The subclavian artery arises from the systemic arch immediately

behind the occipito-vertebral artery at the level of the second or

third vertebra. The artery then runs outwards alongside and in

front of the brachial nerve, between the M. suhscapularis and the

M. triceps to the arm, where it is known as the brachial artery; in

its course it gives off :

—

a. The Arteria costo-cervicalis (Fig. 150, i). This artery arises

near the systemic arch, and runs backwards, parallel to the ver-

tebral column, over the brachial nerve, and across the transverse

processes of the vertebrae. It is distributed more especially to the

M. obliquus internns.

Fig. 150.

b. The Arteria

coraco - clavicula-

ris (Fig. 150, 2)

arises more ex-

ternally than the

last artery ; it

accompanies the

coraco - clavicular

nerve on the dor-

sal surface of the

ventral portion

of the shoulder-

girdle, and passes

between the M.
cleUoideus and M.
subscapidaris into ^ , , * * *,, 1 ** vi-' feubclaviau artery of the left side,

\h.eForamen ovale, a systemic arch. * Subclavian artery

A' Dorsal aorta.

c Arteria cutanea medialis superior.

c' Arteria cutanea medialis inferior,

Is M. levator scapulae.

o.v Occipito-vertebral artery.

p Arteria pectoralis.

R Radial ai-tery.

A'—

J

where it divides

to supply these

muscles and the

M. pjectoralis.

u Ulnar artery.

Arteria costo-cervicalis.

Arteria coraco-elavioularis.

Arteria scapularis posterior,

Arteria scapularis superior.

Cutaneous artery.

Arteria subscapularis.
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c. The Art. scapnlaris posterior (Fig. 150^ 3), a small branch

arising opposite at the tip of the second transverse process and

passing backwards over the MM. transverso-scajmlares, to which it is

distributed.

d. The Art. scajmlaris superior (Fig. 150, 4) accompanies several

nerves between the M, suhscapularis, 31. transverso-scapularis major,

Fig- 151-

Arteries of the palmar surface of the liand.

B Uhiar artery.

ci R. cutaueus medialis inferior.

d Digital branches.

F M. flexor digitorum communis.

// Thumb.
V Fifth finger.

Arteries of the doi-sal surface of the hand.

B Ulnar artery.

cri R. cutan. rad. inferior.

H Radial artery

II Thumb.
V Fifth finger.

and the long head of the M. triceps towards the dorsal surface,

where it is distributed to the M3I. infrasjnnatus, latissimns dorsi, etc.

e. The Ramtis aitaneus maxillaris.

f. The Art. suhscapularis (Fig. 150^ 6) is distributed in the su.b-

scapular muscle.

A. The brachial artery [Arteria b)-ackialis), (Fig. 150) accom-

panies the brachial nerve under cover of the long head of the

M. triceps and over its inner head to the Plica cuhiti, into which it

sinks near the tendon of the 31. sternoradialis ; beyond this point it

is continued as the ulnar artery. In its course the brachial artery

gives off :

—

a. The Arteria pectoralis (Fig. 150 j»;).

b. The Arteiia cutanea medialis superior (Fig. 150 c).

c. The radial arterj {Arteria radialis), (Fig. 150R) which winds
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round the humerus with the radial nerve between the muscles of the

outer side of the forearm, to which it gives branches : in the palm

of the hand it passes between the M. extensor carpi îdnaris and the

M. flexor antihrachii to the dorsal surface of the hand, where it

anastomoses with the ulnar artery. In its course it supplies :—

(i) Muscvilar branches to the surrounding' muscles.

(2) The Bam. cut. radialis inferior, which arises from the radial

artery towards the distal end of the forearm, and passes underneath

the M. flexor carpi ulnaris to the skin.

B. The ulnar artery (Arteria nlnaris), (Figs. 150 U, 151 B) ac-

companies the ulnar nerve towards the hand, passes between the

M.flexor digitorum communis and the M. anconeus to the palm of the

hand, and then winds round the outer side to the dorsal surface

of the carpus to form its terminal branches. The branches are :

—

(i) The Rayn. cntan, med. inferior (Fig. 151 ci); it arises near

the wrist-joint and supplies (a) twigs to the skin of the inner sur-

face ; (/3) a branch downwards, which courses along the inner side

of the second finger to its tip; and (y) a branch which passes

upwards to anastomose with the B. cutaneus m.edialis superior.

(2) In the palm of the hand a branch (Fig. 151 d) is given off,

which divides to form Arteriae digitales volares : one for the second

finger, two for the third finger, two for the fourth finger, and one

for the fifth finger.

(3) Given off on the dorsum of the hand (Fig. 152) it supplies

branches corresponding exactly with those of the palmar surface.

5. The dorsal aorta (Aorta communis s. ahdominalis (Fig. 153^).

The two systemic arches unite at about the level of the sixth vertebra

to form the dorsal aorta : as already mentioned the union is very

incomplete, the dorsal aorta being practically a continuation of the

right systemic arch, and only communicating with the left by

means of a small opening. The branches are as follows :

—

a. The coeliaco-mesenterie artery [Arteria intestinalis communis),

(Fig. 153), the true continuation of the left systemic arch, at once

divides to form the gastric and mesenteric arteries.

(i) The gastric artery (Arteria gasirica s. coeliaca) (c) immediately

divides into two branches :

—

a. The Bamxis dexter s. anterior ; this artery gives off the Arteria

Iiepatica to the liver and gall-bladder and passes to the right (an-

terior) surface of the stomach, running along the attachment of the
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mesentery and supplying- branches forwards to the oesophag-us and

backwards towards the intestme.

j3. The Ramus sinister s. posterior passes to the left (posterior)

surface and behaves like the Ram. dexter.

(2) The mesenteric artery (Arteria mesenterica superior and infe-

rior., and the Arteria spdenica), (Fig-. 153 m) supplies :

—

a. The superior mesenteric artery, which supplies the upper part of

"Fig- 153-

Arterial system of Hana cscuknta.

A Dorsal aorta.

Ad Right systemic aroli.

As Left systemic arch.

c opposite fore-limb) Carotid artery.

c (in abdomen) Coeliao artery.

cm Cutaneous artery.

e Lingual artery.

U Heait.

//' Harderian gland.

L Liver.

Lu Lung.

m
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y. The inferior mesenteric artery to the lower part of the intestine.

All the arteries to the intestine course in lympli-sj:)aces.

b. The urinogenital arteries [Arteriae nrino-genitales), (Fig.

154 vff) are four to six small arteries arising- from the ventral

surface of the aorta between the kidneys : they immediately divide

into right and left branches to supply the kidneys, fat-bodieSj

reproductive organs, and their ducts (see kidney).

c. The lumbar arteries (Arteriae lunibales), are small paired vessels

to the neighbouring muscles, and send branches through the in-

tervertebral foramina to the vertebral canal. Sometimes these

arteries arise from the Art. spinalis or Art. vertetjralis, etc. ; in the

former case they pass outwards from the vertebral canal to the sur-

rounding* structures.

d. The haemorrhoidal artery [Art. viesenterica inf. s Art. hae-

morrhoidalis superior') is a small median artery running from the pos-

terior end of the aorta to the large intestine.

Fig- 154-
6. Bifurcation of the aorta. The

iliac arteries [Arteriae iliacae commu-

nes). Opposite the middle of the uro-

style the aorta bifurcates to form the

iliac arteries; each of these courses

on the corresponding sciatic plexus to

the thigh, beyond which it is con-

tinued as the sciatic artery. The

branches of the iliac artery are :

—

a. The vesieo-epigastric artery

[Arieria ejngastrico-vesicalis), (Fig. 155

ev) ; it arises near the bifurcation,

passes outwards on the plexus, and

divides into two branches :

—

(i) The epigastric artery [Arteria

epigastrica) [e) immediately gives off

a recurrent branch to the iliac bone

and the M. ilio-coccygeus ; it then

continues to the ventral muscles of the abdominal wall, where it

runs forwards on the deeper surface of the M. oliliquus internns, and

is distributed more especially to this muscle.

(2) The hypogastric artery [Arteria vesicalis) [v) winds downwards

around the sciatic plexus to reach the mesentery, along which it

courses to the bladder, where it forms a rich anastomosis.

The urinogenital arteries.

A Dorsal iiorta.

H Testis.

N Kidney.

up Urinogenital arteries.
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Fig- 155-

b. The femoral artery [Arteria femoralis s. cniralis), (Fig. iSbf)
is the representative of the femoral artery of man, although it does

not perform the same functions. The artery passes under the

hinder free border of the M. ohliqnus infernns to the thigh, where it

lies upon the M. ilio-psoas, and sends twigs to the neighbouring

muscles, the skin, and lymph-sac [Lamina inguinalis), and then

divides into :

—

(i) A twig, which runs forwards on the ventral surface of the

iliac bone and is covered by the epigastric artery.

(2) A twig, running forwards and do\vnwards on the MM. ilio-

psoas, vastus iidernus, and sartoriiis, to send branches to the hip-joint.

c. The spermatic artery [Arteria spermaticd), which arises, in

males, from the iliac artery, and ascends to the Vesicula seminalis.

7. Arteries of the hinder

extremity.

A. The sciatic artery [Arte-

ria ischiadica), (Fig. 156 i) is the

continuation of the iliac artery
;

it leaves the pelvis between the

hinder (outer) border of the M.

coccj/geo-iliacus and the inner

surface of the origin of the M.

ilio-psoas, then lies between the

former muscle and the origin of

the M. vastus externus. It ap-

pears on the thigh between the M.
vasttis externus (in front) and the

M. jpyriformis (behind) ; it is the

main arterial trunk for the hinder

extremity. The artery courses

backwards, lying upon the sciatic

nerve and between the M. hiceps

and the M. semimembranosus ; in

this course it runs in a lymph-

space placed in the Septum fémorale superius (see page 259).

Arrived at the popliteal space the artery bifurcates to form the

peroneal and tibial arteries; near the pelvis it gives off two
branches (a) and (b), and in its course along the thigh two

branches (c) and (d).

a. The Art. haemorrhoidalis inferior [h) runs backwards and

Bifurcation of the aorta and the iliac arteries.

e Epigastric artery.

ev Vesico-epigastxic ai"tery.

Femoral ai-tery.

Internal oblique muscle.

Vesical artery.

/
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inwards under the M. pyriformis to be distributed in the M. sphincter

ani and the skin of the anus.

b. The Art. cutanea fernon s posterior v. superior {cf) runs with the

corresponding" nerve and the M. pyriformis, and over the M. semi-

memtjranosus to the skin of the inner and hinder surfaces of the

thig-h.

e. The Bami mnsctdares supply the M. semrmemhranosus, the M.
biceps, and the MM. extensores anris; the branch to the M. rectus

inferior major pierces the muscle in company with the nerve, and

is continued as :

—

d. The Art. cutanea femoris media {cf) to the skin of the middle

of the inner surface of the thig-h. Several small twigs pierce the

M. rectus hitemus minor,

reach the skin, and ^ig- ^P^-

communicate with this
/,,

artery. «f y, , \

Arteries of the hinder extremity.
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wards under cover of the tendon of the M. Weeps femoru, and

accompanies the peroneal nerve downwards to give off :

—

a. The Art. ciraimjlexa genu lateralis superior, which runs forwards

on the outer side of the knee, gives a twig" to the joint, and is

continued as :

—

b. The Art. cutanea genu lateralis superior [cgl) to the skin of the

anterior and outer sides of the knee. It anastomoses with branches

of the Arteriae circumjlexae genu vierliales to form a rich anastomosis

[Rete articnlare genu) : other branches pass upwards to inosculate

with the Art. cutanea femoris anterior {cf), and others downwards

to anastomose with the next artery.

c. The Art. circumfiexa genu lateralis inferior {cgl') runs under

the tendon of origin of the gastrocnemius to the outer side of the

knee, and terminates in the skin as the Art. cutanea genu lateralis

inferior. Some of the cutaneous twigs pass upwards to anastomose

with the Art. cut. gemi lat. superior, others downwards to anastomose

with the AA. malleolares.

d. A muscular branch [p') for the M. peroneus ; it is the real

continuation of the peroneal artery, and runs behind the outer

tendon of origin of the gastrocnemius to be distributed in the

3f. peroneus.

C. The tibial artery (Arteria tihialis), (Fig. 156 t), arises at

the bifurcation of the sciatic, and runs inwards, meeting the

tibial nerve between the tendons of origin of the M. gastrocnemius,

and deep in the popliteal space under cover of the calf-muscles. It

then pierces the M. tibialis pjosticus, and leaves this to perforate the

tibio-fibula (see p. 50), appearing again on the anterior surface

as the anterior tibial artery. Before meeting the tibial nerve this

artery gives off the following branches :

—

a. The Art. circuwjlexa genu superior medialis [cgvi), which winds

round to the front of the knee-joint, and gives off a cutaneous

branch, the Art. cutanea gemi medialis siiperior, which is distributed

in the skin of the inner side of the knee and anastomoses above with

the Art. cutanea femoris media, below with the following branches

(b, c, and d).

b. The Art. circumjîexa genu inferior medialis {cgm') supplies twigs

to the knee-joint, and passes to the skin of the knee and inner

surface of the calf as the Art. cutanea inferior medialis.

e. Musciilar twigs to the M. gastrocnemius.
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d. The Art. sura/is (m) ; this accompanies the A^. sm-alis down-
wards along" the calf-muscle, and is distributed in the skin of the

inner side of the heel.

e. While passing- between the fibres of theM. iihialis 2wdicns, the

tibial artery gives off muscular twigs ; one larger than the rest is

known as the Ramus âescenâevs.

D. The anterior tibial artery [Arieria fihialis ant'ica), (Fig.

157 A«.) is the continuation of the tibial artery after piercing- the

tibio-fibula. It runs F,-g. 157.

downwards on the

anterior surface of

the leg-, then between

the two heads of the

M. tlhialis anticus to

the dorsum of the

foot, where it is con-

tinned as the Arte-

ria dorsalis pedis. It

supplies :

—

a. Rami muscidares

to the M. peronens,

M. extensor cruris,

and to the M. flexor

tarsi anterior.

b. The Art. cuta-

nea cruris inferior

((?.e./.) passes between

the two heads of the

M. tlhialis anticus to

the skin of the ante-

rior and outer sides

of the leg".

c. The Art. cuta-

nea calcanei (e.c.) is

given off at the

ankle-joint; it runs

outwards on the

lower end of the

tibio-fibula, g-iving branches

Arteries of the dorsal surface of tlie foot.

c.i;.

c.c.i.

Ft'

h
?i

72

»3

«4

ml
m.m.
t.a.

fa*

Art. cutanea calcanei.

Art. cutanea cruris inferior.

M. flexor tarsi.

Art. cutanea haUucis.

Art. interossea dorsalis I.

Art. interossea dorsalis II.

Art. interossea dorsalis III.

Art. interossea dorsalis IV.

Art. maUeolaris lateralis.

Art. maUeolaris niediaUs.

Anterior tibial artery.

Bifurcation of the dorsalis pedis artery.

Art. tarsea.

to the joint, then backwai-ds between
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Fig. 158.

the tibio-fibula and the M. peroneus to be distributed to the skin

of the heeL Above it anastomoses with the A. circumjiexa genu inf.

lateralis, and below with the malleolar arteries.

d. The Art. malleolaris lateralis (v/t) arises a little beyond the

last artery ; it raws outwards under the origin of the 31. flexor tarsi,

gives branches to the joint and muscles, and terminates in the skin

of the outer border and dorsal surface of the foot.

e. The Art. maUeolaris medialis {in.m.) arises at about the

same level as the Art. maUeolaris lat. from the inner border of the

anterior tibial artery. It supplies branches to the joint, gives nu-

merous branches to the skin, which anastomose with the Art. snralis,

and passes to the inner border of the foot, where it ends by dis-

tributing branches to the Il.jdantaris, the extensor aponeurosis, and,

as the Art. cutanea plantaris, to the skin of the sole of the foot.

E. The dorsal artery of the foot [Art. dorsalis pedis), (Fig.

157 t.a.) runs under the M. flexor tarsi posterior to the point ta*,

where it is superficial ; the artery then

bifurcates ; the branches are :

—

a. The Art. tarsea (fr) which arises from

the dorsal artery of the foot while under

cover of the M. flexor tarsi posterior ; it

passes to the M. extensor digiti J and to

the skin of the dorsum and outer border

of the foot. One branch courses along

the outer border of the fifth toe to its tip
;

another passes upwards to anastomose

with the neighbouring vessels.

b. The inner branch, formed by the

bifurcation of the dorsal artery of the

foot, at once divides to form :

—

(1) The Art. cutanea halhcis (//) to the

supplemental great toe.

(2) The Art. interossea dorsalis I {j}),

which at once bifurcates to form two

Rami digitales for the first and second toes;

these inosculate with the Art. cutanea

plantaris, and send twigs to the skin of the inner border of the foot.

c. The outer branch formed by the bifurcation of the dorsal

artery divides to form the Arteriae interossei dorsales II, III, and IV
{i^, i^, i^) ; they are distributed in a rich anastomosis to the web.

Arteries of the sole of the foot.

i Art. interossea.

pf Rami i)erforantes.
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d. The Aiieria inleros-^ea (Fig. 158 i) arises from the dorsal

artery of the foot at the tarsus, and perforates the membrane

between the astragahis and calcaneum to reach the sole of the foot.

It forms a rich subcutaneous plexus on the calcar, and anasto-

moses with the Rami perforantes (Fig-. i5^j]f), which pass above

the upper borders of the Musculi inferossei to reach the plantar

surface, where they g-ive off small Bami inferossei volares to

anastomose with the AA. inierosseae dorsales.

III. THE VEINS.
(The arrangement of this section has been modified.)

The blood, distributed to the body by means of the arteries, is

returned to the heart by the veins, which conduct the blood di-

rectly or indirectly to the auricles. The pulmonary vein opens

directly into the left ventricle, the three Venae cavae open into the

Sinus venosus.

A. Vein opening into the left auricle.

The pulmonary vein [Vena pulmonalls communis), (Fig. 159
rp). The blood returning from each lung is gathered into a

vessel lying along the inner side of the root of the lung. That of

the right side is somewhat longer than the left ; the two vessels

[fenae pulmonales dextra et sinistra) run above the corresponding-

anterior caval veins to form a common trunk, the pulmonary vein,

which opens into the left auricle (see p. 215).

B. Veins opening into the Siniis venosus.

The veins opening into the Sinus venosus are the three caval

veins ; of these the two anterior open into the anterior angles of

the Sitms venosus, the posterior into the posterior angle.

1. The Anterior Caval Veins [Vena cava superior), (Figs. 133 V,

159 C a) are a pair of large veins opening into the Sinus venosus

and returning to it blood from the fore-limbs and sides of the head.

Each vein is formed by the union of a small vein, the external jvigu-

lar, with two large veins, the innominate and the subclavian veins.

a. The external jugular vein [Vena jugularis externa), (Fig.

i^gje) is formed, at the outer border of the hyoid bone, by the

union of two veins :

—

(1) The lingual vein [Vena linffualis) (Fig. 16 1 1). This originates

at the tip of the tongue and passes in a very tortuous course along

the ventral surface of the hyoid; it receives numerous branches

from the tongue and hyoid muscles.

E



242 THE VASCULAR SYSTEM.

(2) The mandibular vein [J ena maxillaris inferior), (Fig-. 161 ;;/)

runs along the insertion of the M. suhmaxillaris, and turns inwards

at its hinder border to join the lingual vein.

b. The innominate vein [Jena anonyma), (Fig. 160 A) is formed

by the union of the

Fig. 159. internal jugular and

the subscapular veins.

By tracing the inno-

minate vein upwards

between the suspenso-

rium and the shoulder-

girdle, the internal

jugular vein will be

seen to receive the

vertebral vein at the

outer border of the il/.

levator scapulae. The

left innominate vein

receives the Vena hnlbï

anterior from the Trnn-

ens a.rteriosii,s (p. 222).

Schema of the veins of Rana
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(i) The internal jugular vein [Fe^ia jtigularis), (Fig. 160 J) can

be traced from the border of the M. levator scapulae upwards and

forwards to the hinder part of the prootic bone : it then passes

forwards under the lateral process of the prootic, in a groove on

the anterior surface of the same bone, towards the hinder angle of

the orbit, where it receives the veins from the cranial cavity (see

vessels of brain, p. 165), and also a branch from the orbit.

Fig. 160.

A
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j3. The Fe7ia vertehralis (Fig*. i6o F) arises posteriorly and runs

forwards over the transverse processes of the vertebrae, the Muscull

intertransversarii., and the M. levât, scapulae, to join the internal

jugular vein. In its course it receives branches {fe7iae spinales)

from the vertebral canal through the intervertebral foramina, and

cutaneous branches which accompany the corresponding arteries and

nerves through the dorsal lymphatic sac. The vein pulsates in

consequence of its connection with the anterior lymph-heart (Millier).

(3) The subscapular vein [Tena suhscapularis), (Fig. 160 S).

This vein arises in

Fig- i^i. the transverse abdo-

minal muscles and

the muscles of the

v\>^. shoulder g-irdle ; it

unites with the in-

-/ iIiSïl^^I~^ \ %\ lA temal jugular vein

under the shoulder-

girdle.

c. The subclavian

vein ( Vena suhdav'ia),

^^Z,^_=^ (Fig. 159) passes
'^^^"'

backwards from the

anterior caval vein

on the dorsal surface

of the coracoid bone

and the clavicle, and

then under cover of

the Fortio sternalis

of the 31. pectoralis

major, to the internal

border of the Portio

ahdominalis of the

M. pedoralis major,

where it is formed

by the vuiion of the

cutaneous vein and

the brachial vein.

(1) The cutaneous

vein ( Vena cutanea

magna, Ecker; Vena

The anterior caval vein and its branches.

Innominate vein.

Cutaneous vein.

Anterior cava vein.

Internal juguhir vein.

External jugular vein.

Lingual vein.

Mandibular vein.

Bracliial vein.

Subscapular vein.
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m?(,ieti7o-c?ifanea, Gvuhy), (Fify;s. i6o, i6i, and 163 cm.). This vein

arises by small branches in the head ; these are :

—

a. The Fena nasalis (Virchow) ; it arises by an upper and a lower

branch from around the nostril^ and courses backwards along the

superior maxillary bone to about the middle of the orbit, where it

joins the facial vein.

|3. The T'e^ta orbitalls anterior (Virchow), (Fena ophthalmica ante-

rior, Ecker), (Fig-. 1600) commences at the Harderian g-land from a

rich anastomosis,

receives branches Fig. 162.

from the floor and

anterior wall of the

orbit, and joins the

facial vein with the

Jena nasalis.

y. The Vena orhi-

talis posterior (Vir-

chow), ( Vena oph-

thalmica posterior,

Ecker), (Fig. 1600')

arises on the pos-

terior wall of the

orbit on the M. pterjjgoidens ; it passes under the Processus zygoma-

ticns to join the facial vein, and in its course receives the Vena

ophthalmica (see eye), and communicates with the Vena orbitalis

meclialis and the internal jugular vein.

h. The Vena facialis (Fig. 160) is formed about the middle

of the orbit by the union of the Vena nasalis and the Vena orbitalis

anterior ; it courses backwards towards the angle of the jaw. On
reaching the 31. depressor maxillae, about 4 mm. in front of the

angle of the jaw, it passes on to the skin. It receives in its

course the Venae palpebrales (Fig. 162) and the Vena orbitalis

posterior.

The musculo-cutaneous vein is the direct continuation of the

Veyia facialis after this has left the upper jaw; it immediately

receives one or more twigs [Venae tympanicae), (Fig. 162) from the

tympanic membrane and the tympanic cavity.

The vein then courses backwards in the outer wall of the lateral

lymph-sac as far as the middle of the trunk, where it passes, by

means of the Septum abdominale, to the outer border of the Fortio

Course of the cutaneous veiii as seen from the side.

cm. Cutaneous vein.

d M. depressor maxillae.

i M. infraspinatus.
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abdomiualis of the M. pectoralis ; here the vein curves round to pass

forwards between the fibres of this muscle to its inner border where

it terminates by joining- the brachial vein. In the whole of this

lengthy course the vein receives numerous branches from the

neighbouring- parts.

(2) The brachial vein

Fig. 163. [Ve7iahrachialisY\?, îorvaeà

in the Plica cub'iti by the

union of two veins.

Veins in the region of tlie kidney.

a
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The posterior caval vein is a median vein which, commencing be-

tween the kidneys, runs forwards to open into the posterior end

of the Sinus venosîts. It receives the hepatic, renal, and ovarian or

spermatic veins.

a. The hepatic veins (Fenae Âej)ai/cae), (Fig-. 164 v.k.) are two in

number, one from either side of the liver ; they open into the

posterior caval vein near the Siwi-S' vefiosns.

ta. The renal veins [Venae rénales or Venae revehentes), (Fig.

163 r) are fuur or five small vessels on each side; they pass from

the inner border of the kidney inwards and forwards, to form,

by their union, the posterior caval vein. The most anterior receive

branches from the fat-bodies (see kidney).

c. The spermatic or ovarian veins are four or five in number on

each side ; they open into the posterior caval vein between the renal

veins.

3. The Portal Systems.

[There are, in the frog, two portal systems ; the renal and the

hepatic. Each of these receives vessels which are derived, directly

or indirectly, from the veins of the hinder extremity.

The femoral vein on entering the pelvis divides to form two

branches ; an iliac vein placed dorsally, and a pelvic vein placed

ventrally; the two pelvic veins converge to the middle line of

ventral wall of the abdomen, where they unite to form the ante-

rior abdominal vein.]

a. The renal portal vein ( Fewa renalis advehens princeps), (Fig.

163 «). This vein is formed by the union of the sciatic and the

iliac veins ; it courses forwards to the outer border of the kidney,

and is distributed, by numerous branches, to that organ, chiefly

on its dorsal surface. It receives the following veins :

—

(i) The iliac vein {Vena iliaca externa); this is the dorsal branch

formed by the bifurcation of the femoral vein.

(2) The sciatic vein [Vena iscliiadica), (Figs, 163 and 165 i)

arises at the popliteal space, courses upwards in company with the

sciatic nerve between the M. semitendinosus and the M. hiceiis, then

passes, still with the nerve, between the M. vastus externus and the

M. pyramidalls into the pelvis. It continues forwards to join the

iliac vein. At the root of the thigh this vein communicates with

the femoral vein by the Eamns communicans iliacus.
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(3) The dorso-lumbar vein ( J'eua dorso-lumhalis), (Fig. 1 63 a) is

a vein (or more usually several) arising" by twigs in the dorsal and

outer walls o£ the abdomen ; it joins the renal portal vein opposite

the kidney.

(4) The oviducal veins (Fig. 163 ov) are irregular veins from

the oviducts^ which open either into the dorso-lumbar vein^ or into

the renal portal vein.

b. The hepatic portal system.

The liver receives blood from two sources : (i) from the hind-

limbs by means of the
'^' ^ ^'

anterior abdominal

vein^ and (2) from the

alimentary canal by

the hepatic j)ortal vein.

The anterior ab-

dominal vein ( Vena

abdomhiaIis),{¥\gB. 159
ab, 164 Va) is formed,

a little in front of the

symphysis pubis, by

the union of the two

pelvic veins. It courses

forwards along the

middle line of the

ventral body-wall un-

til opposite the liver,

where it ascends and

divides into three

branches, of which

two enter the right

and left lobes of the

liver respectiveyl. The

third, the Bamtis de-

scendons, joins the

hepatic portal vein.

The anterior abdomi-

nal vein receives the

following veins :

—

a. The vesical vein [Vena vesicalis), (Fig. 163 Vv) ; a median

vein arising in the groove between the lobes of the bladder from

lateral branches, which extend outwards on the bladder. This vein

Veins of the liver.
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communicates above with other vesical twigs which open into the

haemorrhoidal vein.

13. Parietal veins, which join the anterior abdominal vein in its

course along" the ventral body-wall.

y. A cardiac vein [Vena cardiacd), (Figs. 142, 159 re, 164 c),

which joins the anterior abdominal vein just before its division

(see p. 332).

The hepatic portal vein ( Vena j)ortarnm), (Figs, t 59, 1 64 F)

is formed by the union of the gastric, intestinal, splenic, and one

of the haemorrhoidal veins. The large vein so constituted passes

forwards towards the liver, receives the Ramus (leseeudens from the

anterior abdominal vein, and then passes into the left lobe of the

liver. Its branches are the following :

—

(i) The gastric veins. The stomach has three veins :

—

a. [The Jena eoronaria ventriculi, which receives blood from the

hinder end of the oesophagus and anterior portion of the stomach.

^ and y. Two other veins which form an Arciis coronarius on the

concave surface of the stomach; the hinder receiving in addition

the small Venae pancreaticae and the Tena dnodenalis ; the trunk so

formed receives the Vena corojiaria ventriculi (Hoffmann).

(2) The intestinal veins ; the veins of that portion of the ali-

mentary canal between the middle of the duodenum and the

anterior end of the large intestine open into a common vein which

joins the hepatic portal vein.

(3) The splenic vein joins either the hepatic portal vein or one

of the intestinal veins.

(4) The haemorrhoidal veins are three in number ; the anterior

opens into the splenic vein, the remaining two into the portal veins

through the agency of the intestinal veins.]

4. The Veins of the Hinder Extremity.

The hinder extremity has two venous trunks, the sciatic vein and

the femoral vein,

a. The femoral vein [Vena fenwralis), (Fig. 165/) is the larger

venous trunk of the hinder extremity. It arises in the popliteal

space as a direct continuation of the posterior tibial vein, courses

upwards in company with the sciatic artery and nerve, then leaves

these to wind forwards and outwards, and appears between the

origins of the M. vastus externus and of the M. rectus anterior.
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The vein here g-ives off the Bamns covimunicam iHaciv; to the sciatic

vein, and turns forwards and downwards around the ]\[. ghitaenn

maximus to reach the floor

'^" ^ ^' of the pelvis, near the fe-

moral artery. The vein

then bifurcates to form the

pelvic and iliac veins.

(i) The liamas commu-

nicans iliacMS (Fig". 165 c.i.)

forms a communication

with the sciatic at the base

of the thigh.

(2) The posterior tibial

vein [Vena tibialis postica),

of which the femoral is a

continuation, arises on the

dorsal surface of the toes

and foot. It runs super-

ficially on the 31. exienmr

longus (ligiti primi over the

ankle-joint, courses up-

wards and winds round

the outer surface of the

tibio-fibula to the flexor

surface. It receives, in its

course, muscular branches,

and at the knee a large

cutaneous branch.

b. The sciatic vein :

this vein has already been

described (sec p. 247), but

the vein from which it

arises requires description.

The anterior tibial

vein {Jena tibialis an-

tica) arises on the dorsum

of the foot by twig's from

the toes; it courses under the M. extensor lowjns digiti primi, then

upwards on the anterior surface of the leg, and enters the canal in

the tibio-fibula to appear on its hinder surface. The vein then

i (if tlie hinder extremity, half sclieinatic.

c.i. Vena communicans iliaoa.

/ Femoral vein.

i Soiatio vein.

i' Vena cutanea cruris medialis.

r.a. M. rectus anterior.

s.m. M. semimembran<«us.

v.e. M. vastus externus.
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receives twig-s from the M. peroneus, the M. tibialis posticus, the M.
gastrocnemius, and a large cutaneous branch.

a. The Vena cutanea cruris medialis (Fig". 165 i') receives branches

from both above and below, and enters the popliteal space to join

the anterior tibial vein.

/3, The anastomosis on the dorsum of the foot, from which the

anterior tibial vein arises, receives perforating" twigs from the

plantar surface.

PART IL

THE LYMPHATIC SYSTEM.

(The arrangement of this section has been considerably altered.)

[The lymphatic system of the frog may, for descriptive purposes,

be advantageously treated of in four parts :

1. The subcutaneous lymph-sacs.

2. The lymph-hearts.

3. The lymph-spaces of the body, and those lying between

the varioTis organs.

4. The lymph-vessels of the separate organs.

The first two parts will be described in this section ; the remainder

with the organs or parts of the body with which they are more

intimately associated. The spleen will be described with the ab-

dominal viscera.

1. The Subcutaneous Lymph-Sacs.

A number of large spaces exist between the skin and the muscles,

in which there is no direct attachment between these parts. These

spaces are separated from each other by thin connective-tissue

septa, stretched between the muscles and the skin, and by attach-

ments of the skin to the underlying structures.

Joh. Millier first demonstrated that these spaces were connected

with the lymphatic system, and that the contained fluid was lymph.

Although this fact was contradicted by Meyer it received confirma-

tion from Stannius, Leydig, and especially from Recklinghausen,

who showed that the fluid of the lymph-sacs was carried away by

the lymphatics, and that later it entered the blood-stream.
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A. The Lymph-sacs of the Head and Trunk.

a. The septa. The connective-tissue septa themselves contain

sinuses which occupy the space between their two surfaces (Fig-

1 66): these septal sinuses receive the contents of the cutaneous

lymph-vessels and forward their contents into lymph-vessels situated

in the septa. Such a sinus is shown in transverse section in Fig-.

1 66, which is a section of the ventral septum. The same sinus, in

plan, is seen in Fig". 167.

(i) The dorsal septum [Sepônm dorsale), (Fig-s. 169 and 171 d) of

each side commences at the tympanic membrane ; it is then attached

to the M. depressor maxillae, 31. infraspinatus, and M. longissimns

Fig. 167.

Transverse section of a seji-

tiim with the attached

skin, its contained sinus

injected with Wue injec-

tion mass.

// Skin.

.V Seiitum

.

.S Sinus contained in the

septum.

The sinus ahdominalis lateralis (Ecker) injected

with blue mass.

U Skin with its lymph-vessels.

S Sinus of the septum with lymph-vessels

opening into it.

s The septum cut parallel with the skin.

dorsi; and continued backwards over the M. obliqnus abdominis

externvs to the anterior end of the M. ghdaeus, whence it extends

along the iliac bone, where it is connected with the posterior

lymph-heart and the M. pyriformis, to the tip of the urostyle. At

the tip of the M. glutaeus it is joined by the iliac septum. The

posterior part of the septum is horizontal, and forms the roof of the

iliac lymph-sac.

(2) The ventral sei^tura {Septum abdominale), (Figs. 169, 170, and

171 a), commencing at the Symphysis p^ubis, runs forwards and out-

wards, on either side, along the outer border of the M. rectus abdom-

inis to the Portio abdominalis of the M. ptectoralis {p"'), where it is

attached, at a right angle, to the pectoral septum ; it then extends

forwards, after attachment to the axillary septum, to the outer



THE LYMPHATIC SYSTEM. 253

angles of the maxillary septum. At the root of the anterior ex-

tremity it divides to enclose the root of the limb, and so form the

axillary septum,

(3) The pectoral septum {Seiitum pectorale), (Figs, 170 and 17 17-*)

is attached to the superficial surface of the M. pectoralis [Porfio

sternalis, anterior and posterior) ; it runs transversely across the body,

and is attached at its outer end to the ventral and to the maxillary

septa. The septum passes obliquely backwards and downwards

to be attached to the skin, and so forms a very acute angle with

the M. cutaneus pectoris {cjj) : a vertical band of connective-tissue,

broad behind, narrow in front, extends in the middle line from the

septum to the body wall ; from it a certain amovmt of loose con-

nective-tissue extends in all directions, and forms open lymph-spaces

between the MM. cidanei pectorales and the vertical septum.

Fiff. 168.(4) The perineal septum {Bepdnm

perineale), (Fig. lyope). This me-

dian septum extends from the at-

tachment of the dorsal septum to the

tip of the urostyle, backwards to the

symphysis pubis, where it joins the

ventral septa. In its attachment

it follows the middle line of the

perineum.

(5) The maxillary septum (Sep-

tum maxillare), (Figs. 170, lyi/j/)

is attached by either extremity

to the dorsal septum, near the

tympanic membrane, is continued

downwards to unite with the

anterior end of the ventral septum, and then runs across the

anterior pectoral region, forming a curve with the convexity

forwards. It has inserted into it fibres of the 31. suhmaxillaris.

The septum is formed of very loose tissue, and frequently contains

deposits of fat; it encloses a well-marked septal sinus, the Sinus

thoracicus transversus (Ecker).

(6) The iliac septum (Figs. 169, 172 15, 173 S') is a septum

extending from the dorsal septum to the inguinal septum. It is

attached to the dorsal septum opposite the anterior end of the

M. glutaens, and extends outwards and downwards to the inguinal

Sinus thoracicus transversus (Ecker).

cp M. cutaneus pectoralis.

// Skin reflected forwards.

.V Sinus witli its afferent vessels.
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Fijî. 169 '.

septum. In it

the M. cutaneva

iliacus passes

from the trunk

to the skin.

(7) The ingui-

nal septum [La-

mina ingnhialis,

Ecker), (Figs.

169^ 171, the

dotted line near

172,i5j Fig-.

separates the

belly from the

thigh ; on the

ventral surface

it is attached to

the erroove which

The lymph-sacs of Rana
escuknta, seen from the

dorsal surface.

I Dorsal lymph-sac.

3 Lateral lymph-sac.

7 Brachio-radial lymph-

sac.

9 Femoral lymph-sac.

10 Suprafemoral lymph-

sac.

11 Interfemoral lymph-

sac.

12 Crural lymph-sac.

13 Dorsal lymph-sac of

the foot.

14 Plantar lymph-sac of

the foot.

15 Iliac lymph-sac.

(( Ventral septum.

(/ Dorsal sejitum.

/' Superior femoral sep-

tum.
/'"' Intermediate femoral

septum

.

i Inguinal septum.

.V Posterior brachial sep-

tum.
.v'" Anterior brachio-ra-

dial septum

.

V Vocal sac.

' In Figs. 168, 169, and 170 the dotted lines denote the boundaries of the various

lymph-sacs.
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forms the boundary between the belly and thigh; on the dorsal

surface it is more posterior^ and is attached to the dorsal surface of

the muscles of the thigh at some little distance from the trunk. It

completely surrounds the root of the hinder limb. It has attached

to it the .ventral, dorsal, and iliac septa, together with the septa

of the thigh.

b. The lymph-sacs.

(i) The dorsal lymph-sac (Saccns cranio-dorsa^is), (Figs. 169 and

171 i). This is a large lymph-sac, extending from the tip of the

snout to the tip of the urostyle ; it is bounded in front by the

attachment of the skin to the premaxillary bones ; the line of

attachment is continued, on either side, along the inner border of

ihe external nares, then forms a pouch towards the jaw and in front

of the eye, and nins backwards along the uj^per border of the orbit,

where it is attached to the upper eyelid, to the inner border of

the tympanic membrane. In this course the skin is firmly attached

to the underlying parts. The lateral boundary of the lymph-sac,

behind this point, is formed by the dorsal septum, which separates

it from the lateral lymph-sac.

(2) The ventral lymph-sac {Saccns abdowhia/i-s-), (Figs. 1 70, 1 71 2)

is triangular in form, with the base forwards at the breast, and the

apex behind at the pelvic symphysis ; it occvipies the space between

the skin below and the belly muscles and part of the 31. pectoralis

above. It is bounded anteriorly by the pectoral septum (p) and

laterally by the ventral septa («).

(3) The lateral lymph-sac [Saccns lateralis), (Figs. 169, 170, and

171 3) exists on either side ; below, the sac is bounded by the

ventral septum {a), above by the dorsal septum (r/), anteriorly by the

maxillary septum [m), and posteriorly by the inguinal septum (/) and

the wall of the iliac lymph-sac.

(4) The submaxillary lymph-sac (Saccns snhmaxillaris), (Figs.

170 and 171 4) is a space between the M. snhmaxillaris and the

skin; the sac is bounded behind by the maxillary septum, which

separates it from the pectoral lymph-sac, and more laterally from

the lateral lymph-sac. In front and at the sides the skin is firmly

attached to the margin of the mandible.

(5) The pectoral lymph-sac [Saccns flioracicns), (Figs. 170 and

171 5) lies between the submaxillary and ventral lymph-sacs. The
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Lyiiii>li-sa<;s

Ventral lyin)ili-s:w.

Lateral lyiupli-sac.

Suhm:ixill.iiy lyaiph-sac.

Thoraoio lyuiiili-s:u;.

Brachio-iilnar lymph-sac.

Anterior br;ichial lymph-

sac.

Femoral lymph-sac.

Interfemoral lymph-sac.

Crural lymph-sac.

Dorsal lymph-sac of the

foot. „

Plantar lymph-sac of the t0(

of Rana cscuknla, seen from the ventr

a Ventral septum. '"

a' Anterior division of ventral

septum. „ 2. ^ II

a" Posterior division of ventral p

septum.

cf Intermediatefemoral septum,
pe

en M. cutaneus pectoiis. i"

f" Inferior femoral septimi. »«^

i Inguinal septum.

i' Attachment of ingiunal
^^^

septum to skin

Maxillary septum.
^^^

Dt.

al surface.

Attachment of maxillary sep-

tum to skin.

Pectoral septum.

Port, abdom. of the M. i^ecto-

ralis.

Perineal septum.

M. rectus abdominis.

M rectus internus minor.

Anterior brachio-uhiar sep-

Anterior brachlal-radio sep-

tum. .

Muse, submaxillans.
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sac is bounded behind by the pectoral septum {p), and in fr
the maxillary septum (w).

257

ont by

(6) The iliac lymph
sac [Saccns Hiacifs),

(Fig-s. 171 and 172 15,

173) does not really be-

long to the subcutane-

ous lymph-sacs^ as it

does not lie directly un-

der the skin except by a
very narrow border. It

is bounded in front by
the iliac septum^ above
by the dorsal septum,

and posteriorly by the

inguinal septum. By
these boundaries a sjîace

is enclosed, which lies

under the dorsal septum
and dorsal sac, and at

the same time partly

under the lateral sac.

In this sac the M.
glutaeiis, the anterior

ends of the M. vastus

exteruus, M. rectus an-

terior, and M. cutanens

iliacus, lie free together

The lymph-sacs of Rana escuknta,
seen from the side.

1 Dorsal lymph-sac.
2 Ventral lymph-sac.

3 Lateral lymph-sac.

4 Submaxillary lymph-sac.

5 Pectoral lymph-sac.

9 Femoral lymph-sac.
10 Suprafemoral lymph-sac.
12 Crural lymph-sac.
IS Uiac lymph-sac.
a Ventral septum.
d Dorsal septum.
i Inguinal septum.
m Maxillary septum.
m' Attachment of SI. submaxil-

larLs to the skin.

7) Pectoral septum.
sm M. submaxillaris.
V Vocal sac.

Fig. 171.



258 THE VASCULAR SYSTEM.

Fig. 17:

with the hindmost part of the J\[. ohliqitiis ahdomhm extermis,

and the hinder portion of the posterior lymph-heart. Anteriorly

the floor is depressed between the M. ohliquvs abdominis and the

M. ghUaeus, the depression leading to a canal, which communicates

with the abdominal cavity.

B. The Lymph-sacs of the Anterior Extremity.

a. The septa.

(i) The axillary septum [Septiiui axiUare), (Fi^s. I'joa, a",

171) is practically a portion of the ventral septum, which divides

at the I'oot of the arm to enclose it. The dorsal and ventral por-

tions of this circular septum have received special names.

a. The dorsal axillary sej)tum

{Septum axillare dorsale) crosses the

M. triceps and joins the pectoral

septum.

/3. The ventral axillary septum

{Septuiii axil/are dorsale) passes

throug-h the axilla and joins the

pectoral septum.

The circular axillary septum has

attached to it the following :

—

(2) The posterior brachial sep-

tum (/SV^y /'///;/ hrachiale poslicinn (Fig.

169 tv); it is attached along the

middle line of the extensor surface of the arm (long head of the

M. tricejjs) to the elbow and to the forearm [M3I. anconaei), then passes

obliquely over the volar surface of the hand to the fourth finger.

(3) I'l^'^ anterior brachio-ulnar septum [Septum hrachiale anticnm

iilnare), (Fig. 1 70 /') commences at the same point as the foregoing^,

passes obliquely over the outer head of the M. triceps, and is con-

tinued over the M.jlexor antitjrachii lateralis, M. supinator longus, and
M. extensor digitorvm commnnis, to the dorsal surface of the fourth

finger.

(4) The anterior braehio-radial septum [Sepdum. hracliiale an-

ticum, radiale), (Fig. 170 s") passes from the outer angle of the wall

of the pectoral lymph-sac, over the inner head of the il/. triceps and

M. flexor carpi radialis to the thumb.

b. The lymph-sacs are enclosed by these three septa ; they are

four in number :

—

Transverse section through the trunk in tlie
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Fig- 173-

(i) The brachio-ulnar lymph-sac {Saccus bracliialls ulnaris),

(Fig-. 1 70 6) is situated between the first and second septa along- the

extensor and uhiar surfaces.

(2) The brachio-radial lymph-sac [Saccus

hrachiaUs rarrialis), (Fig-. 169 7) is placed

along- the extensor and radial surfaces.

(3) The anterior brachial lymph-sac

[Saccus hrachlaJis anticvs), (Fig*. 170 s) lies

on the flexor surface between the second

and third septa ; it is a long cavity and in-

terrapted by connective-tissue bands, in

which the tendon of the M. sterno-radialk

and the nerve and vessels are situated.

(4) The axillary lymph-sac {Saccus axil-

laris) corresponds to the iliac lymph-sac;

it is bounded by the divisions of the ventral

septum.

In the hand no large lymph-space exists
;

the skin is attached by numerous bands to

the underlying structures.

Dissection to show tlie lliau

lympli-sac.

(] M. glutaeus.

i.e. M. ilio-coccygexis.

m.c. M. cutaneus iliacus.

o M. obliq. abdora. externus,

)• M. rectus.

-Ç Doi-saJ septum.

<S' Iliac septum.

H'" Portion of dors;d septiim,

wliioli forms the roof of the

iliac lympli-sac.

V M. vastus externus.
* Aperture, by whicli [tlie iliac

lymph - sac communicates

witli the abdominal cavity.

C. The Lymph-sacs of the Hinder Ex-

tremity.

a. The septa.

(i) The superior femoral septum [Sep-

furnfémorale superi/is), (Figs. 1 69 and 1 75/')

is attached above to the ing-uinal septum

near the posterior lymph-heart; and is

continued, from this point, over the 31. vastus ejctermis and along

the M. triceps to the knee.

(2) The inferior femoral septum {Septvm fémorale inferius), (Fig-s,

170 and 175/") runs from the ing-uinal septum near the point

of insertion of the M. rectus afjdominis, along- the

il/, rectus iuternus minor to the knee.

(3) The intermediate femoral septum [Septum,

fémorale intermedium), (Figs. 169 and \']Sf") passes

from near the posterior lymph-heart over the

M. semimembranosus and the M. rectus internum minor
to join the inferior femoral septum.

s 2

Fig. 174.

Plan of attachments
of the inferioi fe-

moral, inguinal,

and perineal septa-
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H

(4) The tibio-femoral septum [Septum femoro-crurale) is a circular

band, separating" the lymph-sacs of the thigh from the leg" sac.

(5) The septa of the foot. At the ankle joint the skin is closely

attached all round to the underlying- parts. Along- the outer border

of the foot a septum is attached to the skin externally, and to the

underlying" parts, especially the M. ahductor longus digitl jmu/i,

internally. A similar but weaker band is attached along the outer

border of the foot, especially to the 31. adductor diglti quinti.

b. The lymph-sacs.

(i) The femoral lymph-sac [Sacctis femoralis), (Figs. 169, 170,

171, 175 9) covers the lower and outer surfaces of the thigh ; it is

bounded by the suj)erior femoral and

inferior femoral sej^ta, and in front

by the inguinal septum.

(2) The suprafemoral lymph-sac

[Saccus sujyrafemoralis), (Figs. 169,

171, 175 10) lies on the uj)per sur-

face of the thigh, between the

superior and intermediate femoral

septa ; above it is bounded by the

inguinal septum.

(3) The interfemoral lymph-sac

[Sacc7(s interfemoralis), (Figs. 169,

170, 175 11) is a narrow sac on the

inner svirface of the thigh, between

the inferior femoral septum and the

intermediate femoral septum. It

covers the M. rectus intérims minor,

and is interrupted by numerous bands of tissue which pass from the

surface of the muscle to the skin. It is, therefore, not a simple sac,

but a very wide-meshed trabecular struature of connective-tissue.

The sac is triang-ular in shape, with the base directed forwards at

the inguinal septum.

(4) The lymph-sac of the leg is a simple sac enclosing the

whole leg, bounded above by the tibio-femoral septum, and below by

the attachment of the skin to the ankle.

(5) The lymph-sacs of the foot. On the dorsum of the foot the

skin is free, and there is consequently a lymph-sac. On the plantar

surface the skin is attached by numerous connective-tissue bands

and thread-like tendons, particularly to the flexor tendons. The

Transverse section of the thigh

.

h M. biceps.

/' Superior femoral septum.
/•'' Inferior femoral septum.

f-' Intermediate femoral septum

.

H Skin.

rV M. rectus internus major.

ri'" M. rectus internus minor.

* M. Sartorius.

sm M. semimembranosus.

ve M. vastus externus.

9 Femoral lymph-sac.

10 Suprafemoral lymph-sac.

11 Interfemoi'al lymph-sac.
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skill ol" l.li(! (lorsîil ;i-ii(l |)I:iiii}j,r Hurfuces rneci on Uh; w<;l) ;iii(l

enclose a very ridi jiiiîistomosis of lymph-capillurios.

2. Tlic Lyinpli-llciiris.

'J1ic jVo^- lius two jmJfs of lyni[)li-li('aH,s, one pair nniciioi-, ilie

oilier posici'ior.

A. 1'li(! anterior lymph-hearts (l*'i{^". i7'^')- 'J'Iickc or<4;iiis li(!,

one on each sidt;, bcliind the })road tranHverse processes of the third

vertol)ra (Miillcsr, J*ani/,/a, Priestl((y), in a deep trianf^'ul;i,r H))ace

ionned ]>y the separation ol: th(! fihres of the Af. hdcTlranHvttrHarlaK,

b(!iw(!(!n the transverse processes ol" tlie third and fourth verte})rae.

J']aeh lieart is a rounded sae, sli^litly elon^^ated anteriorly where

V\'i. nc>.

Fig. 177.

,«ïl

Till! anterior lyiniili-lioaitM,

lyiiiiih-/, 'I'lio loft iinU;rii>r

lioart.

/.«. M. levator HcapuliUJ.

A' Uraoliial norvo.

t.f. M. trariMvorw) - Hcaimlarfj*

iriaior.

1-4 Vertebra» niiriiborod from
before ]>iu>kwnr<U.

The poHtorior Iyiri|ih-lieartn.

!/l M. gliitîWiiiM.

ic M. ilio-iM)e<:y^oiiK,

/, l'o«tcrior lyiiijili-lieart«.

p M. iiyriforiiiitf.

r M. reetiiM.

ve M. vimtiiH extornuH.

it is connected wilh the HuhKcapui;i,r vein. (1'he lie;ir<,K receive

lyni[)li from the anterior part, of the hody and the surrounding'

parts, and empty their contents into the vcrtehral vein. J*]ach of

these hearts is supplied hy a branch from the second spinal nerve

(Volkmann, Eckhard, Schiff, Priestley).]

H. 'J'he posterior lymph-hearts (V'l'^. lyy) are situated on either

side of the iirostyle in the triiin^^iilar sj)aees (MiilJer, l*ani/,/a,

Priestley), houiKhjd externally and ahove \>y the A/. f/lulacM,
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internally and above by the M. coccygeo-Uiacati, below and exter-

nally by the origin of the M. vastus externns, and below by the

M. pyrmnidalls. Each posterior heart is about two lines long and

one broad, with its long axis placed antero-posteriorly ; the outer

surface is uneven and appears to be unequally dilated. The lymph-

heart is closely attached to the surrounding parts, especially to

the fascia covering the M. ilii-coccygea, and posteriorly to the

M. levator aui and the M. pyramidalis. [The posterior lymph-hearts

receive lymph from the parts surrounding them, and from the

hinder extremities, and forward it into the V. lllaca connnunicaus.

The posterior lymph-hearts are each supplied by a branch from

the corresponding coccygeal nerve (Waldeyer) by its dorsal branch.

The lymph-hearts are also in close connection with the sympathetic

system (Waldeyer).]

PART IIL

THE BLOOD, LYMPH, AND HISTOLOGY OF

THE VESSELS.

[The parts described in this section will be considered very

briefly, and only from an anatomical point of view,

A. The blood ^

The blood varies in colour, according as it is obtained from an

artery or from a vein ; from an artery it has a bright red or scarlet

colour ; from a vein a darker shade : in the pulmonary vessels these

colours are reversed. The blood consists of a fluid plasma which

contains red and white corpuscles : the whole forming a slightly

alkaline, opaque, and somewhat sticky fluid.

a. The plasma or liquor santjuinis is a transparent, clear, slightly

yellow fluid, faintly alkaline in reaction.

^ Mr. Hurst has noticed a frog (R. teiiiporaria) iu which the blood was perfectly

colourless.
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b. The corpuscles are of two kinds, colourless and coloured.

(i) The colourless or white cor^iuscles are subspherical masses o£

jjrotoplasm, endowed with the power of spontaneous motion. They
are much fewer than the red cor2)uscles, thoug-h the proportion of

white to red varies consideraLly. Three chief varieties of colourless

corpuscles can be distinguished, all of which are true cell forms,

and behave like other cells with staining- or other reag'ents. They
have no cell-wall, but are simply nucleated masses of protoplasm.

These corpuscles possess the power of passing through the walls

of the blood-vessels, and are then known as mig-ratory cells ; such

migratory cells can be found in nearly all tissues, but more espe-

cially in the connective-tissues.

a. Ordinary large colourless corpuscles are large transparent

masses of protoplasm containing one or two nuclei, rarely three

or more. The cell contains few granules, and usually has one or

more vacuoles or clear sj^aces containing fluid.

j3. Granular corpuscles are less numerous than the foregoing-, but

larg-er, and are distinguished by the numerous large dark granules

which they contain. The processes such a corpuscle sends out are

hyaline.

y. Smaller corpuscles also occur varying much in form: they may
consist of a nucleus \\ith a very small amount of hyaline or granu-

lar protoplasm, or of se\'eral nuclei with an extremely small amount
of protoplasm.

(2) The coloured corpuscles are much more numerous than the

colourless corpuscles ; each is a bi-concave, oval disc, about

0-0255 ^^^1^^- i^^ length, and 0-017 ^^™- i^^ breadth (Gulliver)^

(R. temporaria, 0-0235 and 0-0145 mm. respectively). Each cor-

puscle possesses an oval nucleus (Hewson) ^, which projects into

either concave surface of the whole corpuscle. These corpuscles

do not possess the power of spontaneous movement; and have no

cell-wall. The corpuscles are of a reddish-yelloAv colour, and

give the blood its characteristic hue. The colouring- matter is

haemoglobin, and when separated it crystallizes in prisms (Preyer).

The corpuscles show a well-marked intracellular and intranuclear

network.]

^ Gulliver, Proc. Zool. Soc. London, 1845, Vol. XIII, p. 93 seq.

- Hewson, Phil. Trans. 1773, VoL LXIII, p. 310 seq.
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B. [The Lymph and Chyle.

The lymph is that i^ortion o£ the blood which has filtered from

the blood-vessels^ through the tissues, into the lymphatics. It is a

clear, transparent fluid, containing- colourless corpuscles, which agree

in all particulars with the colourless corpuscles of the blood. During

digestion the lymph from the alimentary canal contains particles of

fatty matter, and is then known as chyle.] The colourless cor-

puscles of the lymph frequently contain portions of red corpuscles

or granules of pigment. Non-nucleated masses of protoplasm and

decolourised red corpuscles (slightly diminished in size) have also

been described as occurring frequently in the lymph (Fuchs^).]

C. [Histological Remarks on the Vascular System.

a. The heart has already been described (pp. 316-222).

h. The blood-vessels present the same structure as the corre-

sponding vessels in higher animals. The arteries and veins have

each the three walls or layers usually described

—

Tunica adventifia,

Tunica media, and Tunica intima. The only characteristic to be men-

tioned is that the Tunica adveniitia contains branched, pigmented

corpuscles. The Nervi vasorum, especially of the smaller arteries,

are arranged in two plexuses, one in the Tunica adventitia (His) ^,

the second in the muscular coat (J. Arnold) ^. The fibres of both

plexuses are non-medullated, and have the usual beaded appearance
;

they communicate freely with each other. The capillaries present,

as a rule, the usual structure : such special arrangements of the

capillaries or peculiarities in structure as occur will be described

with the organs in which they are found.

c. The subcutaneous lymph-sacs are lined with a layer of

endothelium resembling the endocardium shown in Fig. 140; the

endothelial layer possesses stomata (see peritoneum), throug-h which

the lymph-sacs communicate with the underlying lymphatics. The

endothelium is continued on to the vessels, nerves, etc., which

course through the sacs, and excludes these from the cavities. As a

rule an artery, vein, and nerve are enclosed in a common sheath.

d. The lymph-hearts are small saccular bodies with thin trans-

parent walls, which contain obscurely striated muscle-fibres. The

vessels communicating with the hearts appear to possess valves

' Fuchs, Virchow's Arch. 1877, Vol. LXXI, p. 78 seq.

= His, Virchow's Arch. 1863, Vol. XXVIII, p. 427.
^ Arnold, in Strieker's Handbuch d. Gewebelehre, p. 137.
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(Miiller). The walls of the hearts are formed of three layers ; an

external^ compared by Waldeyer to an adventitia, a muscular layer,

and an endothelial lining". The muscular fibres form a close inter-

lacing- mass, the fibres being small, branched (Leydig"), and pos-

sessed of many nuclei. Among the muscular fibres are pigmented

corpuscles, together with medullated and non-medullated nerve-

fibres, but no ganglion-cells (Volkmann, Waldeyer, Priestley).

The adveiditia is a connective-tissue layer with many pigment

cells (Leydig, Hyrtl, Waldeyer).]
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THE ALIMENTARY TRACT, ETC.

I. THE ALIMENTARY TRACT.

The alimentary tract consists of the mouth or pharyngo-oral

cavity, the oesophagus, the stomach, the small intestine and the

large intestine ; these tog-ether forming a tube extending from the

mouth to the cloaca. From the commencement of the oesophagus,

at the entrance to the larynx, to the end of the cloaca, the length

of the tube is about 3 1 '5 cm., that of the various parts being :

From glottis to pylorus ^'^ cm.

From pylorus to large intestine 22'0 cm.

Large intestine to end of cloaca 4*0 cm.

Total length 31-5 cm.

A. The Mouth.

The mucous membrane covering the tongue will be described

with the sense-organs (see organ of taste).

a. General description. The movith of R. esciilenta, as in all

other amphibia, with the exception of the lowest [Siren, Proteus,

etc.), is of considerable width, and extends backwards as far as

the middle of the tympanic membrane. The upper margin of the

mouth possesses a lip or fold of the skin {SS^), which projects suffi-

ciently to prevent the teeth being seen from the front or from the

sides. This lip-like rim is most prominent in the premaxillary and

superior maxillary regions, but can be traced along the whole length

of the upper jaw, and on to the lower jaw, by means of a well-

marked fold at the angle of the mouth. Beyond this point the lip

is absent, as the skin is closely attached to the bony mandible.

On the roof of the mouth the following structures can be made
T 2
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Fig. 178.

F'« pi

out : immediately within the lip is a deep, well-marked groove, the

outer boundary formed by the lip, the inner by a fold of the mucous

membrane (Fig. 178 /); this fold increases from behind forwards

as far as the premaxillary bones, where it forms two prominences

[F^, F^) with an interval between. These correspond to the

palatine processes of the premaxillary bones : immediately behind

them are openings of the dvicts of the intermaxillary glands.

In the groove so foimed are

placed a single row of simple

teeth, which, though subject to

many variations, are usually

about fifty in number.

A little further back and to

either side of the median line

is a small group of vomerine

teeth ( J'o) ; each group has from

live to ten teeth; external to

these is on each side a trans-

versely-placed oval opening, the

posterior nares [Clio). These

apertures are directed outwards

and backwards into a shal-

low groove, bounded anteriorly

by a fold of mucous mem-
brane.

According to Wiedersheim the

mucoiTs membrane immediately

around the vomerine teeth is

the epithelium surrounding these being

Cho

ID
F

The roof of the mouth.

Posterior naris.

Opening of intermaxillary glands

Fold of mucous membrane.
i^i, i^i Prominences of mucous membrane
K
O
S
.SI

T
Vo

Muscles.

Floor of the orbit.

Lip.

Lip.

Eustachian tubes.

Vomer.

supplied with taste-bulbs

non-ciliated.

The roof of the mouth iinderneath the parasphenoid is somewhat

vaulted and on either side depressed by the eyeballs, which project

downwards more or less prominently (0, 0). Still further back

are the openings of the Eustachian tubes (Fig. 178 T), one on

each side, and almost surrounded by the limbs of the pterygoid

bones.

On the floor of the mouth (Fig. 179) the tongue [Z, Z'^) forms

the most prominent object ; its shape varying according to the state

of contraction of its muscles. Behind it, in the middle line, is a

transverse groove [\), corresponding* to the posterior border of the

hyoid bone, and still further back is the oj)ening to the larynx [L),
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a longitudinal slit about 3 mm. in length. The mucous mem-
brane to either side of the tongue is only slightly folded, and

a little in front of the angle of the mouth is depressed into

an aperture (-6'), opening into the vocal sac. This opening is sui--

rounded by small radiating* folds of mucous membrane, and is oval

in shape.

Towards the oesophagus the nui-
-picr. lyq.

cous membrane of both the roof cam
and the floor of the mouth is thrown ^^Hk».

into numerous longitudinal folds. /^/^\\

b. The minute structure of the ^~ff / ""'^.aV'i v\

several parts. /L ['v'"*-*/'! i*^

(1) The mucous mieinbrane of MW j '^'>^^^^\^^
the mouth. At the junction of the M /^,^^'~''N!% '^%k- k

skin and the mucous membrane ^' ) c/^ '^^^ pA /
there is a gradual transition from V whyi- Js^Èj..

the stratified epithelium of the . ) \ ^'mi/jiJ
skin to a sing'le layer of eolum- KyvûSxî^'vi-iJ

nar epithelium. On the floor The floor of the mouth.

of the mouth this condition is k Muscles,11, ;i, ji L Opening to larvnx.
reached at tlie tongue ; on the ^ Mandiwe.

roof the transition takes place ''^ Opening to voice-sac (in males only)
^ Sin Chin.

more quickly. The columnar z Tongne.
• jt t p ,, . I /,•. , p Zl Left cornu of bifid tongue.

epithelium Ot the mouth (that Ot
t Folds opposite hinder border of the

the tongue is excluded from this \^yo\A.

description) is ciliated ; scattered cells, which are not ciliated, are

found here and there irregularly, but are not numerous. The

cylindrical cells are very finely granular in their upper parts,

clearer in the middle portion, more coarsely and darkly granular in

their deeper portions; each cell is possessed of a large, well-defined,

oval nucleus, which contains one or sometimes two nucleoli. The

non-ciliated cells usually present a sharply differentiated, structure-

less, hyaline, free border (Schultze). The epithelium towards the

margin of the mouth, where it is stratified, is also ciliated.

Goblet-cells occur in every part of the epithelium, whether cili-

ated or non-ciliated, and their forms vary very greatly.

[The submucous layer is a fibrous connective-tissue matrix,

very rich in nerves and blood-vessels. The capillaries are arranged

in small, somewhat polygonal meshes (Fig. iHo), and are peculiar,

with those of the anterior part of the oesophagus, in having- small
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dilatations. This arrang-ement was first ^ desra-ibed by Lang-er, and

later by Schobl. The dilatations are placed quite irregularly on the

capillaries^ sometimes only on one side, sometimes on both sides of

the vessel ; a slight constriction occurs at the neck of each dilatation,

where it opens into the capillary -. The nerves of the mucous

membrane underneath the orbits have nerve-cells attached to them

(Stirling- and Macdonald, pag-e 170). The lymphatics are very

numerous^ and for the most part follow the course of the blood-

vessels to their finest twigs, beyond which they follow an indepen-

dent course (Langer).]

(2) The teeth are wanting in the lower jaw ; on the roof of the

mouth they are found in two situations : as a single row in the

g-roove within the lip, and a group on each vomer. Each tooth

has the form of an elongated cone, which in the case of the

jaw-teeth is curved, in that of the vomerine teeth straight. The

teeth are fixed to the jaw so as to project upwards and slig-htly in-

wardsj those at the front of the mouth projecting backwards, and

those on the vomers project backwards. Each tooth has a small,

sharp projection^ or secondary crown on its outer surface (Fig-. 181),

placed near the mucous membrane. The teeth are fixed to the

bones by means of Crusta jietrosa, which is again united to the bones

of the mandible by a matrix of spongy bone, continuous for the

several teeth. Between the tooth and the mucous membrane is a

layer of flattened epithelium (//), which extends more deeply on the

inner side of the tooth than on the outer ; the layer is continuons

with the epithelium of the mouth, and is two to three cells in

thickness. Each tooth has fine longitudinal grooves on the basal

part of its outer surface^ and consists of two parts, a crown and

a root. The teeth possess large cavities, the wall being thin and

almost of even thickness, except on the inner surface of the basal

portion of the root^ where the wall is wanting-, and so forms a

large aperture to the root.

The general skeleton of the tooth is formed of dentine, this is

covered on the crown by a layer of enamel, and the Cuticnla denll^

on the socket by a layer of Crvsia pefrom.

' Beale, Phil. Trans., 1S63, p. 153, shows dilatations in his drawing, but makes no

reference to them in the text.

* The vascular supply of the mucous membrane of the dorsal surface of the mouth

and oesophagus is shown (after Schobl) in Plate II, Fig. iSo, I. Arteries red, veins

blue. II. in the same figure represents the dilatations on the capillaries ; after

Schobl.
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a. The dentine is a liomog-eneous substance pierced by numerous
tubules [I)), which arise at the j)ulp-eavity and course in a parallel

direction to the surface of the

dentine, where they form a

rich network with irregular,

interg'lomerular sj)aces. The
inner surface of the dentine

is roug-h, through the presence

of numerous small, dark

tubercles,

/3. The enamel covers the

dentine on the apical portion

of the tooth. It has tubes

coursing through it, which are

continuous with those of the

dentine, and jDresents also

circumferential striations (Fig*.

i8i III).

y. The tooth cuticle [Catl-

cula dentis) is colourless and

covers the enamel. It is

highly refractive, very trans-

parent, and very resistant to

chemical reagents. From the

apex, towards the Cnis/a

jjeirosa, it thins very rapidly,

but is continued sufficiently

far to cover a portion of the

Crusta petrosa.

Ô. The Crusfa pefrosa resembles bone, except that it contains no

Haversian canals ; it possesses cells which resemble bone corpuscles,

and are usually somewhat rounded or oval and communicate with

each other by their processes ; for the most part it is homogeneous

and free from cells (Hertwig).

e. The pulp-cavity contains a connective-tissue very rich in

cellular elements ; those cells adjacent to the dentine are arranged

in a layer [Membraiia ehoris) which has somewhat the appearance of

a layer of epitheliiun. The cells (odontoblasts) of this layer are

spindle-shaped, and send processes (dentinal fibres) into the dentinal

tubules. A small blood-vessel can be traced into each cavity, but

as yet no nerve has been found in the pulp-cavities.

II

I. Transvex'se section uf the premaxillaiy bnue to

show attachment of the teeth ; after Hertwig.

Magnified 22 times.

Dentine and enamel ; after Hertwig. Magnified

500 times.

Enamel : after Hertwig. Magnified 500 time.s.

A Blood-vessel of the pulp-cavity.

Crusta petrosa.

Dentine.

Processvis dentalis.

Layer of epithelium.

Tooth cuticle.

Reserve.

Enamel.
Cutaneous glands.
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[Smith (/. c.) Lias^ after careful investigation, come to the

conclusion that the teeth of M. escnienta and R. feniporaria are

practically alike, therefore the methods of differentiating the two

species by means of the teeth, as given by Leydig, are not to be

relied on.]

(3) The intermaxillary glands [Glandula ititermaxillaris) consist

of a mass of convoluted tubes, lying chiefly between the pre-

maxillary bones and the capsule of the nose, and opening by about

twenty to twenty-five ducts at the fore-part of the mouth (Fig.

178 IB). A portion of the glands extends high into the nasal

cavity (Born), while dorsally another portion lies under the skin

and the M. dilatator and M. lateralis narivin, wdiich together act as

compressors to the subjacent glands : a small, elastic, cartilaginous

rod, placed between the anterior margin of the nasal capsule and

the under surface of the ascending limb of the premaxilla, opposes

these muscles on either side by its spring-like action (Wiedersheim).

In a fresh skull the openings of the ducts can easily be seen

after washing away the mucous secretion ; they are, how^ever, seen

to better advantage by treatment with Miiller's fluid and subsequent

staining with carmine. With sufficient magnifying power, they

are then seen as a row of bright dots. The tubules are of uniform

thickness, placed closely side by side, and surrounded by a nervous

plexus, which contains numerous branching nerve-cells. The epi-

thelium of the tubules is cylindrical, with a rounded, finely granular

nucleus; processes from the peripheral ends of the cells are con-

tinued to a Memhrana propria. The ducts are lined with columnar,

ciliated epithelium.

The secretion of the glands is remarkably adhesive, and is wiped

off by the tongue when it is projected ; by this means the tongue

becomes a particularly efficacious instrument for capturing prey.

The glands are, both histologically and chemically, pure mucous

glands. In urodeles the homologous glands are placed in the hollow

septum of the nose, between the nasal cavities.

(4) The tongue (Figs. 179, 182, 183) is a broad, fleshy flap on

the floor of the mouth, to which it is attached by the anterior half

of its ventral surface as far forwards as the chin. Seen from above

it has a wedge-like form, being narrow in front and wider behind,

where it is prolonged at each angle to form two cornua.

By raising the tongue one obtains a view of a portion of the
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M. hijoglossKS. The two M2I. hyoglossi arise (see page 66) some

distance apart^ and run forwards and towards each other to meet

on the ventral surface of the hyoid bone ; they now assume a lon-

gitudinal direction, and course forwards parallel to each other until

they reach the M. (jenio-glossus (Fig. 182 C). Each muscle now

divides to form coarse bundles, which ascend on either side of the

M. genio-glossus towards the dor-

sum of the tongue. In this course

they are encircled by a strong,

elastic, connective-tissue sheath.

The sheath is incomplete at the

hinder end of the J/, gemo-glossvx,

where it possesses rounded aper-

tures, through which the glosso-

pharyngeal nerves [N, N) disap-

pear, to be distributed, after a

sharp curve backwards, in the

substance of the organ.

The M. genio-glossus arises, in

two parts on either side, at the

side of the chin. One part (Fig.

182 C) is dorsal and median, the

other (Fig. 182 G"^) ventral and

external.

The first part, with its felloAV

of the opposite side, forms an

arched commissure in the form of

muscular rings, which decrease in

size from before backwards, and so form a pear-shaped mass : the

second, external portion, extends backwards, with a slight obliquity,

as a thin, fan-like expansion, to the mucous membrane, where it is

inserted. This arrangement can easily be seen after dissecting

away the sheath (Fig. 1 83 H?/) ; the hindermost fibres curve sharply

into the tongue {Hi/^) ; the anterior fibres pass obliquely forwards

and blend with the straight fibres of the dorsal portion of the

M. genio-gJossns (Fig. 183 Gg). The arcuate fibres of the J/, genio-

glossus pass, for the most part, uj)wards and outwards to the tips of

the posterior bifid border of the tongue ; in this course they lie as

a rale above the M. Jn/oglossns, but here and there the two muscles

intermix (Fig. 183 Gg^), and it is by no means easy to separate

them.

Muscles of the tnngrie, seen from tlie ventral

siiiface.

G
Gi

//

H'l

L
M
N

Median portion of M. genio-glossiis.

Lateral portion of M. genio-glossus.

Hyoid.

M. hyoglossus.

Ijarynx.

Mandible.

Glossopharyngeal nerve.
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Fig. 183.

G

Muscles of the tongue, from the ventral

sui'face.

G M. genio-^lossus.

Gj} Straight fibres of the AI. genio-glossus.

G//1 Curved fibres of the M. genio-glossus.

Hy and ////i M. hyoglossus,

Z Borders of the tongue.

The M. hyoglossus is the retractor

of the toiigaie, the M. fjenio-ytossiis

the protractor.

(For mucous membrane of the

tong'ue, see organ of taste. The

vocal sacs are described with the

organs of voice and respiration.)

B. The Oesophagus and Stomach

(Figs. 184, 185, 189, 194, 195,

199).

a. General description. The

oesophagus is not sej)arated from the

pharyngo-oral cavity by a sharp line

of demarcation. It has a length of

only a few mm. in medium-sized

frogs (Fig. 184 Ot), and lies in the

middle line of the body, supported

on either side by the cornua of the

hyoid bone. The oesophagus lies on

the dorsal wall of the larynx, is smooth externally, and is thrown

into well-marked longitudinal folds internally.

The transition from oesophagus to stomach is somewhat indefi-

nitely marked by a slight dilatation of the tube, often scarcely per-

ceptible, still it can always be recognized by an abrupt curvature to

the left (Fig. 184 M), which becomes more prominent when the

stomach is distended. Externally the stomach is seen as an elon-

gated, slightly curved cone, smooth externally and of equal diameter

throug'hout.

The oesophagus and stomach are held in position by folds of

peritoneum (mesentery), which attaches them to the dorsal wall of

the abdominal cavity, to the lungs, pericardium, and liver ; and by

the blood-vessels.

b. Minute structure. The walls of these viscera are composed

of four layers or coats.

(i) The serous coat (Fig. 186) is a layer of endothelium, Ijàng

on a very thin stratum of connective-tissue; the whole derived

from the peritoneum, which encloses the organs.

(2) The muscular coat (Fig. 186 LM and TM) is arranged in



THE ALIMENTAEY TRACT. 283

two layers, one {LM) longitu- Pig^ jg-

dinal, the other [TM) trans-

verse. The longitudinal layer

is thicker in the oesophagus,

and thins as it is continued to

the pyloric end of the stomach.

The circular layer, on the other

hand, gains in thickness ; hoth

layers are of unstriated mus-

cular fibre.

(3) The submucous coat

(Fig. i^6 A, B, and S2l) is

better developed in the stomach

than in any other part of the

alimentary canal. It is formed

of a wide-meshed, loose con-

nective-tissue, which supports

numerous blood-vessels and

lymphatics. Towards the

mucous coat it possesses a

well-differentiated Bluscularis

)iiucosa, which is arranged in

two layers, a longitudinal [B)

and a transverse [A).

(4) The mucous coat is pos-

sessed of numerous tubular

glands, which vary in. structure

according to the part of the

membrane examined. They
have been the subject of much
investigation (Heidenhain,

Nussbaum, Partsch, Langley,

and others), and are best de-

scribed in three groups : those

of the oesophagus, of the first

part of the stomach, and of

the pyloric end of the stomach respectively; between each pair of

groups are transitional forms.

a. [The oesophageal glands are complete tubular glands lined

by a single layer of epithelium_, which very closely resemble the
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glandular cells of the fundus of the stomach (Plate II, Fig-. 187).

The cells are conical or cylindrical, the protoplasmic contents

Fig. 185.

The abdominal vLsueva of Rana csciikntn (female).

D Small intestine.

Dit Duodenum.
JiE Ovaries.

// Heart.

HB Urinary bladder.

L Left lobe of liver.

il Rightlobe of liver.

L- Middle lobe of liver.

Lfi Left lung.

Z.17I Right lung.

M Stomach.

granular, the granules being larger than those of the corresponding

cells in the stomach (Langley). Mucous cells are found among

the true secretory cells. Tlie cells of the ducts arc sometimes,

but rarely, ciliated (Langley).]
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/3. [The glauds of the fundus of the stomach ^ are not so complex

as the typical glands of the oesophagus. The cells at the mouth

of the gland are continued ^. „,
Fis:. i86.

into fine processes (Fig. 187),

and their outer parts contain

mucigen. The cells of the

neck of the gland are more

cubical
J

and towards the

lower part of the neck are

mucous cells. The cells of

the body of tlie gland are of

irregular shape^ and so placed

that the nucleus of one cell

faces the junction of two

cells on the opposite side

(Lang'ley). These cells are

very finely granular.]

y. [The glands of the py-

loric end of the stomach have

been compared with the

mouths and necks of the

glands of the fundus (Partsch,

Langley). The cells are of

two kinds only (Fig*. 188).

The cylindrical cells of the

surface of the stomach are

continued into the gland

where they become shorter

and sub-cubical; these form

the greater part of the

gland. The cells at the

deepest portion of the gland are more rounded^ and resemble the

mucous cells in the neck of the glands of the fundus.]

Ô. [Between these well-marked groups of glands are various

transitional forms. The transition from oesophageal to gastric

glands is not a continuous one^ as glands resembling those of the

stomach can be found nearer the oesophagus than other glands, which

' A transverse section through the mucous membrane of the fundus of the stomach

of Eana esculenta is shown in Plate II, Fig. 187. Alcohol preparation, doubly

stained with carmine and anilin blue. After Biedermann. (Obj. II, Syst. 7,

Hartnack.^/

TM LM
fransverse section through one of the loiigitudina

folds of stomach of Uana temporaria. To slui»

genei'al arrangement of the walls.—G. H.

A Transverse layer of musoularis mucosae.

B Longitudinal layer of nniscularis mucosae.

LM Longitudinal muscular coat.

31 Mucous membrane.
S3Ï Submucous coat.

TM Transverse muscular coat.
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Transverse section through the
mucous membrane of the
pyloric end of the stomach
of liana esculenta. After
Partsch. (Obj. II, Syst. 7,

Hartnack.
)

more nearly resemble oesophageal g-lands. At the same point the

mucous membrane is thinner than either in front or behind. In

the same way an intermediate zone exists

between the typical g-lands of the fundus

and pylorus of the stomach.]

In both oesophagus and stomach the

mucous membrane is thrown into longi-

tudinal folds when the organs are empty.

The epithelium of the surface of the

oesophagus is mostly ciliated, and possesses

numerous goblet cells; according to Klein

the cells are not set vertically on the sub-

jacent submucosa, but obliquely.

[The epithelium of the surface of the

stomach is, at least in part, ciliated (Re-

geczy, Trinkler, and others), and has nu-

merous goblet-cells (Schultze, Heidenhain,

Bleyer, Eimer, Oedmonson, and others).]

(5) [The nerves of these organs, accord-

ing to Gonjaew, contain both medullated and non-medullated fibres,

which have nerve-cells attached to them. From these fine branches

pass, either with the blood-vessels or alone, to the mucous coat,

losing their medulla on the way. In this course they inosculate

very freely, and are then distributed as very fine, beaded fibrils tt)

the g-lands and epithelium, which are very richly supplied.]

(6) [The blood-vessels and lymphatics very closely resemble the

corresponding structures in the small intestine (p. 290) ; the blood-

vessels form a rich anastomosis in the submucous membrane; the

lymphatics are arranged in two systems, one under the serous coat,

and a larger system in the mucous and submucous coats. The

oesophagus lies free in a peri-oesophageal lymph-sac (Robinson).]

C. The Small Intestine.

a. General description. The small intestine commences behind

the middle of the abdomen at the pyloric end of the stomach, from

which it is marked off by a slight constriction. The first portion

of the small intestine is the duodenum (Figs. 1 84 and 1 94 Z'm) ; by

means of an abrupt turn it winds directly forwards, parallel to the

long axis of the stomach ; the pancreas is placed in the Ioojd so

formed.

The whole of this portion of the intestine, together with the
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greater part of the stomach, is, in the normal condition, under cover

of the liver (Fig-s. 185, 194): while under the liver the intestine

is firmly attached to the deep surface of that org-an by a short

but strong" Ligamentum hepato-chiodenale
-,

it then turns suddenly

backwards, increases in size, and by means of numerous convo-

lutions occupies a considerable portion of the right half of the

abdomen (Fig*. 1 84 If). It is held in position by a well-developed

mesentery.

b. Minute structure. Like other portions of the alimentary

canal, the small intestine is formed of four layers :

—

( I ) The serous coat presents no peculiarities ; it consists simply

of a layer of endothelial cells, with a small amount of sub-endothe-

lial connective-tissue.

(2) The muscular coat is in two layers, the outer longitudinal

layer being* very thin, the inner circular layer thick.

(3) The submucous layer resembles that of the stomach, but is

not so thick ; the mmcularis mucosae is well developed and arranged,

as in the stomach, in two layers.

(4) The mucous coat (Fig-. 1 89) is thrown into folds, which differ

in various parts of the tube.

The longitudinal folds of the stomach are compressed tog-ether

towards the pyloric end of the stomach {a) and diminish in size; at

the commencement of the duodenum they end abruptly {a\), but

without any indication of a valvular arrang"ement.

Immediately beyond the pylorus the mucous membrane is folded

so as to form an irregular network of folds which inclose irregular

alveoli ; the folds are thicker on the concave surface of the duo-

denum, and form a longitudinal ridge {IÎ); in this ridge the

alveolar spaces are much smaller than those to either side. The

irregular folding extends through two to three cm., when a more

regular arrang-ement commences in the form of two adjacent series

of transverse folds {c, c^\ Each fold is semi-lunar in shape, with

the convexity attached to the wall of the tube and directed forwards,

while the concave free border and pocket-like space enclosed are

directed backwards.

The arrangement of these folds reminds one of the semi-lunar

valves of the human heart, and probably one of their functions is

to prevent the regurgitation of the chyme (Wiedersheim).

The correspondmg valves of opposite sides meet at each end at

an angle, the apex of which is directed away from the stomach. On
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these folds and between them are smaller,

secondary folds, partly irregularly arranged,

partly longitvidinal [d d).

Towards the middle of the small intestine

this valvular arrangement is lost, to be replaced

by an irregular net-like folding ; beyond this

longitudinal folds arise, which proceed in a

sinuous course towards the large intestine.

The whole mucous membrane, both on the

folds and otherwise, is covered with a simple

layer of columnar epithelium, which is con-

tinued into numerous simple follicles (glands

of Lieberkiihn) found throughout the mucous

membrane of the small intestine. The cells

are placed on a basement membrane, which

rests on a thin layer of loose connective-tissue,

intervening betAveen the epithelial coat and

the muse/dan's mucosae. The ejiithelial cells

are intermixed with a large number of goblet-

cells, and have between them fine processes

from the connective-tissue corpuscles of the

subjacent layer; many of these processes

extend to or even l)eyond the free margin of

the epithelial cells.

The individual cells are columnar, possessed

of a well-marked cell-wall, and have distinct, large, oval nuclei,

containing one or more nucleoli. The protoplasmic contents are

granular, and with proper treatment show a very distinct intra-

cellular network. The free margins of the cells are sharply marked

off from the cell-contents, and are more firmly attached to the cor-

responding portions of adjacent cells than the rest of the cell-wall.

This margin has a longitudinal striation, which owdng to the im-

portant function performed by this part of the intestine, namely,

absorption of the fat, has been the subject of many important

investigations.

[In the following brief summary of the earlier researches on the minute structure

of the intestinal epithelium, in which the intestine of the frog was chiefly used, the

memoirs in which these investigations are recorded are referred to in the order of

time.

1837. Henle first described the border as a thickened, highly refractive portion

of the cell-wall.

18.^5. Kolliker and Funke, after independent research, described the longitudinal

Mucous membrane of the

pyloric end of tlie stomach

and the duodenum.

% Mucous membrane of

the stomach.
7I Commencement of

duodenum.
h Duodenal mucous

membrane arranged

in irregular net-

work.
( 1 Semi-lunar folds of the

I'l / mucous membrane.
(/ Longitudinal folds of

the mucous mem-
brane.
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striation : Funke offered no explanation of the fact, while KoUiker considered it due to

the presence of fine tubules. Later Funke gave a modified support to Kiilliker s view

by admitting the presence of tubules around the circumferential part of the border.

1S56. Bonders gave a description corresponding with that of Henle.

1857. Brettauer and Steinach gave it as the result of their investigations that the

border was composed of closely-applied fine rods : v. Wittich first showed tha,t the

borders of adjacent cells were more firmly attached than the rest of the cell ; he

admitted the presence of apertures, but considered the whole appearance to be due

to post-mortem changes.

Welcker and Friedreich agreed with the views of Brettauer and Steinf.ch, but

traced the striation throughout the length of the cells, in fact traced the tubules to

the connective-tissue below.

1858. In this year Heidenlip.in published his results; he held the striation to be

due to the presence of fine rods, and was the first to show that processes of the con-

nective-tissue corpuscles passed up between the epithelial cells; he found fat globules

in the epithelial cells, in the connective-tissue, and in the lacteals.

Friedreich described the striation as continued through the whole length of the

cells, and as due to tubules.

1 859. Lambl denied the presence of the rods, and considered the whole phenomenon
an optical appearance due to the cell-wall ; in this view he was supported by Vlako-

vich of Padua and Aniici of Florence.

i860. Wiegandt held the border to be an independent covering, and the striation

to be due to folding or wrinkling.

Col. Ealogh described the border as formed of rods, but denied that these existed

except when brought about by the action of fats ; in support of this view he showed
that the striation was wanting when fat was absent.

1865. Lipsky held the border to be composed of rods.

1866. Henle described the cells as in his former work, but now held the border

to be composed of rods, in fact to represent a ciliated border.

1867. Erdmann described the border as being of two layers, an upper, thicker

layer, with both longitudinal and transverse striation, and a lower, thinner layer,

the true cell-wall. The upper layer he described as capable of splitting in the di-

rections of both striations.

Schultze described the border as not being in intimate connection with the proto-

plasm of the ceU. Arnstein and Wiegpaidt supported Heidenhain's description.

1868. Albini e Eenzoni described the part as resembling resting cilia.

1869. Eimer traced fat-globules into all the parts, ejiiithelium, connective-tissue, and

vessels ; and held that the fat could pass from a lacteal to a branch of the Vena porta.

1870. Heidenhain, after further investigation, supported his earlier views.

1874. Thanhoffer described the membrane as perforated, and the protoplasm of the

cells as actively sending protoplasmic processes through these apertures ; this he had

seen in frogs in which all connection with the spinal nerves had been severed.

1875. Benjamins could not find the striation to be a constant occurrence, and failed

to find the processes described by Thanhofiier.

1876. Krause found rod-like bodies round the margin of the border.

1877. Fortunatow supported Thanofl'er's view.

1881. Landois observed appearances in Spelerpes fuscus, which led him to sup-

port Thanoffer's views.

1883. Wiedersheim supported Thanhoffer's views.

1884. Wiemer supported Thanhoffer's observations.

1885. Paneth failed to find any contractile protoplasmic processes, and asserts that

the circumference of the border, when examined under certain conditions, is com-

posed of rods.

From the same causes the goblet- or chalice-cells, already mentioned, have been

the subject of much speculation and investigation.

1846. Frerichs drew and described these cells as empty cells.

In 1848 these cells were first described as epithelium capitatum by Gruby and

Delafond.

U
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In 1856 Donders described the cells as being open, and as discharging their contents
into the canal ; the cell-walls being then pressed together by the neighbouring cells,

and the cell-contents being then gradually reformed.
In the same year Kiilliker published results closely agreeing with those of Donders,

and he traced the various stages of the process.

1857. Brettauer and Steinach held them to be cells which had lost their contents,
and as the ' cuticular border' was absent, concluded that the cell-contents were in
closer connection with the ' border ' than with the rest of the cell-wall.

1865. Lipsky and Sachs both doubted the presence of such cells, and considered
them due to the action of reagents or post-mortem change.

1866. Letzerich described the cells as open, and regarded them as the commencement
of the lacteal system, while Donitz thought the whole appearance due to reagents.

1867. Schultze and Eimer, independently, described them as unicellular glands.
Erdmann, however, again denied their occurrence under normal conditions.

Oeffinger held the goblet-cells to be modified ordinary cylindrical epithelium cells
;

in which view he was supported by Arnstein.
1868. Schultze and Eimer, after renewed investigations, reiterated their former

opinions.

1869. Eimer described the goblet-cells as secreting mucin, and as capable, by
division, of throwing out pus-like cells.

1876. Krause described the cells as containing granular contents, which under
certain conditions are thrown out.

1877. Tolldt considered them artificial productions. Edinger asserted that they are
formed from the cylindrical cells.

1S77-1885. Partsch (1S77), Klein and Heboid (1879), Stohr (1880). Patzelt (1882),
Haller (1883), Holl (1885), support the last view.

1S78. Hoffmann supported Schultze's views.

1886. List describes these organs as unicellular mucous glands.

1887. Paneth described them as secreting mucous and as being derived from the
cylindrical cells.]

(5) [The blood-vessels of the small intestine (p. 234) have been

described by Lang-er ; he finds the vessels arrang-ed in networks,

one a subserous network^ placed underneath the serous coat, and

formed of elongated, irregular, four-cornered meshes. When the

intestine is distended the meshes are rectangular.

The vessels to the mucous membrane divide and anastomose very

freely in the submucous laver, and then form an irregular network

on the inner surface of the j\l.MSC'ii/ans nnico-'ia ; this network follows

all the foldings of the mucous membrane, and thereby supplies a

double layer to each villous fold of the mucous membrane. The
meshes are usually four-sided or five-sided.]

(6) [The lymphatics of the .small intestine (Figs. 190, 191). The
lymphatic vessels on reaching the intestine usually bifurcate ; the

two branches, as a rule, follow and enclose an arterial twig. From
the serous layer they receive the contents of a ver}^ fine lymphatic

plexus, the lumens of which are slightly greater than that of the

corresponding capillaries ; from the mucous layer they receive the

contents of the lacteals : between these two layers the lymphatics

anastomose very freely by means of numerous branches (Langer).

The lacteals are lined with an epithelioid layer and traversed by
connective-tissue trabeculae, which have a like covering-. The
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Isolated fold of mucous membrane of small intestine

of Rana lemjioraria ; after Langer. Forty times

natural size. Blood-vesseLs striped, lacteals shaded.

lacteals are not simple but in the form o£ a coarse network (Fig.

189), (Langer).]

(7) [The nerves of tlie Fig. 190.

small intestine (p. 200) usu-

al ly follow the arteries to

the muscular coats, between

which they form a plexus

(Auerbach's plexus) ; from

this numerous twigs are

given off, which coiirse alone

or in company with vessels

to the mucous coat, where

a second plexus (Meissner^s

plexus) is formed. Auerbach's

plexiis, according to Klein, consists of bands of nervous fibrils in

endothelial sheaths ; they branch and inosculate, and thus form a

plexus. Where several such branches

meet, a more or less complicated decus-

sation of the bands of fibres takes place.

Along these nervous bands are ganglion

cells, either isolated or in groups. The

cells are large, generally spherical, and

contain a sharply outlined nucleus with

a single or double nucleolus. The

smaller cells generally appear to possess

only one process, which can be traced

from the protoplasm of the cell between

the fibrils of the nerve-trunk. The

larger cells are distinctly multipolar,

their protoplasm being provided with a

number of fine processes, or, as is

oftener the case, with one large and

several small processes. In many in-

stances Klein was able to distinguish

around the ganglion -cells a capsule of

a spherical or ovoid shape. In these

cases the body, as well as the processes

of the ganglion-cell, were lying within

the capsule. This system of ganglion-

cells is in connection with the individual

bimdles witliin the nerve-trunks.

r 2

C
Transverse section of a fold of the

mucous ^lembrane of Rana Utnpo-

raria ; after Langer. Sixty times

natural size.

A Lacteals with transverse trabe-

culae.

B Circular muscular layer.

C I;ongitudinal muscular layer_

Blood-vessels striped.
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Fig. 192.

^ A

Klein describes a second system of g-ang-lion-cells, situated in

meshes^ whicli are formed by the nerve-trunks of the plexus itself.

These ganglion-cells are much larg-er than the former^ and are

multipolar; their protoj^lasm, which is distinctly fibrillar^ with

g-ranules between the fibrils, is provided with one or two long, thick

processes and several short and thin ones
;

generally the processes

are branched. The general shape of the cells is oblong, the thick,

long processes being commonly at the two opposite poles. The
cells are generally isolated, sometimes situated in the centre of a

mesh, or more commonly near a nerve-trunk that borders the mesh

on one side. Each ganglion-cell

is connected with a nerve-trunk

of the plexus by at least one

process. In a few of the nerve-

trunks of the general plexus, iso-

lated meduUated nerve-fibrils are

seen to pursue an almost straight

course from one trunk into

another and divide into two.

There is no connection between

these medullated fibres and the

ganglion-cells.

Auerbach's plexus is a much
finer plexus than that just de-

scribed, and the ganglia are much
smaller. It supjjlies twigs to

the Muscnlaris mucosa; these break

up into fine fibrils, which follow

the direction of the muscle-fibres
;

other twigs supply the blood-

vessels, with which they can be

traced into the bases of the folds

of mucous membrane. Thanhoifer

has recently (/. c.) described nerve-

fibrils, which terminate in the

mucovis epithelium.]

D. The Large Intestine (Fig.

184/1^).

a. General description. The large intestine is a fiask-shaped

viscus, lying in the median line. The small intestine opens into it

From a transverse section of tlie Lirge intestine

of Rana temporaria, moderately distended.

—G. H.

Denser portion of submucous coat.

Looser portion of submucous coat.

Artery, cut obliquely.

Circular muscle-layer

Longitudinal muscle-layer.
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by an abrupt curve at its anterior end. The large intestine is the

widest part o£ the alimentary canal, is thin-walled, and diminishes

in width towards its hinder end, where it opens into the cloaca

above the opening" of the bladder.

b. [Minute structure.

(i) The serous coat resembles that o£ the small intestine, etc.

(2) The muscular coats resemble those of the small intestine, but

are thinner ; the longitudinal layer is, however, proportionally

thicker (Wiedersheim).

(3) The submucous coat (Fig. 192) resembles that of the small

intestine in its general structure ; the portion Ijang immediately

beneath the mucous membrane (£) is denser in structure.

This layer has no 3[?/fic?/laris mucosa.

(4) The mucous coat [A) is a simple layer of large, columnar,

epithelial cells, with large oval nuclei. The cells have a hyaline

free border, but this possesses no stri- „.

ation. The mucous membrane is usually

described as possessing numerous simple -B^
follicles (glands of Lieberkiihn) ; in

those specimens which I have exa-

mined they have been entirely absent

(Figs. 192, 193). At six to eight

points in a transverse section of a

rectum moderately distended the sub-

mucous coat is thinner, and so throws the

mucous coat into slight, longitudinal

grooves ; but these do not in the least

resemble the glands of Lieberkiihn.

(5) The epithelium possesses goblet-

or chalice-cells (Hoffmann), the number
of which probably depends upon

the period of the year and the state

of digestion. In the rectum, from
which the section for the figures 193
and 193 were cut, not one goblet-cell

was found in a complete series of

sections.

If the rectum be contracted, the mucous membrane is thrown into

longitudinal folds.

Transverse section of large intestine of
liana eseulenta ; the mucous mem-
brane thrown into longitudinal folds

in consequence of the organ being
contracted. Arteries injected with
carmine.—G. H.

A Large circular vessels witliin the
muscular coats.

B Fine anastomosis to the mucous
coat.
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(6) The blood-vessels (Fig-. 193) have a simple arrang-ement.

The arteries are large^, and form oblique loops around the intestine^

lying under the peritoneum ; from these branches are given off to

form a series of rings in the submucous membrane (Fig. 193 A)
;

from these fine twigs are given off to form a fine anastomosis under

the mucous membrane (£).

(7) The lymphatics of the large intestine are arranged in two

chief systems : one under the serous coat resembles the corresponding

system of the small intestine. The second set forms a network of

rounded loops in the submucous coat, which give rise to a secondary

set of smaller vessels towards the mucous membrane ; this secondary

system forms a sort of trellis-work standing on the rounded loops,

and so maps out small blocks of the thick submucous coat. Towards

the cloaca the arrangement is simpler ; the secondary lymphatics

are lost, while the primary lymphatics tend to form elongated,

longitudinal loops (Langer).]

II. THE GLANDS CONNECTED WITH THE

INTESTINAL CANAL.

A. The Liver and Gall-bladder,

a. External form.

(i) The liver (Figs. 185, 194) is a large, reddish-brown organ,

occupying a large part of the anterior abdominal region. It con-

sists of three or more lobes, which present many individual varia-

tions ; as a rule there are two larger lateral lobes [L and L^), and

a smaller median lobe (L'^). Each lobe has a superficial or ventral

surface, which is convex, and a deep or dorsal surface, which is con-

cave and directed towards the other abdominal viscera lying above

the liver. The two surfaces of each lobe meet to form a sharp

border around the lobe, except where the three lobes are more

intimately attached, opposite the apex of the heart (Figs. 185,

1 94) ; at this place each lobe possesses a small, flat, or slightly

concave anterior surface.

The left lobe (L) hides the greater portion of the stomach, and

has near its inner border a deep fissure, which rvms forwards and
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so marks off a more or less well-marked fourth lobe. The

anterior portion of the left lobe is attached to the corresponding

portion of the rig-ht lobe by a narrow commissure.

The median lobe (X^) es- p- ^

tends backwards as far as the

pylorus, and covers the com-

mencement of the intestine

together with the pancreas ;

these organs can, therefore,

not be seen until this lobe

is displaced. A fifth lobe is

sometimes found on the dorsal

surface of the median lobe,

and to it or to the dorsal sur-

face of the median lobe the

small intestine is attached by

the Ligamentttm hepato-duode-

nale (Fig. 195 Lhp). The

Vena ]}ortarnm enters the liver

behind this ligament.

The right lobe extends much
further dorsalwards than the

left lobe, and even comes in

contact with the lung, the

vessels of which sometimes indent its surface in spirit specimens.

This lobe is also in contact with the base of the fat-body, and in

females with the oviduct.

By drawing the lobes of the liver to either side and displacing

the heart towards the head, the posterior caval vein is seen passing

from the liver to the heart, and the hepatic commissure joining the

lateral lobes is brought into view.

(2) The gall-bladder (Fig. 195 6) is placed on the dorsal surface

of the liver in the deep niche between the right and left lobes ; it

is attached to the liver by connective-tissu^ and peritoneum.

The gall-bladder is round or oval in form ; when moderately full

it has a smooth, outer wall, which is thin and allows the green colour

of the bile to be seen. It possesses a duct {l)cy), the cystic duct

[I)i(chis c7/sticus), which bifurcates near its origin.

The two cystic ducts (Fig. 195 Bc^) join the larger hepatic

ducts, as shown in the figure, and so form a simple anas-

The liver, seen from the ventral siirface.

Du Duodenum.
// Heart.

L Left lobe of liver.

Zl Right lobe of liver.

i2 Middle lobe of liver.

M stomach.
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; L

tomosis, from which three branches (3) of varying size unite at the

anterior extremity of the pancreas to form the common bile-duct

[Duct Its clioledocJnis, Dc).

The common bile-duct

runs through the whole

length of the pancreas^

receiving near its origin

additional hepatic ducts

(i>//^) from the middle

lobe of the liver. In

this course the duct lies

either on the ventral

surface of the pancreas

or under a thin layer of

the glandular tissue; it

receives the ducts of the

pancreas and leaves that

organ at its posterior

border as a round and

strong canal {Dc^)- The

duct courses in the

gastro - duodenal liga-

ment, and reaches the

dorsal surface of the

duodenum at a very

acute angle ; it then

pierces the wall ob-

liquely and terminates

with a slit-like or elon-

gated oval opening.

b. [Minute structure.

(i) The liver is com-

posed of various tissues :

it possesses a peritoneal

covering, a fibrous cover-

ing, which supplies tra-

beculae to support the

various other tissues, blood-vessels, hepatic cells or true liver paren-

chyma, and bile-canals.

a. The peritoneal covering of the liver encloses the organ

almost completely, the only exceptions being where the various

Tlie pancreas and bile-canals. The liver has been displaced

towards the head.

Dc
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attachments of the liver are foiind (see peritoneum). The perito-

neal covering' of the liver is for the most part composed of flattened,

ciliated cells (Neumann and Grunau) ; on the middle lobe these are,

however, more or less replaced by non-ciliated cells. The thickness

of these cells varies considerably, according to the amount of dis-

tension to which the liver is subjected.

jS. The fibrous covering of the liver is very thin and very diih-

cult to demonstrate ; it consists of connective-tissue fibres with very

few corpuscles. This covering is prolonged into the liver along the

portal canals, where traces of connective-tissue can always be

made out.

From these processes and from the whole of the inner surface of

the general connective-tissue capsule are given off fine trabeculae,

in which it is very difficult to find any nuclei ; these trabeculae

are everywhere extremely delicate and difficult to demonstrate;

nowhere do they form distinct bomidaries between lobuli : the

structure closely resembles the stistentacular tissue of a lymphatic

gland (Eberth).

y. The blood-vessels to the liver are the portal vessels (p.

2^9), the hepatic veins (p. 247), and the hepatic artery^ (p.

( 1 ) The i^ortal vessels pass into the liver on its ventral surface
;

they divide into branches which course along the middle parts of

each lobe and give off smaller branches in all directions towards the

periphery; the interlobular branches (Fig. 196 I) forming a very

complex capillary network. As compared with the hepatic veins

(Fig. 196 II), the interlobular veins do not give off their capillaries

so abruptly, but tend to supply these from small lateral branches.

The portal veins are accompanied in their course by branches of the

hepatic artery, and often by larger bile-ducts, and thus form

portal canals. In no part do the portal (interlobular) veins or their

branches limit the lobules by distinct rings of vessels, as seen in

many higher animals. The interlobular veins and intralobular veins

simply interdigitate with each other.

1 See Plate II, Fig. 196.

I. Partial injection of the livei- from the iiortiil vein (bhxe) : Rana escuknta.—G. H.

II. Partial injection of the liver from the hepatic vein (red) : Rana escuknta.—G. H.

III. Complete injection of the hver from the hepatic artery (red) and from the portal vein

(blue): Rana cscuh'nta.—G. H.

A Portal (interlobular) veins and their branches.

B Hepatic (intralobular) veins and their branches.

C Hepatic arteries and their branches.
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(2) The hepatic veins (Fig-. 196 I and II) also com'se chiefly in

the middle parts of the lobes of the liver ; they branch, and ulti-

mately supply intralobular veins which interdigitate with the inter-

lobular veins (I and II). The capillaries arise very abruptly from

an intralobular vein, and form a network of vessels communicating"

very freely with the corresponding* capillaries of the interlobular

veins.

(3) The hepatic arteries (Fig'. 196 III) break up into small

branches which, as a rule, course along the portal canal until near

the surface of the liver, when they leave the portal veins and pass

to the surface to supply the coverings of the liver. In their course

along the portal canals they supply a few very small twigs to

the structures forming the canals. At the surface of the liver

the branches of the hepatic artery form capillaries, which empty

themselves into the general capillary anastomosis beneath (Fig.

196 III).

Ô. The liver-cells (Figs. 197, 198) are large, and of compressed

spheroidal or polygonal shape. They possess no cell-wall, have

usually one but sometimes two large nuclei, each with a distinct

nucleolus. The cells often contain granules of glycogen or fat-

globules. The main fibrillae of the intercellular network are

arranged so as to extend between a bile-capillary and a blood-

capillary (Fig. 197).

e. The bile-ducts (Fig. 198) commence as fine tubes between the

liver-cells, where they are simply small spaces enclosed by the

hepatic cells; they are usually enclosed by three or four cells,

possibly sometimes by only two cells (Hering). Such bile-capillaries

are usually sej^arated from a blood-capillary by the thickness of one'

liver-cell only (Fig. 198},

As a number of such bile-capillaries run together to form a larger

duet, the cells enclosing them changée Uieir character, becoming

flattened and broader ; these cells may, however, be traced contin-

uously into the true hepatic cells (Hering and Eberth). The bile-

duct so formed then obtains a slight covering of fibrous tissue,

which rapidly increases in quantity, courses along a portal canal,

and receives other ducts on the way ; the epithelium lining it

gradually becomes more elongated, and ultimately resembles that

found in' the common bile-duct or the gall-bladder.

In the larger dvicts the epithelium is, according- to v. Brunn,
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Fig. 197.

ciliated ; they also possess a layer o£ unstriated muscle-fibre

(Eberth).

C The pigment of

the liver varies very

much in amount and

character^ according

to the time of the

year and state of

health of the animal.

According to Eberth

thepigmentary masses

are of about the same

size as the white blood-

corpuscles, andare pos-

sessed of the power of

amoeboid movement
(in young animals).
f^, ,, Liver-cells, after Kupifer.

ihe cells possess two

to seven nuclei and vary much in colour and distribution.

a rule the larger the amount of pigment in a given liver

As
the

Fig. 1 98.

The bile-capillaries; natural injection with sulphindigotate of sodium: vv v represent

blood-capillaries.—G. H.

smaller is the number of fat-globules found in the individual

liver-cells (Eberth).]

(2) [The gall-bladder and bile-ducts. The gall-bladder has four

coverings.
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a. A serous coat of peritoneal endotlielium.

/3. A muscular coat, containing unstriated muscle-fibres and con

nective-tissue.

y. A sub-mucous coat of areolar-tissue

Fig. 199.

b. An intenial lining

of columnar epithelium.

e. The walls of the

gall-l)ladder are richly

supplied with blood-ves-

sels from the cystic ar-

teries (p. 233) ; these

form a close network in

the submucous coat.

^. The muscular and

submucous coats also

possess a rich nervous

plexus, which contains

ganglia and resembles

Auerbaeh^s plexus of the

intestine (Popoff, Ger-

lach).]

B. The Pancreas (Fig.

199 P).

a. General descrip-

tion. The pancreas is

a flattened, light yel-

lowish - browai organ,

placed in the loop of the

duodenum between this

latter and the stomach.

The whole organ iswithin

the gastro-duodenal liga-

ment, and is attached to

the liver; hence it is

little influenced by

changes in the amount

of distension of the

stomach or intestine.

The organ may be

completely exposed by either of two methods : in the former, the

liver, stomach, and duodenum are drawn towards the head and

The pancrea-s and bile-canals. The liver has been displaced

towards the head.

Dc
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the dorsal surface of the organ so exposed. In the second method

the hver is drawn backwards, the various peritoneal folds which

connect the duodenum with the posterior border of the liver cut

through, and the three organs then separated ; the pancreas can

then be conveniently examined.

The size and shape of the pancreas are subject to great variations

in different specimens. The usual shape of the organ is somewhat

triangular (Fig. 199), the left border being usually unbroken, while

the other two shorter borders are broken into lobes. The longest

lobe stretches as far as the pylorus {Pi/), to which it is attached by

connective-tissue : the opposite extremity of the gland is attached to

the liver.

The excretory duct of the pancreas {Ductus Wirsiirgianus) opens

into the common bile-duct at about the middle of the pancreas

[F^) ; other smaller ducts may open into the same canal.

b. Minute structure. [The pancreas consists of a number of

lobes loosely held together by connective-tissue ; each lobe is com-

posed of a number of lobules attached to each other much more

intimately. The lobules are made up of tubes lined by a single

layer of g-landular epithelium. This epithelium is, as a rule, broadly

columnar, but in the smaller tubes may be cubical or polygonal.

Each cell has a cell-wall, nucleus, and very granular protoplasm
;

the latter shows two zones (in the inactive condition), a granular

zone near the lumen, and an outer, clear, and finely striated zone

(Nussbaum). .The lumen of each alveolus is very small, and in

many cases difficult to make out.

The smallest ducts have no special lining, and are therefore

bounded by the glandular cells; the larger ducts have a

flattened, cubical epithelium, which when seen from the sur-

face has an appearance as if the individual cells were w^idely

separated from one another ; these ducts have a considerable

layer of connective-tissue around them. The largest ducts are

lined with a layer of columnar, ciliated epithelium ; the cilia

are very long, usually of about the same length as the cell, some-

times appearing to be even longer. This epithelium is contin-

uous with the ciliated, epithelial layer of the common bile-duct,

which it resembles. These largest ducts have an extremely thick

layer of connective-tissue around them.

The pancreas and its ducts are very richly supplied with vessels

and nerves ; the nerves forming everywhere a fine plexus, the larger

strands of which usiially, but not always, course with the larger
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blood-vessels. The larger ducts have an especially rich supply of

nerves, of which fibrils may be traced towards the ciliated epithe-

lium ; an anatomical connection between the two has aiot, however,

been made ont.]

III. THE SPLEEN.

a. General description. Although the spleen belongs to the

lymphatic system, it is considered here in order to complete the

description of the abdominal viscera. It is a small, rounded-oval

body, of a reddish-brown colour, suspended in the mesentery near

the anterior end of the large intestine (Fig. 184 M.:). In medium-

sized animals the longer diameter is about 6 mm., and is parallel

with the long axis of the body; the shorter diameter is about

5 mm., and the thickness varies from about 3 mm. to 4 mm.
The dorsal surface is flat or slightly concave [HiIus lieiils), and re-

ceives the relatively large afferent and efferent vessels ; the rest of

the organ is smooth and rounded, and with its greatest convexity

directed towards the left side.

b. [Minute structure. The structure of the spleen resembles

that of higher animals. It possesses a serous coat of peritoneum,

under which is a fibrous coat ; the latter sends in trabeculae,

which divide and form a fine meshwork of supporting-tissue ; the

finest trabeculae are formed by the processes of the connective-cells

of the sustentacular structure. According to Hoffmann, the thick-

ness of the fibres averages o'ooi to O'oii mm.; the intervening

spaces measure 0'002 to o"Oi2 mm. The spaces are filled by the

spleen pulp, which consists of true spleen-corpuscles, blood-cor-

puscles, and pigment-corpuscles.

The spleen-corpuscles have an average diameter of 0'Co6 mm.,

and are round or of a rounded oval form. Each consists of a nucleus,

with a very small amount of adherent protoplasm ; the nucleus

possesses one or two nucleoli. Some of these cells contain a

brownish or black pigment in granules, but most of them are

colourless (Hoffmann).

The pigment-cells equal the white blood-corpviscles in size, and

exactly resemble the corresponding pigment-cells of the liver.

The blood-corpuscles are found in various stages of disintegra-

tion and rcii'eneration.
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The arteries, on entering- the spleen, at once break up into

branches which pass in all directions, g'iving- off twig's on all sides

and at varying- angles ; from these capillaries are suj)plied, which

traverse the parenchyma in all directions. The capillaries empty
themselves partly into veins, partly into the splenic spaces.

The veins commence either as capillaries in connection with the

arteries or by communicating with the splenic spaces. This com-

munication is brought about by small twigs of about 0"0i5 mm.
diameter, which have incomplete walls, and so open into the splenic

spaces (Hoffmann).

Malpighian bodies are represented by collections of splenic

cells on variolas arterial twigs ; they are, however, not so sharply

defined as is the case in some higher animals.]

IV. THE PEKITONEUM.

a General description. The peritoneum is a thin, pigmented

membrane lining the abdominal cavity. Tracing it forwards from

the ventral wall of the abdomen {l^enloneuni parietah), it can be fol-

lowed along the deeper surface of the muscles to the pericardium.

The middle portion leaves the abdominal wall by accompanying the

anterior abdominal vein ; the lateral portions are continued further

forwards, and then ascend on the pericardium and the deeper sur-

faces of the lateral walls in the thoracic region.

The peritoneum passes thence to the ventral surface of the liver

{Ligamentvm coronarliDu), covers this surface and passes on to the

dorsal surface of the organ, which, together with the gall-bladder, it

completely encloses. The membrane thus reaches the dorsal wall

{Ligamentnm snspensorimn Iiejmfis et pericardu) ; from the lateral

borders of the liver it passes upwards to the dorsal wall, and thus

forms a pocket-like pleuro-peritoneal cavity on either side.

From the dorsal wall and above the attachment of the coronary

ligament of the bladder the peritoneum reaches the root of the

lung on each side, and completely invests the organ : while in

the middle line it covers the outer surface of the oesophagus and

attaches it to the dorsal wall, thus forming the first jîart of the

mesenterv
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Just behind the root of the hing-, the peritoneum, in female speci-

mens, has an opening- on each side [Ostium ahdominale tuhae Yallo-

piae), by which the oviduct communicates with the peritoneal cavity.

Tracing the peritoneum backwards, it passes over the ventral sur-

face of the kidneys so as to exclude them from the peritoneal sac :

in the middle line, between the kidneys, the peritoneum descends to

form the mesentery for the small intestine. At the inner borders

of the kidneys, the testes or ovaries are pushed into the abdominal

sac, and so possess well-marked mesenteries; the mesovarium be-

comes longer towards the cloaca, but attains its greatest develop-

ment in the breeding season, when it is arranged in numerous folds.

Along the outer borders of the kidneys, in females, the peritoneum

affain descends into the abdominal cavities to enclose the oviducts,

which have broad mesenteries. Towards the rectum these mesen-

teries are shorter and attached to either side of the bladder by a

well-marked free border : as the middle line of the bladder is

attached by the peritoneum to the rectum, two distinct pouches

{Cava recio-vesicalia) are formed, which descend deeply into the

pelvic cavity. The up^ier walls of these pouches are pushed in be-

tween the urostyle and the rectum, and together form a strong

meso-rectum, which is longer near the Vahula BanJiinii and con-

tinuous with the mesentery of the small intestine. The hinder

portion of this mesentery is very short, and only covers the lateral

walls of the rectum.

With the exception of a small portion of its dorsal surface, which

is attached to the rectum, the whole surface of the bladder is covered

with peritoneum.

The mesentery of the alimentary canal commences in connection

with the oesophagus between the roots of the lungs ; it is attached

to the dorsal surface of the liver, covering the posterior caval vein,

and is attached to the gall-bladder. From this point it extends, as

a free, arched fold, to the concave right border of the^ stomach,

which is completely surrounded by peritoneum.

The gastro-duodenal fold [Ligamentum gastro-dnodenale) extends

from the stomach to the pylorus and includes the pancreas. The

hepato-duodenal fold {Lig. hepato-duodenah') extends from the portal

fissure of the liver to the duodenum.

The mesentery of the small intestine is broad and arranged in

folds, which follow the curves of the intestine; and is attached in

the middle line, immediately beneath the vertebrae, where it encloses

the aorta.
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The various folds and mesenteries carry the blood-vessels and

nerves to the different organs ; in this course the vessels are sur-

rounded by large lymphatics, which communicate with each other.

Fio-. 20I.

Preparations from the peritoneum of Runa esculenta.—G. H.

I. From jieritoneum of the ventral wall of abdomen, stained with silver and logwood (Hartnack,

Oo. I, Syst. 7).

II. From mesentery of small intestine of liana esculenta, stained with silver (Hartnack, Oc. I,

Syst. 7).

III. Preparation to show ciliated cells between non-ciliated cells ; after Neumann.
IV. Vertical section at border of liver to show ciliated epithelium ; after Neumann.

A Stoma.

B Pigment-ceUs.

C Ciliated cells.

D Non-ciUated cells.

b. Minute structure (Fig\ 201).

[The peritoneum is a serous membrane, formed for the most part

of a layer of irreg-ular endothelial cells, arranged on a thin layer of

subserous, connective-tissue (Fig-. 201 I-, II, and III).

The endothelial cells are attached to each other by cement-sub-

stancCj easily stained by silver nitrate. The cells covering the

general surface of the peritoneal cavity are larger and broader than

those covering the mesentery of the small intestine (compare I and

II, Fig. 201).

At various points stomata are found, bordered by smaller and

more deeply staining epithelium (I, A). The membrane covering

the general cavity is also much more pigmented than that covering

the mesentery (compare I and II).

Various portions of the peritoneal surface possess ciliated cells^

X
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and these cells are usually thicker than the surrounding non-ciliated

cells. Such cells are found especially near the openings of the ovi-

ducts and on the liver. The dimensions of the cells vary ; according

to Neumann the average dimensions of ciliated cells on the liver are :

o-oo6 mm. depth (without the cilia); nucleus, 0-012 mm. long and

0"003 mm. broad. The cells are five- or six-sided and bounded by
straight sides (Neumann).]
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THE LAEYNX, LUNGS, VOCAL SACS. ETC.

I. THE LARYNX.

The larynx (Fig-. 202) is a short wide tube placed between

the posterior eornua of the hyoid, to which it is attached by

connective-tissue. The long axis of the tube lies in the median

line and almost horizontally, but the posterior end is on a slightly

lower level than Fig. 202.

the anterior, when eo F ^
the animal is in

the natural sitting

position (Fig. 202).

The anterior end

of the larynx opens

into the mouth by

a longitudinal slit

(Fig. 179 L), and

is placed in a slight

depression caused

by the folding of

the mucous mem-
brane ; the poste-

rior end communi-

cates with the

cavities of the

lungs.

The larynx is

lined with mucous membrane, which is continuous, in front with

that of the mouth, behind with that of the lungs. The organ

has a skeleton of cartilage, and possesses special muscles,

lissection to show the position and relations of the larynx. The animal
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by which the supply of air to the king-s, and the voice can be

regulated.

a. The cartilages o£ the larynx.

The cartilages of the larynx are five in number, of which four are

paired and one is single.

(i) The cricoid cartilage (Figs. 203, 204) is an oval ring of

cartilage with various processes. The ring-like portion of the

cartilage is placed in a plane which is almost vertical, but which

is directed slightly upwards anteriorly, and slightly downwards

posteriorly (the animal being in the usual sitting position).

Fig. 203.

Tlie cartilaginous skeleton of the larynx.

I. Seen from in front ; the spinous process would noi mally be more c\uved.

II. Seen from the left side
; the spinous process should be more curved.

Ca Right arytenoid cartilage. SR Opening to larynx.

C'ai Left arytenoid cartilage. « » ^ The two outer asterisks are above the two

V.IA-V.IA Cricoid cartilage. apices of the left arytenoid cartilage ; the

P Lateral plate of cricoid cartilage. middle one above the pre-arytenoid cai-ti-

Sp Spine of cricoid cartilage. lage.

The sides of the ring are slightly curved inwards on the anterior

surface, and possessed of irregular enlargements (C./.^-C./."*), the space

enclosed by this portion of the cartilage is occupied by a membrane

(M), which forms the floor of the body of the larynx.

From each side of the body of the cartilage, a process (CJr) is

given off, which curves backwards and inwards to join its fellow of

the opposite side, the two forming a blunt spinous process (Sjj), which

projects backwards, and is intimately attached to the oesophagus.

Between these processes and the lower portion of the body of
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the cricoid cartilage are the apertures of the roots o£ the lungs

(Fig-. 203), which, by their attachments to these cartilages, are

kept open.

FiE

(2) The arytenoid cartilages (Fig. 203 I

pair of cartilages placed

in front of the cricoid

cartilage, one on each

side. Each cartilage is

semilunar in shape, con-

cave internally, and

convex externally. The

cartilages are placed

almost vertically, with

their posterior borders

or bases parallel to the

body of the cricoid car-

tilage. The superior

borders (Fig*. 204) are

directed upwards and

forwards, the inferior

downwards and for-

wards. The superior

and inferior borders are

separated by a semicir-

cular notch, bounded by

two sharp apices. The

superior and inferior

angles of the two car-

tilages are close to-

gether, and movably

attached to each other

by connective-tissue.

These cartilages vary

very greatly in the two

sexes. In the males

they are thick, strong,

and large ; in the female

the cartilages are very

thin, more hollowed and

much smaller.

II, Ca, Co}) are a

. 204.

The larynx and surrounding
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(3) [The pre-arytenoid cartilages (Fig-. 306 I, JP) are two small

elongated cartilages placed in the semicircular notch between the

superior and inferior borders of the arytenoid cartilages. They are

subject to much variation in size^ sometimes being merely a very

slender rod, at others a moderately thick oval mass. In female

specimens they appear to be, at times, absent, or to unite with the

arytenoid cartilages, as in these cases a third very small apex

is found on each arytenoid cartilage ; but it is always much smaller

than the two neighbouring' apices.]

b. The attachments of the cartilages to each other.

The cartilages do not articulate directly with each other, but are

connected by connective-tissue only ; there are, therefore, no syno-

vial sacs.

Fig. 205.

=1

C.a.].

The niubcles of the larynx.

A. I.

C.l.

C.a.

C.a.

Co.

Co.
D.l.

G
Gi

H

. Aperture between the arytenoid cartilages.

Cricoid cartilage.

1 Sui^erior angle of the arytenoid cartilage.

I. M. constrictor aditiis laryngis.

I. M. hyo-arytenoideus anterior.

<.i M. hyo-arytenoideus posterior.

, M. dilatator laryngis.

Connective-tissue.

Connective-tissue.

Smaller posterior cornua of the hyoid.

//// Greater cornua of the hyoid.

Jt Fibrous tissue into which the two con-

strictions are inserted.

P/i2 Second petrohyoid muscle (M. petrohyoid. I).

P/iS Third petrohyoid muscle (M. petrohyoid. II).

Ph'i Fourth petrohyoid muscle (M. petrohyoid.

III).

S,S'',S^ Tendon of the fourth jjetrohyoid muscle.

Sp Spinous process of the cricoid cartilage.

ZK Body of the hyoid.

c. The muscles of the larynx ^.

The muscles of the larynx appear in the following order, when
dissected from the mouth :

—

' The nomenclature adopted is that of Henle and Hoffmann.
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(i) The M. dilatator aditus /aryw^e^ (Henle), (Fig. 205 i)./.) arises

on either side from the hinder end of the larg-er posterior eornu

of the hyoid : the fibres diverge slightly to be inserted into the

middle portion of the outer surface of the arytenoid cartilage; a

smaller bundle of fibres is attached to the deeper-lying constrictor

muscle and to the cricoid cartilage.

(2) The M. constrictor aditus laryngis (Henle), (Fig. 205 C.aJ.),

arises on either side from the hinder half of the dorsal surface of

the posterior cornu of the hyoid. The two muscles enclose the larynx,

and are inserted into a median tendinous raphe on the under sur-

face of the larynx (//). The raphe is connected with the skeleton

of the larynx by connective-tissue.

(3) The J/. Injo-anjtenoideus anterior(Fig. 205 C.oJ.) arises on each

side from the inner border of the anterior end of the cornu of the

hyoid ; the muscle lies close to the anterior border of the arytenoid

cartilage, and is inserted into a fibrous lamella on the dorsal surface

of the larynx. The M.petrohyoiâeus tertius is also partially inserted

into this lamella.

(4) The M. petrohyoideus tertius (Fig. 205 fh^), (see also p. 66).

The greater part of this muscle is inserted into the end of the

posterior cornu of the hyoid {HR) ; a smaller portion {8, /S^)

is prolonged to be inserted into the cricoid cartilage and into the

fibrous lamella into which the MM. hyo-arytenoidei anteriores are

inserted.

(5) The M. hyo-arytenoideus posterior (Fig. 205 C.o.l.^) arises on

each side from the superior angle of the corresponding arytenoid

cartilage, under cover of the tendon of the M. pjetrohyoidens tertius.

The muscle is inserted into the inferior angle of the arytenoid

cartilage.

d. The interior of the larynx (Figs. 202, 2c6, 207). The cavity

of the larynx is constricted at two points : anteriorly it is con-

stricted by the true vocal cords (Figs. 206 V, 207 SB), posteriorly by
the false vocal cords. The whole cavity is Hned with mucous mem-
brane, which is continuous with that of the mouth anteriorly, with

that of the lungs posteriorly.

(i) The true vocal cords are two vertical flat bands of con-

nective-tissue, attached above to the superior angles of the arytenoid

cartilages, below to their inferior angles ; their anterior borders are

thin and free ; near their posterior borders they are attached by
mucous membrane to the internal surfaces of the arytenoid cartilages.
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Fie. 206.

H

The anterior and posterior borders are not parallel but are each

concave (Fig-. 202 /').

The anterior border is thin,

the posterior thick and rounded.

Seen from in front (Fig-. 206},

the opening- between the cords

{Rima glottidis) is slightly wider

at each end than in the middle.

The ends of the concave poste-

rior border are prolonged back-

wards and enclosed in a fold of

mucous membrane. Part of the

tissue enclosed is unstriated mus-

ciilar fibre, which may be traced

to the cricoid cartilage.

(2) [The false vocal cords

(Figs. 2C2 and 206 F) are simply

folds of mucous membrane,

which extend vertically on each

side of the larynx behind the

true vocal cords; they do not

extend so far towards the me-

dian plane as do the true vocal

cords.]

(3) [The entricles of the

larynx (Figs. 202 and 206) are

two on each side. The anterior

ventricles are between the true

vocal cords and the arytenoid cartilages ; they are open anteriorly,

and closed by mucous membrane posteriorly.

The posterior ventricles open towards the median plane, each

presenting an oval opening (Fig. 202), which widens outwards into

a large cavity (Fig. 206 //). The cavity is bounded in front by

the base of the true vocal cord, and the mucous membrane attached

to it; posteriorly by the false vocal cord, and externally by the

cricoid cartilage and the connective-tissue capsule of the larynx.]

(4) [The mucous membrane of the larynx varies in struc-

ture in various parts of the organ. From the anterior opening

of the larynx to the posterior borders of the vocal cords it is

lined with stratified epithelium, which is firmly attached to the

imderlying structures by a small amount of sub-epithelial

Three sections through the larynx of liana

esculcnta.—G. H.

I. Sagittal section near the median plane

thi'ough the larynx.

II. Oblique transveree section through larynx.

III. Almost horizontal section through larynx.

A Arytenoid cartilage.

(' Cricoid cartilage.

E Epiglottis.

F False vocal cords.

G Epiglotidean glands.

// Hyoid.

M Membranous floor of the larynx, cut

obliquely.

Opening into root of lung.

P Pre-arytenoid cartilage.

V Vocal cord.



THE LARYNX. 317

Fig. 207.

SB

tissue. This is especially well marked on the vocal cords

themselves.

Behind the vocal cords the mucous membrane

is much more loosely attached to the surrounding-

structures by an extremely vascular areolar tissue.

The epithelium is arrang-ed in a sing-le layer

of columnar cells, among which are numerous

goblet-cells. In the more external parts of the

posterior ventricles, the mucous membrane is

thrown into deep folds and so forms j)olygonal

acini. In the median line of the floor of the

larynx and behind the false vocal cords is a

vertical fold of mucous membrane, which in-

creases in height and breadth as it proceeds

backwards towards the roots of the lungs. The

mucous membrane behind the true vocal cords

is extremely vascular, in the most posterior

portion of the larynx the blood-vessels form a capillary network

exactly like that of the lungs.]

e. [The epiglottis (Fig. 306 E) is a small bilobed fold of mucous

membrane placed on the floor of the mouth in the median plane and

immediately in front of the aperture to the larynx. Between it

and the mucous membrane covering the arytenoid cartilages are a

number of large mvicous glands ( 6'). The epiglottis does not contain

cartilage; it is, however, constant in its appearance and sharply

marked off from the surrounding mucous membrane.]

The Rima glottidis, seen

fI'om the front.

G Rima glottidis.

SB Vocal cords.

II. THE LUNGS.

a. General description. The lungs are two large thin-walled

sacs (Figs. 185 and 204 Lg and Lg^). The roots of the lungs are

contracted at their origin from the larynx and then expand to form

two ellipsoid sacs, which terminate posteriorly in bluntly-pointed

ends. With the exception of their roots they lie entirely free in

the pleuro-peritoneal cavity, and are covered by the pleuro-peri-

toneal membrane. In the recent state they have a bright red

colour due to the large supply of blood-vessels.

b. Minute structure.

(i) The muscular tissue of the lungs is for the most part

arranged in large bands, which form a coarse network on the deeper
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surface of the organ ; when seen in section ^ (PL II, Fig". 208 A, B)

these bands are found to be composed of well-developed involun-

tary muscular fibres. Between the larger bands are smaller bands

having a similar arrangement. From these networks of muscular

bands finer processes of muscular tissue pass peripherally towards

the surface of the organ, and are attached to the thin and incom-

plete muscular layer found in the wall of the lung (C).

(2) The connective-tissue of the lungs is present in only small

quantity, but is still sufficient to fill in the spaces between the

various muscular bands and the surface of the lung, and to invest

the whole of that surface. There is thus formed a series of j^its,

the mouths of which open into the general cavity of the lung,

while their bases are at the surface. Through this connective-

tissue course the blood-vessels, nerves, and lymphatics. It contains

numerous yellow elastic fibres.

(3) The blood-vessels of the lungs. The pulmonary artery

courses along the outer surface of the lung to the apex, giving

off, at right angles, lateral branches in the whole of its course;

these show a tendency to be alternately larger and smaller. The

lateral branches divide and form a rich capillary network (T.

Hoffmann).

The capillary network has very small meshes ; the diameter of a

given mesh being frequently less than that of the capillary bounding

it. The meshes are rounded or polygonal in shape.

The pulmonary vein arises by lateral branches from this capillary

network; the branches join, at right angles, the main vein, which

courses from the apex of the lung along its inner surface to the

root of the organ.

(4) The epithelium of the lungs. Externally the lungs are

covered with a layer of endothelium derived from the peritoneum.

Internally the surface is covered with an epithelium which varies

considerably in different positions.

On the free borders of the muscular trabeeulae forming the

1 See Plate II, Fig. 208.

Two sections from the lung of Rana temporaria ; stained with borax carmine.—G. H.

I. Tlie lung dilated (Hartnack, Oc. I, Syst. 3).

II. The lung contracted (Ilartnack, Oc. I, Syst. 7).

A Band of muscle cut transversely. D Band of muscle cut longitudinally.

C Muscular layer of surface.
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borders of the alveoli is a short columnar ciliated epithelium (Fig.

208) ; such epithelium is also found in the root of the lung- ; it

contains goblet-cells.

The alveoli, for the most part, are lined with a single layer

of tesselated epithelium; the cells are polygonal in outline,

with finely granular contents and a distinct nucleus : the average

diameter of the cells is from 0*0074 to o*oio8 mm., that of the

nucleus 0'0054 mm., that of the nucleolus o'oooç mm. ; four to

eight of such cells occupy the space enclosed by one mesh of the

capillary network (Eberth).

The epithelium rests on a structureless basement membrane, which

is continuous over the whole inner surface of the lung, whereas the

epithelium does not pass over the capillaries, and is therefore only

found in isolated patches in the areas enclosed by the capillaries

(Eberth).

In various isolated spots, small groups of short columnar or

goblet-cells are found in the tesselated epithelium (Eberth, Hoff-

mann).

(5) [The lymphatics of the lungs have been described by T. Hoff-

mann; they form a network of vessels surrounding the larger

blood-vessels : from this branches are given off, which form a

network of fine canals through the whole of the lung
;
part of this

secondary network accompanies the blood- capillaries, but other

portions run a separate course. They communicate with the

pleuro-peritoneal cavity.

(6) The pigment-cells are very numerous, branched, and large
;

they accompany the lymphatics, and not the blood-vessels (T. Hoff-

mann).

(7) The nerves of the lungs (p. 172) course along the larger blood-

vessels, under the serous coat; the fibres are chiefly medullated

fibres (Egorow, Kandarazki). Non-medullated branches, which form

a plexus in each alveolus, are given off. The branches have small

triangular enlargements (ganglia), where they unite. The nerves

are accompanied by nerve-cells, which occur either singly or in

groups.

Egorow describes the nerves as being distributed in three net-

works : one for the mucous membrane and muscular trabeculae; a

second for the superficial muscular layer ; and a third for the serous

membrane.]
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III. THE VOCAL SACS.

VH

a. General description. The vocal sacs are a pair of sacs

which open in the floor of the
^^' ^°^'

mouth (Fig. 179 S) ; they are found

only in the males. When the

animal croaks these sacs are di-

lated and act as resonators ; when
so dilated the sacs force up the

skin xTnder the angle of the mouth
and tympanic membrane. In well-

develojied specimens they are about

as large as an average sized cherry.

The skin covering the sacs is ex-

tremely elastic, but is not directly

attached to the sacs.

b. Minute structure. The sac

consists of connective-tissue, with

a large proportion of yellow elastic

fibre. Internally it is lined with

a flattened epithelium, and exter-

nally is covered with a layer of striated muscular fibre, deri-\Td

from the mylo-hyoid muscle (Fig. 209 J\f//, J^f'/).

H II

Dissection to s)iow the vocal sac of the

right side.

//// Larger posterior corniia of the liyoid.

////I Smaller posterior cornuaof the hyoid,

My Mylo-hyoid muscle,

il/j/1 Mylo-hyoid muscle continued on ti

the vocal sac.

Tlui Thyroid glands,

VII Anterior cornua of the hyoid.

Z Body of the hyoid

.

IV. THE THYMUS GLAND.

a. General description. The thymus gland(Fig. 210 Th) is placed

on each side behind the angle of the jaw; it is best exposed by re-

moving the skin behind the tympanic membrane and the angle of

the jaw, and then reflecting the 31. depressor tnandihiilae {JD.iii.). The
gland is then found as an elongated, oval body, not quite 3 mm.
long, lying in the space between the M. (lejjressor luandihuJae and

the J/, sternocleidomas toideits [St) ; it extends slightly beyond the

posterior border of the former muscle. The space also includes

connective-tissue, fat, and numerous vessels.

In liana teniporaria this gland is spherical, much smaller, and

placed further behind on the M. sternodeidomastoideits^ between the

M. latissmns dorst and the ]\f. delfoidens (Wiedersheim).
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Fia:. 2IO

D.m.

b. Minute structure (Fig-. 211).

[The gland is surrounded by a connective capsule, which is

indented on the inner surface to form

a hilus through which blood-vessels

course into the organ.

The capsule sends in numerous fine

trabeculae, which form a connective-

tissue skeleton such as is found in all

lymphatic glands. The corpuscles of

the trabeculae possess elongated nuclei

from 0'0I9 to 0*028 mm. in length,

and o-oio to 0-015 ^^^- in breadth

(Tolldt). The trabeculae support a

network of blood-vessels.

The meshes of this sustentacular

tissue are filled with cells ; these are :

(a) Lymphoid cells, rounded or oval, possessing a round nucleus

and nucleolus, and an extremely small amount of adhering proto-

plasm; the size of the nucleus is from o'Oii to 0"0i5 mm.
(Tolldt).

Fie:. 211.

Dissection to show relations of the

tliymus gland.

De. M. deltoideus.

D.m. M. depressor uiandibulae.

L.d. M. latissimus dorsi.

St M. sternocleidomastoldeus.

Tf Tympanic membrane.
Th Thymus gland.

,jr6 v®j)

IT

fr^

From various sections from tlie thymus gland of Rana esciilenta.—G. H.

I. Complete gland (Hartnack, Oc. I, Syst. 3).

a Pigment-cells.

II. Portion of a section (Hartnack, Oc. I, Syst. 7) showing small coi-puscles of Haj^sall.

III. Portion of a section showing lohules with degenerating cells.

a Capsule of lobe.

6 Lobules.

c Large corpuscle of Hassall, surrounded by normal tissue.

IV. Xerve-ceU? (corjiuscle of Hassall), after Fleischl.

(^) Corpuscles of Hassall (Fig. 211 II, III, and IV) are, as a

rule, large bodies, but are subject to much variation in size. Their
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general appearance is seen in Fig. 211 III ; tliey show a concentric

striation and usually enclose one or more smaller cells. They

therefore closely resemble similar corpuscles found in higher

animals.

(y) In many frogs the cellular structure of at least a part of

the gland seems to have undergone a degenerative stage (III). In

such cases the connective-tissue is increased in quantity, and marks

off portions of the section into small lobules (III) which are

filled with cells containing mucus or sometimes fat (III). Under

what conditions this degeneration, if such it be, takes place has

not yet been determined ^.

(Ô) Large branched pigment-cells are found in the course of the

larger blood-vessels.

(e) Watney describes also four varieties of ' granular cells :

'

I. polygonal or rounded; 3. vacuolated; 3. spheroidal masses;

4. club-shaped masses attached to the blood-vessels. I have, how-

ever, not been able to distinguish them.

J

[Tolldt {I.e. 1S68) described the lymphoid tissue and the blood-vessels of this gland

but did not find the corpuscles of Hassall.

Fleischl (I.e. 1870) disputed Tolldt's descrijDtion ; he evidently found the corpuscles

of Hassall (see Fig. 211 IV), but he held them to be nerve-cells, and described them

as such. He was also of opinion that the blood-vessels open into the intercellular

spaces (as in the spleen). This has not been found to be the case by any other

observer. Watney (I. c. 1882) first described the concentric corpuscles of Hassall

as such.

Most writers describe the parenchyma as arranged in lobules. This I have only

seen in a part of the gland and under what I believe to be pathological conditions.]

V. THE THYEOID GLAND.

a. General description. A thyroid gland (Fig. 209 Thy) is

found on either side as a small, triangular, or oval, reddish-coloured

body on the dorsal surface of the M. sternohyo'uleus, just before

it passes between the MM. genio-hyoide.i. It lies in the angle

formed between the larger and smaller posterior eornua of the

hyoid {IIH, HH^). It is easily found by the presence of a large

number of vessels in its neighbourhood, and especially by the

large jugular vein, to the ventral surface of which it is intimately

attached.

' Only winter-frogs were at my disposal (translator .
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Not uncommonly several smaller

in the rich anastomosis surrounding-

The dorsal surface of the

g-land is lobulated, the ventral

surface flatter and convex.

The glands of opposite sides

are seldom symmetrical.

b. Minute structure (Fig.

212 I and II). [The g-land

possesses a connective-tissue

capsule, which sends in trabe-

culae to support the vesicles of

which the gland is composed.

The vesicles (I and II),

which vary greatly in size, are

closed" .jjavities, usually of a

rounded or oval form, but some-

times branched (Baber). Each

vesicle is lined with a single

layer of cubical or slightly

columnar epithelium (II, a),

which rests on a delicate

basement-membrane of con-

nective-tissue, placed between

the epithelium and the sur-

rounding lymphatics (Baber).

Zeiss describes a delicate reti-

culum between the epithelial

cells.

The vesicles always contain

mucus (b), and are surrounded

by a fine anastomosis of blood-

vessels (r).]

supplemental glands are foiind

the orffan.

>>)x\

Fig. 212.

„ r

\

inute structure of the thyroid gland of Rana
esculenta.—G. H.

Section through the gland (Hartnack, Oc. I,

Syst. 3).

Small portion of above (Hartnack, Oc. I,

Syst. 7).

a Epithelium lining the vesicles.

6 Mucus.
(• Blood-vessels, injected with blue mas.s.

VI. THE LYMPHATIC GLANDS OF THE HYOID
REGION (TONSILS?).

a. [General description. These are two oval, reddish-coloured,

soft lymphatic glands, placed one on each side of the larynx.

Frequently they are divided into two or three lobes by more or less

Y 2



IV2\ THF. i.u;vN\, l.VNOS;. voom, S.\(^S. f.to.

l'\'. -113

iloi'p lissuros. 'Vhc\ :»ro i'i>us1nnt in \\\c'\r in oiinvuvo. aiul :uv

t'l-iHpiontlv siipi>li>iiuM>ttMl by (M»o or nunv snialliM- ii'laiuls ; i\\i'l\

i;l;iiul has the larvnx ou its imuM-

side, tho T'f'HfijHfftthrh oxtornally.

tlio M. omo/n/oiifciift in front, and

abovo tlio iniioous nuMnbrano oi'

tho |>har\ n\ (^TolUlt).

b. Minute structure. Tho

o'lands oousist of donso lyniphoid

tissuo (Fig*. 21]^ hut possoss in

addition one or move hiriio hodios

[d] whioh rosonUdo lymphoid îo\-

HoU>s in struoturo. Kaol\ is ooni-

posoil of a donso mass of small

oolls : and tho wholo foUiolo is, as

(tonsii?)of K-.«.i ..vM/<H/.i(Uavtmok.oo.i. lu suuUar toUiolos o\ hio-hor ani-

s>-sM,,). Ai. n.
,^^,^1^^ sharplv diiVorontiatod from

a KxtwiMolj- la>-sv Kinphoiil t.>llùlo. '

tl\o rost of tho ori^-an.

Tho glands possoss an oxtronudy rii'h vasonlar supply, and aro

frovpiontlv piorood by ono or moro lari^v artorial trunks.

Tho mnoo\is mondn-ano oovorino- tho glands is thinner than that

inumnliatoly around, hut is not perforât od.]

[As fWr as 1 am ;>\v:uv. 'I'olUU is tJie only observer who dosorilvs those gl.uuls : lie

makes no menuon of tl>o lymphoid follicles.]
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THE URINO-GENITAL SYSTEM.

By cutting- through the meso-rectum the posterior caval vein is

seen, as a large vessel, arising by numerous transverse branches from

the ventral surfaces of the kidneys

and testes (Fig. 214 Cv), lying in

the median line between the kid-

neys ; by drawing it to one side the

dorsal aorta is brought into view

(Fig. 214 Ao). The testes are placed

on the ventral surface of the kidneys,

and together with the fat-bodies

conceal the anterior portions of these

organs. The posterior portions of

the kidneys are covered by perito-

neum only, and may by seen with-

out further dissection. The kidneys

lie dorsal to the peritoneum, and have

this membrane on their ventral

surfaces only ; their dorsal surfaces

are in contact with the lumbo-

sacral plexus.

The lu-eters extend from the

anterior border of the eighth verte-

bra to the middle of the urostyle,

where they terminate by two orifices

in the dorsal wall of the cloaca

(Fig. 184).

The testes are entirely surrounded

by i^eritoneum, except a small part

{UUus) of the inner surface, where

the vessels and ducts enter.

The urino-genital organs are arranged in the same manner in

the two sexes; the ovaries corresponding in position with the

The male urino-genital organs.

An Aorta.

t'l Cloaca.

Cv Inferior vena cava.

FK Fat-body.

// Testis.

*V Kidney.

.S. 61 Openings of ureters.

Ur Ureter.

Vr Renal veins.

t Appearance of ureters on the ven-

tral surfaces of kidneys.
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testes (Fig-. 214)^ that is^ they are bilaterally symmetrical^ and

placed on the ventral surfaces of the kidneys.

The oviducts (Fig-. 224 Ov) lie externally to the kidneys and
ovaries, and course throug-h the whole length of the trunk fi-om the

roots of the lungs to the cloaca. The size of the ovaries and oviducts

varies very greatly according to the season of the year ; at times,

the kidneys may be entirely hidden by them.

L THE URINARY ORGANS.
A. The kidneys.

a. General description. Each kidney (Fig. 215) is a reddish-

brown, elongated organ, almost semilunar in shape; the inner

border being straight and the outer convex.
^°' ^' The organ is flattened from above down-

wards, and decreases in thickness towards

either end. In animals of average size

the kidney is about 16 mm. long-, and
The right kidney, seen from the n ^ ,

< irnii-i
ventral surface. irom 6 to 7 mm. broad. The kidneys

lie parallel to the vertebrae.

The outer Ijorder is smooth and even, except at its posterior third,

where a slight depression for the ureter exists ; the inner border

has usually two or three well-marked notches, the hindermost of

which is the deepest (Fig. 215). Each notch is continued outwards

as a groove, traversing the whole breadth of the \'entral surface

and containing a branch of the renal portal vein. The ventral

surface is, as a whole, slightly concave, grooved, and lobulated;

the dorsal surface is smooth and slightly convex.

b. [Minute structure. The kidney is enclosed in a thin capsule

of fibrous tissue (Fig. 2 20 7jV/), which sends in fine trabeculae to

support the glandular structures and the blood-vessels.]

( 1 ) The blood-vessels of the kidney are the renal veins, the renal

arteries, and the renal portal vein.

a. The renal portal vein (p. 247) courses along the outer border

of the posterior part of the kidney, and then along the outer margin

of the dorsal surface ; in this course it gives off large branches,

which course inwards and forwards and supply numerous lateral

twigs. These anastomose to form a network of vessels on the

dorsal surface of the organ, from which very numerous large

branches course downwards and somewhat inwards to join corre-

sponding branches of the renal veins (Fig. 216 I).
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I have seen two twigs passing to the same corpuscle; as a rule,

however, each Malpighian corpuscle receives only one twig. A more

general arrangement is that the artery courses nearer the ventral

surface and in a more winding course, several twigs are then given

off close together, from the convex surface of one of the curves, and

these course to their respective corpuscles.

In the Malpighian corpuscle the arterial twig forms a series of

loops and then passes out to open abruptly into one of the branches

of the neighbouring venous anastomosis (Hyrtl).

(2) [The Malpighian corpuscles and their capsules (Figs. 216 I,

218 III). The corpuscles lie nearer the ventral than the dorsal

surface. They are rounded oval bodies, formed of loops of an

arterial twig, held together by a small amount of connective-tissue.

Each corpuscle is enclosed in a capsule, which it incompletely fills

(Fig. 217)1.

The capsules are formed of connective-tissue and lined with a

flattened epithelium (Fig. 2 1 8 III) : according to Duncan the fibrous

coat is arranged in two layers (III a). Towards the opening of tlie

uriniferous tube the epithelium increases in thickness.

According to Hyrtl, the corpuscles are arranged in two layers, a

more superficial one and a deeper one ; and are of two sizes, the

larger being as a rule the more superficial (ventral).]

(]) [The uriniferous tubes (Figs. 217 and 218). Each tube

originates at a narrow opening on the dorsal surface of a Mal-

pighian capsule. The tube gradually widens and is lined with

a short rounded or cubical epithelium (Roth), (Fig. 218 III); each

epithelial cell bearing a small number of extremely small cilia (Bow-

man, KoUiker, Duncan, and others). The cilia of the cells nearest

the capsule are directed towards it (Heidenhain), those of the cells

further away have an opposite direction (Spengel). This portion of

the tube is known as the neck ; it courses dorsalwards.

The second portion of the tube {Tubvlns con fori us), (Fig. 218

III, IX, and XII) has a very tortuous course in the dorsal part

of the kidney, and then winds towards the ventral surface. This

portion is lined with columnar epithelium, which has granular

contents, and possesses large distinct nuclei. The cells of this part

1 8ee Plate IT.

Portions of two transverse vertical sections through the kidney. — G. H.

1. Kidney of llaim esculmta, partial injection of the uriniferous tubes with silver nitrate

(Hartnack, Oc. I, Syst. 7).

II. Kidney of Jiana lemporaria, stained witli borax-carmine (Hartnack. Oc. 1, Svi-t. 7).
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Various preparations to show the structure of the uriniferous tubes, etc.

I. Three portions of the uriniferous tubes from Rana csculenta, from a natural injection with
sulphindigotate of sodium (Hartnack, Oc. I, Syst. 3).—G. H.

II. From the third part of a uriniferous tube ; short ciliated epithelium, borax-carmine (Hart-
nack, Oc. I, Syst. 7).—G. H.

III. A Malpighian corpuscle and capsule ; shows the capsule of two layers at a. After Duncan.
IV. Part of uriniferous tube after natural injection with sulphindigotate of sodium (Hartnack,

Oc. I, Syst. 3).—G. H.
V. Transverse section of one of tlie larger branches of the ureter, from Rana esculenta (Hartnack,

Oc. I, Syst. 7).—G. H.
VI. Epithelial lining of the ureter itself while still in the kidney (Hartnack, Oc. I, Syst. 7).—G. H.
VII. Portion of a uriniferous collecting-tube from section in Fig. 217 I, stained with silver (Hart-

nack, Oc. I, Syst. 7).— G. H.
VIII. Renal epithelium ; a to 6, tubulus contortus ; & to c, third portion of uriniferous tube ; c to d,

fourth portion of tube. After Heidenhain (enlarged 210 times).
IX. Ciliated cells of the neck, after Duncan.
X. Isolated rod-cells of Triton lacniatus, after Heidenhain.

XI. Isolated rod-cells, after Heidenhain (enlarged 300 times).

XII. Isolated cells of the neck, after Heidenhain (enlarged 210 times).

Xlir. Portion of the fourth part of a uriniferous tube, after Heidenhain (enlarged 300 times).
XIV. Ciliated epithelium of tubulus contortus, after Tornier (magnified 550 times),

XV. From kidney of Rana temporaria, after Spengel.

a Uriniferous tube opening into seminiferoiis duct.
I) Dilated seminiferoiis duct cut longitudinally.

c \?lr efferens cut transverselv.



336 THK rRlNO-OENITAI. SYSTEiM, THE ADRENALS, ETO.

of the kiduev are usually inoiv or less coloured with a i^-olden-

yellow pii>-uieut. Aiionliuii- to Tornier it hears short cilia (Fig-.

21 8 XIV).

The thin! portion corresponds with the narrow limh of Henle'ii

loop; it is lineii with eiliattHl epithehum (Fi^;-. ^uS A'lII, d to r),

similar to that in the neck of the tnhe.

The fourth portion (Flo^. 218 Y III, c to </, and XIII) repre-

sents the wider limh of Henk^'s loop. It has a winding- eourse

in the ventral part of the kidney, and then ascends dorsally to

open into a eollectino--tnbe. The fourth part of the tube is lined

with a short, columnar epithelium (Fig-. ai8 A'lII, c to d), which

has a clear, I'uticular, free bonier, larg'e nucleus, and a peeuliar

ari-ang-ement of the protoplasm, which shows a rod-like structnre

(:Figv. 21 8 XI).

The collect ing'-tnbes course transversely near the dorsal surface

of the kidney (Fig*. 217), and the nriniferous tubes meet them at

rig'ht-ang-les. They are lined with a short ]>olviional einthelium

(Figv. 218 VII).

The peritones»! funnels of the kidney ^nephrostomes^. Spengel, Meyer, and
Hortiuann desoribo these funnels as existing in the frog ; acooriiing to them they

open on the ventral snrtV.oe by narrow apertures, and eaoh is connected, by a vertical

tubule, with tlie fourth jvsrt of the uriuiferous tul>e ^SpengeD, but according to

Nussl\sum, with the neck of the tube. Accoi-ding to Spengel and Meyer the number
of tliese funnels is in Kaua from J50 to 360.

Acconiing to AViedersheim the funnels hang free from the ventral surface like so

m.<»iiy jij^rasites att:iched by tine filaments, and do iiof open on the surface.

Heidenh.ain (Arvh. f. niik. Anat., Vol. X^ was unable to find these organs.

Being unable to find any trace of these organs in the kidneys of either K. tempo-

rari» or K esculeuta, in micn^scopic sections or in teased prejxirations, I inserted

cauulae int\^ the ureters of botli male and female specimens of both species, and
injected iJie nriniferous tubes with a solution of Berlin blue. Although the tubules

were, in some cj»*es, completely injected, in no case could I find any trace of a

peritoneal funnel, nor was there any escape of the solution from the kidney as would

be the case if the funnels were oj>en and communicated with any part of the nri-

niferous tubes. Even when the pressure was increased to the exT<?nt of a column
of 35 cm. high of the injection-mass, no escape took jilace fh^m tlie surface of the

kidney, though in numerous e.<ises the nriniferous tubes were ruptured by the abnor-

mally high pressure.

Properly dissected fi\igs were placed in o-6 '^

, sodium cliloride solution, in which

finely divided gamboge w.-ts suspende<.i. Xo trace of ciliary action was, in .\ny ciise,

found on either surface of the kidneys.

One m.sy therefore conclude thai if the j^eritoneal funnels exist in the adult frc^

{1) they are very difficult t<> find : ^j' they do not form a free communicating path

between any jiari of the uriniferous tubes and the abdominal cavity
; (3^ their

superficial terminations have no free cilia. As before stated I have found no

trace of anv such organs.
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The lobules of tlio kidney. AVlion treated witli ])r()j)er rea<^'onts

the kidney sliows a marked tendency to separate into lolndes (V'vj;.

219 I)-

The lymphatics of the kidney (Fi^". 216 III ') form an irrej^ular

network of fine canals witli eh)n<^ated meshes. They nin ehielly

in the direction of the blood-vessels. The lar<;e vessels, which

supply the kidney, are surrounded by larj^e lymphatics.]

The nerves of the kidney (Fij^-. 219 II)'. Little is known of

these. Nerve-tibres have been traced alonj^side the lar<^er blood-

vessel throui»h the o^reater part of the kidney.

K. '^riie ureters.

a. General description. In tlie m:iles tlie ureters are, at the

same time, the seminiferous ducts, J*]ach ureter commences on the

dorsal surface of the kidney by bifurcating branchi's, which are

continuous with the collecting-tubes of the kidney. In the anterior

two-thirds of the kidney the ureter is wholly on the dorsal surface;

at the junction of the middle and posterior thirds it winds round to

the oiiter border of the kidney (Fig, 214 Ur), and there lies in a

groove accompanied by the renal ])ortal vein (Fig. 220 f'r and la),

the two organs being intimately attached to the kidney sidjstance

and enclosed by the fibrous capsule (Bf/).

This portion f)f the ureter possesses a spindle-sliai)ed enlargement,

which represents the liccepfacvluui Hanin'iH. In Unna (ctiqtornrïn the

Receptaculnm seminis forms a large saccular dilatation.

In its further course the ureter runs backwards and slightly

inwards, converging with its fellow of the opposite side; the ureters

lie free in the abdominal cavity, and terminate by two openings

placed side by side in a groove on the dorsal wall of the cloaca

(Fig, 2i4'^,'S'i),

In females the ureters are intimately attached to tlie dilated

oviduct, immediately after leaving the kidney; tliey pursue a

similar course to those of the males, but are attached to the oviduct

in the whole of their course to the cloaca,

b. Minute structure. Tlie ureter is a tube composed of connective-

' See Plate II.

Twii i)ortiiins fr<ini a gold inejaration nî the kidney of Htinn cxnili'iilti. -('•. H.

I. Showing tlie tendency to «plit into lobnlea,

II. Neive-fibies accorajKinying the l>Iood-ve.i«el«.

a liliKxl-veiktelM.

b Xerves.
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Fig. 220.

— : Bo-

tissue and involuntaiy muscular fibre, and lined with a mucous

membrane. The mucous membrane is thrown into longitudinal

folds, and consists, in the larg-er tubes, of two or three layers of

e])ithelium (Fig. 218 V), that on the

free surface is columnar; the deeper

cells being rounded or polygonal.

The larger branches of the ureter are

lined with columnar epithelium (Fig.

2] 8 VI), with small intervening cells.

In some parts of the branches the

columnar epithelium bears short cilia.

Xo glands have been found in the

ureter or liecepfacnhim seminis ; in

Hana iemporaria, however, the Hecep-

iacidvw. feminist possesses large, branch-

ing mucous glands (Wiedersheim).

C. The bladder,

a. G-eneral description. The uri-

nary bladder (Fig. 1 85 IIB) is closely

attached to the ventral wall of the

cloaca and is easily distended from

that organ. In relation to the animal

it is of very large size ; in consequence

ol its being contracted in the middle

it has two lobes, which may be of unequal size. The organ is

somewhat heart-shaped (Figs. 184 and 185), with the narrow neck

attached to the cloaca, into which it ojoens by a smaller aperture on

the ventral surface. The aperture is surrounded by a small fold of

mucous membrane.

b.
I

Minute structure. The urinary bladder is bounded by a

thin, transparent wall, lined internally with mucoiis membi'ane, and

covered externally by peritoneum.

(i) The muscitlar coat is formed of a network of fine bands of

unstriated muscular fibre (Fig. 221 ); it is supported and completed

by a connective-tissue layei", rich in connective-tissue corpiiscles and

yellow elastic fibres.

(2) The peritoneal coat is a sing^le layer of endothelial cells

derived from the peritoneum and resting on a very thin layer of

subperitoneal tissue.

Transverse section of the kidney
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(3) The mucous coat is formed of epithelium resting- on a layer of

loose, areolar tissue. Tlie epithelium (Fig-. 221 I, II, and IV) is

Fig. 221.

Various preparations from the bladder.

1. Silver preparation of the mucous membrane ; seen from tlje surface. After List (enlarged

400 times).

a Cells of the stirface.

d Goblet-ceUs.

<• Young ceUs.

11. Vertical section of the mucous membrane ; after List (enlarged 600 times).

a Cells of upper layer.

h Cells of middle layer.

y c Cells of lower layer.

III. Large multicellular ganglion ; after Wolff.

IV. Vertical section from a silver preparation of the mucous membrane ; after List (enlarged 600

times).

a Upper layer.

6 Middle layer.

c Lower layer.

d Goblet-cells.

V. Small ganglion of bladder ; after Wolff.

a Non-meduUated nerve-fibre leading to ganglion.

b Process of a ganglion cell.

arrang-ed in three layers : the cells of the uppermost (II and

IV^ a) always present a flat or convex border to the cavity of the

organ ; seen from their free surfaces (I) they have polyg'onal out-

lines intermixed with round apertures belonging- to goblet-cells, the

remaining surfaces of these cells are serrated. The cells of the

middle layer (II and IV, ù) are polygonal in outline, they are not

so tall as the cells of the layer above ; all their borders are serrated.

The cells of the deepest layer (II and IV, c) are more or less pointed

above where they project between the cells of the second layer ; their

lowest surfaces are flattened towards the subepithelial tissue, and

all their surfaces are serrated.

z 2



340 THE UEINO-GENITAL SYSTEM, THE ADRENALS, ETC.

The cells of all three layers possess a cell-wall^ and finely gran-

ular contents^ and each cell has a larg-e oval nucleus (List).

The goblet-cells (Fig. 221 I and IV^ d) vary very much in shape;

they are always more or less roimded in outline : they vary greatly

in size (from 1 90 /[x to 54 ju in length) ; some possess ' feet ' or basal

prolongations, in others these are absent. They usually open freely

by rounded apertures on the surface of the mucous membrane,

but are sometimes closed. The nucleus is placed towards the base

of the cell and surrounded by a smaller or larger amount of proto-

plasm. These cells usually extend into the middle layer of the

epithelium, and they probably constitute unicellular mucous glands

(List).

(4) The blood-vessels of the urinary bladder (p. 235) are very

numerous and run in very tortuous courses ; they are accompanied

by large lymphatics and by nerves.

(5) The nerves of the urinary bladder (p. 191) are of both medul-

lated and non-medullated fibres, which course together towards

their points of distribution ; the non-medullated fibres are, however,

much more frequent than the medullated fibres (Wolff).

The non-medullated nerve-fibres stand in close relation with the

nerve-ganglia of the bladder. These ganglia may be unicellular, or

composed of groups of nerve-cells ; the cells vary considerably in

shape, round, oval, triangular, and other forms being equally

frequent in their occurrence ; to some extent the form appears to

depend upon the number and position of the processes of the cells.

The diameter of the cells varies from 0*05 mm. to o*i mm.; the

nucleus has a diameter of 0*025 nim., that of the nucleolus measures

0*005 IÏ1ÏÏ1- (Wolff).

The cells may be unipolar or multipolar ; the former are however

rare. The processes of these cells supply the muscle-fibres (Fig.

221 V, a), and other non-medullated processes connect the cells

with the nerves (V, b (Wolff) ).

The number of muscular fibres is far in excess of the number of

the fibres of distribution of the ganglia ; Wolff hence concludes

that the nervous impulse may pass from one muscle-fibre to

another.]
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II. THE REPRODUCTIVE ORGANS.

A. The male reproductive organs are the testes and their

ducts.

a. General description. The relations of the testes have

ah'eady been given (p. 234) ; the organs vary much in shape

and size in different individuals and with the different seasons;

when greatest they are spherical^ or of a rounded oval form, occasion-

ally cone-shaped or pear-shaped. The surface of the testes is not

Fig. 222.

II.

The male reproductive organs (enlarged).

CC Vasa efferentia within the kidney.

H Testis.

LL Collecting-tube at inner border of kidney.

N Kidney.

Ne Vasa eflFerentia witliin the mesorohium.
Ur Ureter.

tt Vasa efferentia ending blindly.

smooth, but presents a series of convexities, each corresponding

to a lobule of the gland. At the Jiilus on the inner border the vessels

pass to and from the organ, and the Fasa eferentia leave the testis.

The number of Vasa efferentia (Fig. 223 I and II) is subject "to

considerable variation, not only in different animals, but on the

two sides of the same animal. In some cases these ducts form a

network (I), in other cases this is absent (II) ; usually the ducts



342 THE UlilNO-GENlTAL SYSTEM, THE ADRENALS, ETC.

bifurcate at acute angles, just before entering the kidney. Most of

the tubes so formed open into the collecting-tube ; a few, however^

Eig. 223.

// o-

-r

III

Various preparations from the testis.

Various stages of the spermatozoa ; from testis of Rana temporaria. After Neumann.

Section from testis of liana esctiknta (Hai'tnack, Oc. I, Syst. 7).—G. H.

a Thin connective-tissue capsule.

b Trabeculae.

c and d Seminiferou.s tubes.

From testis of Rana temponiria. After Xeuniann.
X Rounded epithelium of seminiferous tubes.

y Spermatoblasts.

IV. Surface view of seminiferous tube of Rana temporaria. After Neumann.
a Granular protoplasmic feet of spermatoblasts.

6 Rounded epituehum,

end blindly in the mesorchium (I, t)- The course of the T'asa e^'ereniia

from the testis is first inwards, within the mesorchium ; on reaching

the kidney they curve dorsal wards between that organ and the
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corresponding- testis : the duets then travel in the ventral surface

of the kidney towards its inner border, where they open into a

long-itudinal canal (Bidder), (Fig-. 222 I, L). Just before their

terminations each duet has an enlargement (I, C), the exact import

of which is unknown (see also Fig. 218 XV).

The collecting-tubes open into the ureter at the hinder extremity

of the kidney.

b. [Minute structure. The testis possesses a thin connective-

tissue capsule vuiderneath its peritoneal covering (Fig. 223 II, a);

this sends in trabeculae
(Jj)

towards the centre of the organ, and so

encloses the separate lobules. Each seminiferous tube arises from an

elongated irregular sinus placed towards the middle of the organ
;

the tubes (e) are slightly convoluted in their course towards the

periphery, near which they branch (Spengel). The tubes are from

0"i6 mm. to 0'i2 mm. in diameter (Kolliker), and are lined with

two kinds of cells (Fig. 222 III); the cells [x) nearer the periphery

are rounded and have large rounded nuclei, the diameters of which

vary from 0"0i3 to 0'02 mm.; these again possess large and

distinct nucleoli. The other cells {1/) are of elongated, spindle-

shaped form; and have oval nuclei, with an average length of

o*oi6 mm. and an average breadth of 0*005 mi^i. (Neu^mann).

The rounded cells lie in groups which vary in thickness and

arrangement, and are often compressed so as to have polygonal

outlines. The spindle cells are arranged so as to radiate from the

lumen of the tube to the periphery, at an angle which varies from

45 to 90 degrees ; these are the spermatoblasts.

The various changes which the spermatoblasts undergo in the

formation of spermatozoa will easily be understood by reference to

Fig. 223 I, a to k, where i and k rejjresent the fully developed

spermatozoa. These have three parts, head, middle part, and tail,

the respective lengths of which in the two species are, according to

Neumann, the following :

—

Head. , Middle part. Tail.

Rana esculenta 0-0140 mm. 0*0025 iïi^ïî. 0*040 mm.
Rana temporaria o-co66 „ 0*0330 ,, 0*045 m

At the hilus of the testis the rounded cells of the seminiferous

tubes are gradually modified to form short cylindrical cells (o*oi

mm. long and o*oo6 mm. broad), the spindle cells being absent

(Neumann). The Vasa eferentia are also lined with a similar

columnar epithelium (Spengel).]
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Fig. 224.

B. The female reproductive organs.

The position of these organs has ah-eady been given (p. $^5)-

I. The ovaries.

a. General description.

Each sac-Hke ovary (Fig-.

224) is subdivided by thin-

walled septa into numerous

complete chambers, to the

inner walls of which the

ova are attached. The

walls of adjacent sacs are

intimately attached to each

other, and the subdivision

corresponds with the ex-

ternal lobulated appearance

of the organ. According

to Spengel the number of

lobules is about fifteen

(Rathke nine to thirteen,

Brandt nine). Whether

this segmentation of the

ovary corresponds with the

segmentation of the body

has not been determined

(Spengel). No part corre-

sponding with Bidder's

organ has been found in

J^aua esculenta.

During the breeding

season the ovaries undergo

an extraordinary increase in

size so as to occupy the

greater part of the body-

cavity and to displace the

other viscera. The ovaries

are entirely surrounded by

peritoneum.

b. Minute structure. [The layer of peritoneum covering the

ovary possesses cilia (Thiry), the ciliated cells being arranged in

isolated patches (Schweigger-Seidel,AValdeyer) on the ventral surface

of the organ, and on the mesovarium ; these patches are some-

The feiH.ile reproductive organs ; the ovary of the right

side has been removed.

y Kidney.

0. 7'. Opening of the oviduct into pieuro-iJeritoneal cavity.

Ov Oviduct.

Ova Ovary.

P Opening of oviduct into the cloaca.

jS, .51 Openings of the ureters.

Vt Dilated liinder portion of the oviduct.

t Groove in which ureters lie.

* Fold in groove separating the oiieninL's of the ureters.
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times united by very fine connecting' lines of ciliated epithelium ;

the ciliated epithelium is always sharply marked off from that

surrounding" it (Kolessnikow). Under the peritoneum is a thin

layer of connective-tissue, which is prolonged inwards to form

the septa above-described. To these septa are attached the ova.

Between the connective-tissue layer and the peritoneum are

isolated patches of germinal epithelium (Fig. 225 IV); these are

easily distinguished, by the rounded outlines of their cells, from the

surrounding ^epithelial cells (Waldeyer, Kolessnikow). These

patches of germinal epithelium measure from 0'093-o*i86 mm.
in diameter; the germinal cells average o-oi 39-0*0232 mm. in

diameter (Kolessnikow). The patches are most numerous on the

outer sui'face of the ovary, and particularly so near the mesovarium.

The follicles contained in the ovary have a connective-tissue coat

developed in a manner similar to that of higher animals; the

primordial ova which they contain have large nuclei (0*0325 nun,).

The epithelium of the follicles has an average diameter of 0*0232-

0*0325 mm. (Kolessnikow).

Schnitzels description of the ovaries (/. c.) varies considerably

from that of Waldeyer and Kolessnikow. Briefly he describes the

ovaries as a series of sacs separated by and lined externally and

internally by endothelium ; between these two layers are found

the germinal epithelium and follicles: the structures being held

together by an extremely minute quantity of connective-tissue.]

II. The oviducts.

a. General description. In young animals the oviducts are

quite straight, thin-walled, and of small calibre. During the

breeding season, however, they undergo an immense increase in

size, and become much convoluted ; in this state they are forced in

between the other abdominal viscera, and usually cover the whole of

the kidneys, and sometimes even part of the ovaries (Fig. 224 Ov).

The openings of the oviducts into the pleuro-peritoneal cavity

(p. 304) are semilunar slits, directed inwards and lined with ciliated

ej)ithelium (p. 306).

Immediately behind this opening [Ostium, ahdumnale) the ovi-

duct is contracted, and is there narrower than in the rest of its

length; beyond this it expands, and then retains an even size

nearly to its hinder extremity, where it suddenly expands (Fig.

224 Ut). This dilatation gradually diminishes in size as it pro-

ceeds backwards towards the cloaca, into which each tube opens on

a small papilla. The dilated portions of the tubes lie close together,
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but do not communicate with each other ; the opening- of the right

tube is always slightly behind that of the left side (Fig-. 224 P).

From the papillae, into which the oviducts open, a fold of mucous

membrane extends backwards on the dorsal surface of the cloaca to

meet its fellow of the opposite side at an acute angle (Fig. 224 *).

The orifices of the ureters are placed within these folds.

b. Minute structure.

(i) The tubular portion of the oviduct has three walls:

a peritoneal covering with sub-peritoneal tissue (a); a glandular

layer
(Jj) ; and an epithelial lining (c). Of these the glandular

layer forms by far the thickest layer^ especially during the

breeding season, when it is much increased in thickness. It

consists of long cylindrical glands, often bifurcated at their blind,

peritoneal ends. The epithelial cells, with which they are lined,

m
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III.

©

Preparations from ovary and oviduct.

Ciliated epithelium and goblet-ceUs of the oviduct ; after Neumann.
Isolated goblet-cells and secretory cells from oviduct ; after Neumann.

a, b, c Goblet-ceUs.
d, e, f Secretoi-y cells after treatment with Miiller's fluid.

X Stoma of secretory cells.

Surface view of the ovary ; after Kolessnikow.

a Peritoneal endothelium.
6 Gcrmiu il epithelium.

have the power of absorbing more than a hundred times their own
weight of water (Boettcher). This layer is absent at the anterior

opening of the oviduct.
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The cells have an average diameter of 0"0I2 inm., the lumen of

the individual g-lands O'l mm. (in spirit-hardened specimens^ Neu-

mann). The cells contain small rounded bodies of very varying-

size^ which may exist singly, g-rouped, or even arranged in rows
;

they swell on the addition of water. Each cell possesses^ in addition,

an oval^ granular, distinct nucleus. When treated with Muller^s fluid

many of the secretory cells have the appearances shown in Fig. 225

II, (1, e, f; they each possess an opening (r),(Xeumann).

According to Neumann the great power of absorbing water,

which the oviducts possess, is due to the presence of these bodies,

which he names ' colloid granules.^ The mucous secretion of

these glands passes into the oviduct and surrounds the eg*gs on

their passage towards the cloaca : it is due to this secretion that the

egg-spawn is so extremely slippery and difficult to handle.

The inner surface of the oviducts is lined with a ciliated, columnar

epithelium (Fig. 225 I), containing numerous goblet-cells (I and II).

(2) The dilated portion of the oviduct has much thinner walls

than the anterior, narrower portion ; the glands cease abruptly at the

junction of the two parts. The outer coat also contains unstriated

muscular fibre ; the inner surface is lined with ciliated epithelium

similar to that of the anterior portion.

The lymphatics of the oviducts form a net with polygonal

meshes on their outer surfaces ; from this branches pass inwards in

the spaces between adjacent glands to the inner surface, where a

network with elongated meshes is formed (Langer).

C. [The Cloaca.

a. General description. The cloaca is a short tube lying

beneath the urostyle ; anteriorly it receives the openings of the

ureters, rectum, and bladder; and in the female the openings of

the oviducts, in addition : posteriorly it terminates at the anus.

b. Minute structure. The cloaca is lined internally with a

mucous membrane resembling that of the rectum, e.g. a simple

layer of columnar epithelium, which rests on a submucous, areolar

layer.

The outer walls consist of a thick superficial, longitudinal mus-

cular layer, and a deeper, ill-developed, transverse muscidar layer.

c. Special muscles of the cloaca.

(i) The M. sphincter aid surrounds the end of the cloaca from the

anus to the tip of the urostyle. It consists of striated muscle.
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(2) The M. compressor cloacae arises from the tip o£ the urostyle,

and is inserted into the hinder end of the rectum; it is also

attached to the symphysis of the iliac bones ; from this point a few

fibres j)ass to the anus (Hoifmann).]

III. THE ADRENALS.

a. General description.

Fig. 226.

Cv Ao

The male uiino-genital organs.

Ao Aorta.

CI Cloaca.

Cv Inferior vena cava.

FK Pat-body.

N Kidney.

S, Si Openings of ureters.

T Testis.

Ur Ureter.

Vr Renal veins.

t Appearance of ureters on the ven

tral surfaces of kidneys.

The adrenals are small yellow bodies

attached to the renal veins on

the ventral surface of the kid-

ney, towards its outer border.

b. [Minute structure. The

superficial layer of the adrenals

consists of solid, rounded, or

elongated grovips of polygonal

cells, containing numerous fat-

granules; these represent the

cortical substance of the corre-

sponding organs of higher ani-

mals. The medullary part is

present only in small quantity;

it consists of small groups of

polygonal cells, placed between

trabeculae of connective-tissue
;

both trabeculae and cell-groups

are covered with an endotheliimi

.

The whole organ is surroundea

by a connective-tissue capsule,

which sends in trabeculae to

support the parenchyma (Hoff-

mann).

No nerves have been traced into

these organs (Eberth).]

IV. THE FAT-BODIES.

a. General description. The fat-bodies (Fig. 226) are bright

yellow, lobulated bodies, placed in front of the testes and ovaries

respectively. The greater portion of each organ lies parallel to the

long axis of the body, and from its anterior, posterior, and external
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borders are g-iven off fing-er-like processes ; these may divide dicho-

tomoiisly either near the base or more peripherally. The external

processes are much the longest^ and in the male often conceal the

greater part of the testis (Fig". 236 FK). The organs vary greatly

in size with the season of the year.

Fig. 227.

Two prepiiiations from the fat-body of Rana esculenta 1.—G. H.

I. Section of fat-body, stained with borax-carmine (Hartnack, Oc. I, Syst. 7).

6 Fat-cells,

c Adenoid tissue.

II. Tliree lobes of fat-body of Rana esculenta ; coai'sely injected (Hartnack, Oc. I, Syst. 3).

Arteries striped. Veins shaded.

b. [Minute structure. Each organ is completely surrounded by

peritoneum, under which is a very fine layer of connective-tissue.

The interior of the organ (Fig. 227 I) consists of large fat-cells

with small patches of adenoid tissu.e interspersed. The organs are

extremely vascular; each lobe has a main artery which gives off

lateral branches : each of these immediately divides to form two

vessels, which run in opposite directions and almost parallel with

the main stem ; the vessels then break up into a fine network of

capillaries.]

' From specimens collected in November.
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THE SKIN AND THE SENSE-ORGANS.

I. THE SKIN AND ITS APPENDAGES.

of the cutis vera or

Fig. 228.

A

The g-eneral characters and the colourino" of the skin have ah'eady

been described (pp. 4 to 7). The skin consists

corium, and the cuticle or epidermis, and

is possessed of numerous glands.

a. The epidermis (Figs. 228, 230) con-

sists of several layers of epithelial cells,

those of the deepest layer being- more or

less columnar in form, those of the middle

layer shorter and polygonal, while those of

the superficial layer are flattened, very

transparent, and horny.

All the surfaces of these cells are serrated,

the serrations being, however, with diffi-

culty seen on the free surface of the super-

ficial cells (Leydig). Each cell has a

distinct nucleus ; in the deeper cells the

nucleus is oval, broad, and rounded, in the superficial cells flattened

and thin.

The surface of the epidermis (Fig. 230) forms a very beautiful

mosaic of flat cells, chiefly hexagonal in form, with pale, cen-

tral, oval nuclei. Here and there two adjacent cells appear to

enclose a semilunar space (Fig. 228 I)); these spaces are occupied

by peculiar cells (goblet-cells, E. Schultze; mucous cells, Leydig),

which do not belong to the superficial cells but the layer of cells

immediately beneath the horny layer (Schultze, Pfitzner). The

cells are rounded or flask-shaped, and closely resemble the epithelial

goblet-cells or chalice-cells. According to Rudneff they open on

the free surface by stomata ; this is, however, denied by Schultze

and others.

Vertical section througli the epi-

dermis from the head of Raiia

excuk'iita ; after F. E. Schultze.

M.agnified 600 times.

A Horny layer.

li Middle layer.

C Deep layer.

D Isolated mucous-cells.
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According- to Pfitzner these cells secrete a substance, which has

Fig. 229.

P P

Vertical seotion througli tlie skin of the back ; after Wiedersheim.

Co Superficial layer of cutis.

Co^ Middle layer of cutis.

Co'^ Deep layer of cutis.

Z) Cutaneous glands.

iA Uucts of cutaneous glands.

Ep Epidermis.

H Horny layer of epidermis.

P Pigment-cells.

W Papillae.

an important function in connection with the process of easting- the

skin, which consists in the separation of the upper layer from that

Fig. 230. Fig. 231.

JkC

Surface view of epidermis of Rana tcmporarla
;

Nerve terminations in the branched pigment-cells

after Ebertli. of the cutis; after Ehrmann. Hartnack, Obj.

A Epidermal cell. '
'

^'

li Stoma-ceU. I. Pigment ceasing abruptly at junction of

C Attached cuticle from duct of gland, nerve.

i> Protoplasm and nucleus of stoma-ceU. II. Pigment gradually ceasing along the nerve.

below brings about a complete shedding of the skin (Wiedersheim).
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[The horny layer is, for the most part, very thin, as it consists o£

one or two layers of flattened cells only (Sehultze), but in some

situations, as on the back and especially on the under sui'face of the

toes, it is much thickened, and is then rough.

Deeply pigmented, branched cells, capable of contractile move-

ments, are also found, somewhat sj)arsely distributed, in the epi-

dermis (Lcydig, H. Millier, Sehultze).]

b. The cutis (Fig". 229, Co, Co^, Co^). The ej)idermis is generally

attached to the corium by means of a continuous layer of branched

cells, which is deej)ly stained when the animals are fed wàth

madder (Katschenko). Many of these cells are pigmented. This

layer is seldom flat, but is raised into papillae and folds, which are

repeated by the superimposed ej)idermis. In addition to this layer

the coriimi has, except in the webs and supplemental toes, three

distinct layers of connective-tissue, together with much unstriped

muscle-fibre (Eberth).

The superficial layer (Fig. 229 Co) is a loosely-meshed, much
pigmented, vascidar layer ; it forms a loose support for the nu-

merous glands, and is traversed by numerous nerves.

The middle layer {Co^) forms the groundwork of the cutis; it

is much firmer and more comj^act than the suj)erficial layer ; in

section it appears as a broad band, bounded superficially by a sharp

line. It is chiefly composed of closely packed connective-tissue

fibres, which have, for the main part, a horizontal or wavy course
;

at certain points, however, vertical fibres are seen passing towards

the surface and hiding the sharp contour (between Co and Cc?-). At
such points the two sets of fibres form a sort of basket-work

arrangement.

The deepest layer (Fig. 229 Co~) is composed of very delicate,

white and yellow elastic fibres, and vessels and nerves ; it attaches

the whole integmnent to the underlying argans. By the looseness

of its structvire it forms an important lymph-space.

[The muscle-fibre of the cutis is very unevenly distributed. It is

found somewhat freely in the region of the back, the dorsal surface

of the head, and the neck ; less freely on the dorsal sm-faces of the

extremities, very sparsely on the abdomen, breast, and ventral sur-

faces of the extremities ; in the feet it appears to be absent

(Eberth).

The pigment of the skin. As already mentioned pigmented cells

Bb
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occur in the epidermis, but by far the greater quantity of the cuta-

neous pigment is found in the cutis, and more especially in the

loose layer of branched cells, which form the boundary between

epidermis and true cutis. These cells, known as chromatophore-

cells, have been carefully investigated by Harless. They play an

extremely important part in bringing about the well-known

changes in the colouring of the skin. Bimmerman has proved

that these cells are influenced by stimulation of the nerves

supplying the region in which they occur. Ehrmann has been

able to trace a direct connection between the nerve-fibres and

the pigment-cells (Fig. 231 I, II). In such cases the pigment was

sometimes sharply marked off, at others was gradually lost along

the nerve.]

c. The papillae and ridges of the skin are classified by Leydig

as follows: (i) Small ridges, (2) larger ridges, (3) papillae ^vath

touch-bodies, (4) papillae without touch-bodies, (5) papillae with the

ducts of glands, (6) capillaries in the form of papillae, (7) small

elevations, including the lateral organs.

[All these structures are derived from the cutis, the epithelium

above simply repeating the elevation, and being itself either not

increased in thickness or only to a slight degree. (For further

description of some of these papillae, see Organs of Tactile Sensation,

p. 380.)^
^

•

Peculiar wart-like papillae are found on the articulations of the

first phalanges with the metatarsus, on the same articulations and

on the articulations between the first and second phalanges of the

third and fifth toes, and on the articulations between the first,

second, and third phalanges of the fourth toe. These papillae are

connected with the long flexor tendons by fine tendinous bands

(Klein).

Temporary papillae are developed in the females o{ Fana temporaria during the

breeding fseason ; according to O. Huber (/. c), who has described them, their distri-

bution and structure is as follows :

—

During the breeding season the skin of the sides of the trunk of female specimens

of Ra7ia temporai-ia is rough ; the small elevations, to which this roughness is due,

are each about the size of the head of a pin, and have the appearance of small,

rounded, white or pale rose-coloured, warty growths. The papillae reach their

greatest development and are most numerous on the sides of the trunk (Fig. 232 I)
;

they may be traced on to the tympanic membrane, where they are arranged in a ring,

and in some cases under the eyes to the sides of the snout.

Anteriorly the papillae are absent from the median portion of the dorsal surface of

the trunk, but posteriorly, behind a line joining the anterior extremities of the two

iliac bones, the papillae cover the wliole surface.
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The papillae are large and very numerous around the arms, and pass by gradual,

transitionary stages into the ordinary papillae of the region. Further they may be

traced backwards along the anterior or extensor surface of the thigh, the upper surf?»ce

Fig. 232.

//

: 4

--a>»Po-»,ii,"TN2tiA? .'^ ''-'(!; /-•'of

I. Diagram to show the distribution of tlie temporary papillae in Kavui

temporaiia ; after Huber.
II, III. Vertical sections tlnough a temporary papilla ; after Huter.

of the leg, foot, and fifth toe. Occasionally a few papillae were found on flexor sur-

faces of the third and fourth metatarsus, and very rarely were any discovered on the

fore-limbs. They occur in uo other batrachian of Germany (Huber).

Each papilla (Fig. 232 II and III) consists of a heniispherical elevation of the

cutis, and is covered either by a layer of normal epidermis or in seme very rare cases

the epidermis was slightly thickened. The papilla consists of a firm connective-tissue

stroma, and is from o'2-o'4 mm. in height, o'4-o'5 mm. bread (after hardening in

alcohol). Such glands as exist in the papilla usually open laterally (Fig. 232 III),

and the blood-vessels are numerous.

B b 2
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The epidermis covering the papilla is well supplied with nerve-fibres, derived from

large ganglion-cells in the papilla (Fig- 232 III). The branched pigment-cells, so

numerous in the rest of the skin, are absent from the upper parts of the papillae

(Fig. 232 II) ; the pigment-cells may cease either abruptly or gradually.

The rose-colour of the papillae is due to the presence of a golden red pigment.

After the breeding season the papillae are gradually lost, and the pigment-cells

wander into the unoccupied parts.

Huber compares the arrangement of the nerves to that of the ' touch-spots ' of

Merkel.

d. The glands of tlie skin are of two kinds, serous and mucous
;

they have been fully described by Eng-elmann and Openchowski.

(i) The serous glands (Kornerdriisen, Eng-elmann) are large,

averaging- in diameter o* 2-0*4 mm., but others vary in size from

o* 1
3-0* 8 mm. in diameter. They are found chiefly on the dorsum

of the trunk and arranged in groups, which vary in dimensions

from 3—20 mm. in length and 2-4 mm. in breadth. They may be

found in any part between the ear-region and the anus, on the

dorsal surface of the thigh, especially towards the outer and inner

borders. They are found very sparsely distributed on the ventral

surface of the trunk and on other parts of the extremities, though

as a rule a few are found on the dorsal surface of the feet and near

the phalanges. They are wanting in the nictitating membrane.

The glands have a rounded form, with the ducts placed at their

superficial poles. The glands possess three coats ; externally is a

coat of connective-tissue, the fibres of vv^hich are arranged closely

together, and cross one another at acute angles : these fibres are con-

tinuous with the connective-tissue of the surrounding cutis. Inside

this coat is a thick layer of muscle-fibre (o'005-o*oi5 mm.); the

muscle-cells are arranged meridionally, with the one pole towards

the superficial svirface of the gland, the other pole at the deep surface

(Hensche), Many of the fibres, however, extend only one-fourth or

one-third of this distance.

The innermost coat is a simple layer of epithelial cells, which

rests directly on the muscle-layer ; no basement-membrane or space

of any kind having been discovered between the two layers. When
examined in the recent state these cells are conical or cylindrical in

shape, and have the appearance of goblet-cells : they possess a

delicate but distinct cell-wall, but are open towards the lumen of the

gland. One or sometimes two rounded nuclei are found towards

the base of the glantl-, and surrounded by a small amount of gran-

ular protoplasm ; the rest of the cell is occupied by a mass of small,

rounded, highly refractive granules of about o*oo2-0'Oi mm. in
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diameter. These granules are also to be found in the protoplasm of

the cell ; they contain a substance capable of swellino- freely, and

present many points of resemblance to the granules found in the

cells of the oviducts.

These glands represent the poison-glands or lateral glands of toads, and the ear-

glands or parotids of Caecilia (Leydig). According to Leroux^, Gratiolet and Cloëz*,

the reaction of these glands in toads varies; according to du Eois-Eeymond^ the

reaction is, in frogs, acid ; Engelmann * found the reaction of these glands, in frogs,

to be neutral, frequently, however, with a tendency to either acidity or alkalinity.

These glands correspond with the ' large glands ' of Hensche, the ' contractile

glands ' of Stieda, the ' lai-ge, dark glands ' of Eberth, and the ' large contractile

glands ' of Leydig's earlier publications.

(2) The mucous glands are, as a rule, smaller, more numerous,

and more evenly distributed than the serous g-lands. Usually they

lie in such close proximity as almost to touch one another ; according

to Engelmann an average nimiber of sixty is found in one square

millimeter; on the abdomen 62-68 ; flexor surfaces of the postei'ior

extremities in some places 76, but in others only 30-40 ; on the webs

only 2-6 to the square millimeter. On the nictitating membrane

they are arranged in two or three parallel rows, are large, and closely

applied to each other. They are wanting on the deeper surface of

the nictitating membrane.

The glands are generally rounded in form and have a short neck

(Fig. 229). Glands in the recent condition, and not fully con-

tracted, have a diameter of p-o6-o-2i mm., the majority measure

0*i2-0'i6 mm. in diameter. The upper pole of the g'land is usually

placed directly under the boundary between epidermis and cutis,

and, as a rule, about 0"o6-o*i mm. beneath the superficial surface

of the skin. The duct usijally passes directly to the surface, in a

straight line.

The structure of the glands corresponds, in general, with that of

the serous glands. Externally is a coat of connective-tissue, which

is, however, more firmly attache 1 to the muscular coat than in the

case of the serous glands, and may easily be mistaken for a struc-

tureless basement-membrane ^ (Eberth). The muscular coat is very

thin, and consists of i6-2o flat, spindle-shaped fibres; extending

from the upper to the lower pole as in the serous glands. At a

• Journal de Médicjne, Vol. XI, p. 75.

^ Comptes rendus, 1851, Vol. XXXII, p. 582.

^ Untersuchungen tiber thier. Electricitiit, 1830, Vol. I, p. 17.

* Arch. f. d. ges. Physiol., 1852, Vol. V, p. 505.
'' Openchowski {I. c.) describes a basement-membrane.
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short distance (o'oi 5-0*022 mm.) from the upper or superficial

pole each fibre has an ellipsoid thickening-, composed of granular

protoplasm, and containing- a clear oval nucleus.

The inner coat is composed of a single layer of epithelium, placed

directly on the muscular coat. The epithelium has a thickness of

about o*oi-o*02 mm. ; it is, however, usually thicker towards the

base than towards the duct. The boundaries between the cells are

very indistinct, and so give the epithelium the appearance of a con-

tinuous layer of protoplasm. The glandular epithelium is not

directly continuous with the epithelium of the duct.

The shape of the cells depends upon their physiological condition.

In a state of semi-contraction of the gland, the cells are cubical, and

their free borders pushed into the lumen in a slight convexity;

when the gland is fully distended the cells are two or three times as

broad as deep ; in a fully contracted gland the cells are conical or

cylindrical. In the first-mentioned condition their diameter varies

from 0'Oo6-0'Oi8 mm. The larg-er g-Iands are estimated to possess

about 150 cells, the smaller only thirty to forty (Engelmann).

The cells appear to have no cell-wall, certainly they possess none

on their free surfaces. Their protoplasm distends very freely on

the addition of water. As a rule some cells are much more gran-

ular than others of the same gland ; each cell has a rounded oval,

clear nucleus, and vacuoles are frequently met with.

The lumen of the gland contains a colourless, transparent, watery

fluid, which contains mucous material.

The ducts of the glands are thick-walled cylinders, circular in

section. Their diameter varies from ©•02-o-o5 mm., their length is

equal to the depth of the superimposed epidermis. The wall of the

duct is lined with two or three concentric layers of highly refrac-

tive, nucleated cells. The cells are arranged parallel to the length

of the duet : in transverse section they are sickle-shaped or semi-

lunar. In the upper third or fourth of the duct the inner wall is

lined with a cuticle, very résistent to the action of acids or alkalies :

it is thrown off with the skin in the process of casting. In the horny

layer of the epidermis this cuticle is partially closed by a stoma-

cell (Eberth), (Fig. 230), which possesses a tri-radiate opening.

The glands correspond with the ' non-contractile glands ' of Hensche, the ' dark

and bright glands ' of Stieda, the ' glandule niezzane, piccole e piccolissime (ad epitelio

pavimentoso) ' of Ciaccio, and the ' small, dark, and medium-sized, bright glands ' of

Eberth.

e. The peculiarities oî the skin of the supplemental toe and
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webs. The sui:»plemental toe presents, in the male, a rounded, oval

swelling (Fig-. 234 I, I)), with the end of the digit projecting from
the distal end.

Normally this swelling is usually of a

grey colour; during the breeding season,

however, the swelling enlarges, and be-

comes of a black or deep brown colour

(Leydig).

The epidermis covering this swelling

(Fig. 233) is much thickened and produced

into projecting papillae. The cutis also

shows a marked thickening and an increase

in vascularity ; the glands are of the kind

described as mucous glands (Engelmann).

They present, however, an immense increase in size, and at the

same time are so closely applied to one another as to form

Vertical section tli rough the

epidermis of the supple-

mental toe of Rana escu-

knta ; after E. Schultze.

JIagnified 400 times.

Fig. 234.

II.

W W

Fore-foot of a male frog.

D Glandular swelling on the supplemental

toe.

JK Warty papillae on the iuter-pludangeal

joints.

Vertic;il section through the swelling on the supplemental toe

of a male frog.

B Blood-vessels.

Co Cutis.

D Glands.

Ep Epidermis.

M Muscles.

P Pigment-cells.

the main part of the enlargement (see also Organs of Tactile

Sensation).

In the webs the various layers of the corium are more or less
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fused tog"ether, and cannot be distinguished from each other ; the

glands are, as a rule, smaller than on the general surface of the

skin,

f. The blood-vessels and lymphatics of the skin.

(i) The blood-vessels of the skin are arranged in two networks
;

the one is situated immediately beneath the epidermis, and consists

of fine capillaries, forming a fine-meshed network, which enclose the

ducts of the glands. The meshes vary considerably in size and

Fig. 235.

The bluod-vessels and lymphatics of the skin ; after Langer. Arteries striped, lymphatics shaded.

I. Vertical section throngli skin of tliigh.

II. Horizontal view of arteries and lymphatics of the skin.

III. Peculiar tortuous arteries of the lamina inguinalis.

IV. Arteries and lymphatics of the web.

shape (Hyrtl and Langer), The second network of vessels is situ-

ated under the cutis ; the vessels forming it are small, and the

meshes formed are large. From this network vertical branches

pass to form the superficial network ; these branches usually course

along the strands of vertical fibres already described, and break up
to form capillaries only when they reach the deeper surface of the

epidermis (Langer), (Fig. 235 I).

In so)/!e situations, however, the vertical branches divide earlier
;

this is especially the case in parts where the glands arc very closely

packed, as in the nictitating membrane, the upper lip, and the
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swelling of the supplemental toe (in the male). In these parts the

division takes place at the deeper surface of the g-lands (Lang-er).

K. peculiar arrangement of the cutaneous blood-vessels is found in

the lamina inguinalis, where a chain of reddish points can be made
out with the naked eye; examined more carefully (Fig. 235 III)

each reddish point is foimd to be a complex loop of capillaries.

They extend from the skin to the hinder lymph-hearts, where they

form a close network which partially invests the lymph-hearts

(Langer).

(2) The lymphatics of the skin (see also p. 252), like the

arteries, reach the deeper surface of the epidermis by coursing along

the bands of vertical fibres; they then form a network of capil-

laries with rounded meshes (Fig. 235 I, II, IV ), and lying imme-
diately under the epidermis, and a network which surrounds the

various glands. The lymphatic-capillaries are as a rule larger than

the blood-capillaries. The lymphatic network lies beneath the

blood network, and the vessels of the two systems branch indepen-

dently (Langer),

In those parts where the glands are placed closely together this

arrangement is modified, and corresponds with the modifications

found in the blood-capillaries in these regions. The vertical branches

divide so as to form a network below the glands, and from this ver-

tical branches pass in the same direction between the glands to form a

secondary network on the superficial surface of the glands (Langer),

g. The nerves of the skin. The cutis is very richly supplied

with both medullated and non-medullated nerves. In the subcuta-

neous tissue the nerves destined for the skin branch freely to form

numerous fine twigs, which, without actually inosculating, form a

fine meshwork. From the larg-er trunks numerous vertical branches

pass vertically to form a secondary network, from which both coarse

and very fine twigs pass to encircle the glands. The fine fibres which

supply the glands are non-medullated and possess oval nuclei ; their

diameter varies from o-ooi-o"002 mm. The number of nerve-fibres

is not much smaller than that of the muscle-fibres (Eugelmann).

(See also Organs of Tactile Sensation.)]

XL THE ORGANS OF TACTILE SENSATION.
The organs of tactile sensation are the nerve-plexus of the epi-

dermis, the touch-spots of Merkel, the lateral sense-organs, and the

touch-corpuscles of the tendons.
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a. [The nerve-plexus of the epithelium is very incomplete as

compared with the plexus found in the epithelium of the cornea
;

here and there a few non-medullated fibres have been traced a short

distance between the epithelial cells. No such mode of nerve-

terminations in the epithelium as is described by Eberth and Macul-

lum in the tadpole can be found in the adult.]

b. The touch-spots. What knowledge we possess of these

organs is due to the labours of Leydig, Ciaecio, Eberth^ and more

particularly those of Merkel.

At the base of each papilla, which contains such a touch-organ,

is found a number of colourless, flattened cells, arranged either in a

single laj^er, or heaped up and connected with very fine nerve-fibres.

Fig. 236.

IL

^m

%

I. Lateral sense-oigan of tadpole of frog. Half-sclieniatic.

c Central zone (nerve-epithelium).

Ml Membrana liniitans.

p Peripheral zone (siistentacular cells).

R Hyaline tube.

II. Touch-corpuscle from the sheath of a digital tendon of the frog
;

after Lowe. Schieck, Oc. O., Obj. 9.

The flat surface of the cells is parallel to the surface of the body,

and they do not form a separate or circumscribed body, they are

therefore better spoken of as touch-spots than as true touch-bodies

(Merkel). The larger organs are found in the papillae, but smaller

ones may be found on any part of the skin.

These organs are best seen in the prominence or swelling upon the

supplemental toe during the breeding season; they are numerous

on the dorsal surface of the trunk, but occur most frequently on

the under surface of the hinder feet [Piaula jwdis). After the
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breeding" season the organs of the thumb undergo a retrogressive

change, which results in a network of spindle-shaped and branched

cells with fibres (Wiedersheim).

c. The lateral sense-organs attain their highest development in

the tadpole ; in the adult the organs have undergone a retrogressive

change, the result of which is that the organs are diminished in

size ; the whole organ sinks by the formation of a tube, which is

then closed by a mucous secretion, consequently the organ is

functionless : with this loss in function and change in position of

the organs a corresponding diminution of the ramus lateralis nervi

vagi occurs (Merkel).

Each lateral org'an(Fig. 236 1) consists of a slightly elevated papilla,

with the centre depressed, and in each may be distinguished a central

and a peripheral zone {o,p). The central zone consists of a group of

pear-shaped cells, with the narrower ends directed towards the free

surface ; each is connected below with a nerve-fibril, while above it

bears a short, stiff cilium. The cilia are enclosed in a delicate

hyaline tube (B), which is open superficially, closed by the papilla

below ; consequently the cilia are in direct contact with the sur-

rounding medium. The peripheral zone is a layer of pale, flattened,

cylindrical cells (/;) ; they possess, at their upper borders, a perforated

memhrana limitans {Ml), through which the cilia pass. These

cells serve as a support to the central cells, and are themselves

surrounded by ordinary epithelial cells.

The distribution and arrangement of the lateral organs is alike in fish and larval

amphibia. They are most numerous on the head, where they surround the eye, and

are continued forwards to the snout and on to the lower jaw. All these organs on

the head are in connection with the trigeminal nerve. A line of these organs passes

from the hinder part of the circumference of the eye along the gill-cover to the neck,

where the lines of opposite sides are usually, though not constantly, joined by a

transverse line of the same organs ; thence the lines are continued along the trunk to

the tip of the tail. In fish there exists, as a rule, only one pair of such longitudinal

lines {Linea laterali») ; in anura-larvae, proteus, and in all salamanders there are

three pairs : of these one pair lies near the vertebral column, the second at the

junction of the flank with the abdomen, and the third corresponds to the lateral line

in fish (Malbranc).

At an early developmental period each nietamere possesses one pair of such lateral

organs ; in later life, however, this simple arrangement is lost, and each segment

usually possesses a group of organs.

The organs of the trunk and tail are supplied by branches of the Ramus lateralis

nervi vagi. Both in fish and amphibia a reparative process, by means of fission,

occurs ; as a consequence the organs are found in various stages of development.

d. [The touch-corpuscles of Golgi and Lowe (Fig. 236 II) are

found on the joints of the digits. They are surrounded by con-
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nective-tissue and are spindle-shaped ; the two ends of the spindle

are glassy in appearance, the middle portion is fibrous. In the

thickest part of the corpuscle is a zone of nuclear bodies.

They are reg-arded as touch-bodies (Golgi and Lowe). Golg-i (/. c.)

describes two kinds of touch-organs in connection with muscle and

tendon ; one class correspond with those just described, he names

them 'nervous muscle-tendon organs.'' The second class he com-

pares with the touch-bodies found in the conjunctiva.]

III. THE ORGANS OF TASTE.

The organs of taste are not confined to the surface of the tongue,

but are also found on the mucous membrane of the roof of the

mouth, especially in the neighbourhood of the vomerine teeth ; on

both roof and floor of the mouth these organs can be traced to the

commencement of the oesophagus.

[The mucous membrane of the tongue possesses two kinds of

papillae and numerous glands.

a. The filiform papillae are the more numerous ; they are conical

or thread-like in form, and consist of connective-tissue, with a few

striated muscle-fibres ; they include blood-capillaries, but no nerves

have been traced into them (Leydig). They are covered with

ciliated epithelium and goblet-cells.

b. The fungiform papillae are much larger, and are paler than

the filiform papillae. The free ends of these papillae are broader

than the bases, and when the epithelium is removed the free ends

present a concavity. From the base to the border of the free surface

each papilla is covered with the usual oval, ciliated epithelium,

but at this border an abrupt transition takes place. The
epithelium covering the end of the papillae is of three .kinds :

goblet-cells, cylindrical cells, and forked cells ; the three forms of

cells are quite characteristic, and no intermediate transitionary forms

are met wàth.

(i) The goblet-cells (Fig. 337 I) are arranged vertically to the

free surface of the papilla; they are from o-020-0'024 mm. in

length, and from o*oi-0"02 mm. in diameter. In the lower third

of the cell is found a nucleus of about 0'Oo8 mm. in diameter, and

this encloses a nucleolus of about O'OOi mm. in diameter. Close

underneath the nucleus the cell is contracted to form an irregular

process or foot. The contents of the cells are a very finely granular,
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transjiarent protoplasm. These cells form the outermost part of the

epithelium, covering the end of the papilla ; all the cells belong-ing"

to the same papilla are of the same size. In consequence of the

mutual pressure which they exert on each other they present, in

transverse section, six-sided outlines (Fig*. 237, 2). The nuclei of

adjacent cells are placed at almost exactly the same level. By the

Fig. 237.

I. Various paiis from the fungiform papillae ;

after Engelmann.

1. Nerves of a fungiform papilla. Magnified 450
times.

2. Surface view of the epithelium, after five

minutes' action of iodized serum. Magnified

600 times.

3. Goblet-cell with adjacent forked cell. Magni-

fied 450 times.

4. Portion of the papilla, after removal of the

' goblet- and forked cells ; only cylindrical

cells remaining. Magnified 400 times.

5. Goblet-cell, with swollen contents. Magni-

fied 450 times.

6-13. Various forms of isolated forked cells.

Magnified 450 times.

II. Sections of two glands of the tongue ;

after Biederman.

1. Resting-gland.

2. Gland after stimulation.

action of reagents on these cells very remarkable forms are obtained,

in consequence of the protoplasm swelling and being forced up-

wards (Fig. 237, 5).

(2) The cylindrical cells (Fig. 237 I) have rounded free extre-

mities, which reach to the general surface of the epithelium ; the

remainder of the cell is cylindrical except towards its lower ex-
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tremity, where it is slig-htly dilated and encloses an oval nucleus :

the protoplasm of the cells is very finely granular. These cells rest

on the connective-tissue of the papilla^ and are in close juxtaposition,

so that several hundreds of them are found on one papilla.

The spaces between the upper parts of the cylindrical cells are

occupied by the goblet-cells and by the forked cells.

(3) The third form of cell found on the fungiform papillae are

named forked cells (Fig*. 237 I) by Eng*elmann. The body of the

cells has an ellii:)soidal form, is from 0'Oo6-o*co8 mm. in its long'cr

diameter, and 0'003-0'004 mm. in the shorter diameter. Processes

arise from both poles. The peripheral processes arise by a short

common stem, which then divides into two or rarely three branches
;

the whole process is from o'004-o-oo8 mm. in length, and is always

just sufficiently long- to reach the general surface of the epithelium :

when the peripheral process is long the central is usually shorter,

and vice versa.

The central processes arise by a stem from o'OOi-o*oo2 mm. in

thickness, which usually divides dichotomously. The length of this

process may be as much as 0*025 iï^ïi- oi' almost nil.

The forked cells are abovit twice as numerous as the goblet-cells,

they occupy the spaces between the cylindrical cells and the goblet-

cells. The branched central processes form a network on the

connective-tissue of the papilla, which is, at this point, perforated

by a rich plexus of fine non-medullated nerve-fibrils. It is not de-

cided whether the processes of various cells inosculate. Engelmann

regards these forked cells as the taste-cells and as the sensory

nerve-endings.

The bodies of the fungiform papillae contain blood-vessels and

nerves, the latter enter as medullated nerves, but lose the medulla

somewhat abruptly towards the upper end of the papilla, where they

form a sort of nerve-cushion (Nervenkissen, Engelmann).]

Taste-organs are als3 found on the roof and other parts of the

movith, and present many points of resemblance to the lateral sense-

organs. Like them they present a })eripheral zone and a central

zone ; the cells of the latter, however, are not longer than the

peripheral cells, and possess no cilia (J. van der Hoeven, Merkel).
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lY. THE NOSE.

The anterior nares or nostrils are two small opening's, placed di-

rectly in front of the anterior angle of the eye ; the distance between

the eye and the corresponding- nostril being-, in the case of adult

animals, about five or six millimeters. The anterior nares are sur-

rounded by rims, which are contracted below, and so form very short,

tentacular-like prominences

.

The posterior nares (choanae) are about four millimeters from

the anterior nares, consequently the long axis of the nose is, approxi-

mately, of this length. (For the external muscles of the nose,

see p. 59.)

The boundaries of the nasal cavities are as follows :—the roof of

each cavity is formed by the dorsal plate of the sphenethmoid, the

nasal bone, and the premaxillary bone ; the floor is formed by the

vomer and the palatine bone, the inner wall by the vertical septum

of the sphenethmoid, the outer wall by the premaxillary and max-

illary bones, the anterior wall by the premaxillary bone, and the

posterior wall by the sphenetlnnoid. The cartilaginous portion of

the nasal skeleton (see also p. 27) projects into the general cavity

and subdivides it into various sinuses, which have been the subject

of careful investigation by Born and Wiedersheim.

a. The nasal cavities are best examined by means of serial trans-

verse sections ; in a section through the anterior nares (Figs. 238,

239) there will be seen three sinuses on either side :
—

(i) The superior sinus (o?i) is large, rounded, and placed against

the cartilaginous sei:)tmn ; the sinvis is lined with olfactory ej^ithe-

lium. Posteriorly the sinus extends beyond the posterior nares, and

is bounded by the anterior surface of the sphenethmoid. In front it

ends in a rounded concavity, likewise lined with olfactory mucous

membrane. Opposite the anterior nares the cavity is partially sub-

divided, by a longitudinal process on the floor, into two cavities
;

the anterior nares open into the external chambers, and therefore

not directly into the main cavity of the superior sinus. The su2:)e-

rior sinus communicates with the inferior sinus by a narrow, almost

vertical, slit.

(2) The inferior sinus (u/i) is narrow and flattened from above

downwards ; it is placed against the maxillary bone, and represents

the maxillary sinus of the frog-. Externall}^ it possesses a de-

scending arm.

The inferior sinus is continued backwards and opens on its
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inner side into the posterior nares, or rather into the mouth. The

descending arm extends only a short distance forwards, to terminate

near the point where the superior and inferior sinuses communicate

by only a narrow opening-. This sinus is on the whole broader in

front than behind, and has a general direction from without, in-

wards and forwards underneath the superior sinus.

Fig. 238.

Fiu- 239.

IJUS

K

MS
ok

Frontal sections through the nose of two

tadpoles ; after G. Born.
Anterior naris.

Cartilaginous flooi'.

Cutis.

Cartilaginous roof.

Epidermis.

Intermaxillary gland.

Lower nasal gland.

Upper niisal gland.

Maxillary sinus.

Concha narium (os lachryiiiale).

Maxillary bone.

Oral mucous membrane.
Cartilage.

Upper blind sac.

Pharyngeal gland.

Nasal septum.

Septum between the upper and lower

nasal cavity.

External blind sac.

Trabeculae.

Lachrymal duct.

Lower blind sac.

(3) The lateral sinus {sn) is situated in the partition between the

superior and inferior sinuses, or rather between the external chamber

of the upper sinus and the inferior sinus. The lateral sinus is tri-

angular in form, being' narrow in front and broad behind ; at its
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inner posterior ang-le it opens on the free border of the horizontal

partition between the superior and inferior sinuses ; this opening is^

however, continued along- its roof, so that the lateral sinus opens

also into the superior sinus.

b. The nasal cartilages. The two nasal cavities are completely

separated by the cartilaginous septiun (Figs. 238 and 239 S), and

are for the most part lined by cartilage. The anterior end is

formed of concave cartilages, while the posterior, being sitviated in

the sphenethmoid, is usually more or less ossified in the adult. The

posterior wall has two openings : a larger near the septum for the

olfactory nerve, and a smaller, more externally, for the nasal branch

of the trigeminal nerve.

The anterior wall is more complex than the posterior, being

thicker in the middle than at the sides, and possessing three blind

sacs for the three sinuses. From the anterior wall two processes

project backwards between the sacs and enclose them more or less

completely.

Of the three sacs or cavities only the lower is completely sur-

rounded by cartilage. The upper sac is in part bounded by a shell-

shaped, concave cartilage {Concha nar'mm, of various authors ; 0,v

lachrymale, Born), which covers it anteriorly and externally, and is

attached by a small base to the roof of the lower sac (Fig. 239, /),

its upper border bounding- the anterior naris (Fig. 15). The upper

and external parts of the upper sac have no cartilage. The carti-

lages of the outer wall of the lower, blind sac extend backwards to

the point where the maxillary sinus commences to descend : the

roof, however, is prolonged further backwards by two small cartila-

ginous processes ; the inner is short, the outer forms the roof of the

descending arm of the sinus, and joins a cartilaginous process, which

commences at the anterior portion of the roof of the nasal cavity,

passes backwards and downwards to a broad plate, and forms an in-

complete outer wall to the nasal cavity. There are also three carti-

laginous processes

—

a. One arising from the outer side of the floor

at the level of its junction with the anterior wall ; it is a flattened

process and passes outwards, and bifurcates at its end to meet the

premaxillary and maxillary bones (this is the Oberkieferfortsatz of

Ecker), (p. 28, Fig. 14 n")). /3. A delicate process on either side,,

described by Wiedersheim (see p. 280). y. The third pair of pro-

cesses are fully described for the first time by Born ; each arises at

the lower border of the corresponding Concha narinm, passes forwards

and downwards under the ascending process of the premaxillary to

c c
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the point where process (3 is attached to this bone. The processes

are flat and approach one another obhqnely ; in older animals they

are united at the point of contact.

At the junction of the anterior wall^ the septum, and the floor is

a large aperture in the cartilaginous capsule, through which passes

the chief nasal branch of the trigeminiis, which siipplies numerous

branches to the intermaxillary gland.

c. The glands of the nasal region are Bo^nnan^s glands, the in-

termaxillary glands (Wiedersheim), the lower nasal gland (Born),

the upper nasal gland (Born), the pharyngeal gland (Born), and the

lachrymal duct.

(i) The intermaxillary gland

(see p. 280).

(2) The lower nasal gland is

placed along the septum and ex-

tends as far back as the posterior

nares, opening* by its ducts (Figs.

238 and 239 ffui) into the inferior

blind sac of the nasal cavity. In

histological structure it corresponds

with the intermaxillary glands,

except that the glandular tubes

are somewhat smaller, and the

g'landular epithelium stains some-

what less easily with carmine

(Born).

(3) The upper nasal gland occu-

pies the space between the Concha

nariiim\Os /acJirf/riiale, Born) and the

neighboimng cartilages, it also sur-

rounds the anterior naris and the

opening of the lachrymal canal

(Figs. 238 and 239 gns). The

numerous ducts open on the mucous

membrane covering the oblique car-

tilage (above described, as passing

from in front, downwards and backwards, and forming an incom-

plete outer wall of the cavity), and its hinder prolongation.

(4) The pharyngeal gland is placed transversely behind the pos-

terior nares, and surrounds the vomerine teeth. A portion of the

A. Bowman's glands in situ from Rana
temporaria ; after C. K. Hoffmann.
Magnified 150 times.

B. Section of Bowman's gland ; after

C. K. Hoffmann. Magnified 300

times.

Vessels of nasal mucous membrane of

Jtana esculcnta ; after Langer. Blood-

vessels striped, lymphatics shaded.

1
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ducts open into the posterior nares, the remainder on the mucous

membrane of the pharyng-o-oral cavity at two symmetrically placed

points (Fig*. 238 B).

(5) The lachrymal duet (see p. 428) opens into the nasal cavity

at the point where the lateral sinus opens into the external chamber

of the superior nasal sinus.

(6) [The glands of Bowman (Fig-. 240 I) are freely distri-

buted in the nasal mucous membrane. Each gland is usually

rounded or flask-shaped, and consists of a single layer of large epi-

thelial cells possessing distinct nuclei and nucleoli. The epithelium

of the glands possesses no basement membrane (M. Schultze and

Hoffmann^), but is bounded externally by a layer of nerve-fibres

and connective-tissue.

The glands situated more superficially have straight ducts open-

ing on the surface ; those placed more deeply have usually curved

ducts (Paschutin).]

d. The mucous membrane of the nasal cavities. That part of

the superior sinus immediately around the anterior naris is lined

with stratified epithelium ; the rest of the nasal cavity is lined with

cohunnar ciliated epithelimn. The epithelial layer rests on a sub-

epithelial network, and this again on a submucous connective-

tissue layer possessing numerous vessels and nerves.

(i) The epithelial layer (Fig*. 241) consists of columnar cells,

which in the olfactory region are of two kinds ; in other regions the

epithelium consists of closely-applied ciliated, thick cells, possessing

large oval nuclei, and having irregular, branched bases or 'feet.^

The cells are 0-O32-O"048 mm. long; the nuclei 0'0i6-0'0i8 nun.

long, and O'0o6-O'0o8 mm. broad. The free borders of the cells

bear a nmnber of fine cilia.

In the olfactory region a second set of cells, olfactory cells, are met
with ; these cells (Fig. 241 II) possess each an oval body, enclosing

a large nucleus, and a peripheral and central process. The peripheral

processes reach to the general surface of the sm-rounding epithelium

and there terminate in a number (5-8) of stiff cilia ; these cilia are

sometimes 0*09 mm. long*, they are thicker at their bases than the

ordinary cilia (Schultze) ; according to Hoffmann, a second S3^stem of

stiffer and longer cilia is met with ; of which each olfactory cell

possesses as a rule only one. The bodies of the olfactory cells are

O'OOQ-O'Oio mm. long-, and 0'007-o-oo8 mm. broad; the peripheral

' Paschutin describes a basement membrane.

C C 2
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Fis-. 241.

processes vary considerably in length, according to the position of

the body (o'03-o*o5 mm.). The central processes vary from 0'02-

0*03 mm. in length. The peripheral processes are considerably

thicker than the central processes. No mewhrana limitans olfactoria

has been discovered in the frog.

(2) The second layer consists of a network of processes belong-

to the bases of the central processes of the superimposed epithelial

and olfactory cells. Numerous highly refractive nuclei possessing

nucleoli are situated in the meshes of this network ; they correspond

in all particulars with the nuclei of the

olfactory cells (M. Schultze). According

to Exner the branched processes of the

epithelial cells and of the olfactory cells

unite to form a complex plexus. Other

observers, Paschutin, Cissoif, v. Brunn,

Schultze, and Hoffmann oj)pose this

view, and hold that the central processes

of the olfactory cells do not unite with

the processes of the epithelial cells, but

that they are in direct continuity with

the fibrils of the olfactory nerve. This

view is probably correct.

The submucous layer has a loose con-

nective-tissue matrix, w^hich encloses the

glands, nerves, and vessels; according

to Paschutin two pigment-layers may
be distinguished : the one, immediately

under the middle layer of this mucous

membrane, is continuous and deeply pig-

mented; the second is deeper and does

not form a continuous layer. This layer

is extremely rich in blood-vessels and

lymphatics (Langer * and Paschutin),

(Fig. 240 II). The lymphatics are rela-

tively very large and are very nimtierous

(Langer).

In this layer the central processes of the olfactory cells form
bundles of fibres, lying parallel with the surface of the mucous mem-
brane (Paschutin, Cissoff, and Schultze).]

Separations from the olfactory mu-
cous membrane of Rana temporaria ;

after C. K. Hoffmann,

I. Surface view of the olfactory

mucous membrane. Magni-
fied 350 times.

Epithelial and olfactory cells.

Magnified 600 times.

Epithelial cells. Magnified 600

times.

II.

Ill
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V. THE EAR.

(Re-written by the translator from Das Gehiirorgan der Wirleltbiere,

by G. Retzius, 1881.)

The organ of hearing- is divisible into two parts^ the tympanum
or middle ear^ and the labyrinth or internal ear ; an external ear is

absent^ unless a very slight depression of the tympanic membrane
be regarded as such.

A. The tympanum [Cavum timpani) is a cavity, bounded ex-

ternally by the tymj^anic membrane and internally by the capsule

of the internal ear ; it communicates by means of the Eustachian

tube (tuba Eustachii) with the pharyngo-oral cavity (Fig, 178).

a. The tympanic membrane lies immediately underneath the

skin, but can be separated from that structure; externally it

Fig. 242.possesses a very slight depression, the only

trace of an external ear fomid in the frog.

The tympanic membrane is of a rounded

oval form, being* a little wider in the trans-

verse than in the longitudinal diameter; the

membrane is directed outwards.

After detaching the skin (Fig. 243 I) the

membrane is seen to be attached by its circtmi-

ference to a ring of cartilage [Â?inuli!S mem-

hranae tympani ; see also p. 26) {at) ; the ring

is attached anteriorly and above to the squa-

mosal bone {s<i), and in the rest of its circum-

ference to the surrounding soft parts, /. e. the

M. dep-essor maxillae {(hu), the M. temporalis

(/), and their fasciae. In the middle of the

membrane is a small, rounded, white part {col)

which can be traced backwards and upwards

towards the circumference.

The membrane consists of fibres of con-

nective-tissue which radiate peripherally from

the central point of attachment of the colu-

mella; in the peripheral portion unstriated muscular fibres are

also found (Leydig).

Internally the tympanic membrane is covered by columnar epi-

I. The tympanic membrane
of Rana esciilenia ;

natural size. After

Retzius.

II. The tymixmum as seen

after removing tlie

tympanic membrane ;

natural size. After

Retzius.

Annuliis membranae
tympani.

cdl Columella.

ct Fissure-like cavity.

rim M. depressor maxillae.

mt Tympanic membi-ane.

.«/ Squamosal.
t M. temporalis.

at
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thelium, a continuation of the mucous membrane linin»;' the tympanic

cavity.

b. The tympanic cavity (l''ig". 242 II) is seen, after removing- the

tympanic membrane, as a flattened, funnel-shaped cavity. The

walls of the cavity are lined with a pigmented mucous membrane,

under which the cartilag-inous ring- [annvlus memhranae tywpmii)

extends internally to form the greater part of the wall of the cavity.

The cavity is an elongated oval slit (Fig. 242 II, ct), with its longer

axis directed from above and in fr(3nt, downwards and backwards,

and leading inwards ; it is bounded above, below, and in front by the

squamosal, behind by the soft parts ; above in the roof is the cartila-

ginous part of the columella. The inner or deeper portion of the

tympanic cavity is bounded in front by the squamosal, and by the

squamous process of the prootici [jjroc. squamosMS prootici) in front

and above ; internally by the cartilage (primordial-cranium) between

the prootic and the esoccipital ; behind by the il/, dejjressor maxillae.

This part of the cavity is rounded and covered with mucous mem-
brane, and has in its roof the bony part of the columella, which

covers the foramen ovale [feuedra ovalis) by its oval, widened end-

piece. This deeper portion of the cavity communicates by a short,

wide Eustachian tube with the pliaryngo-oral cavity; the tube is

wide and is of a rounded oval form in section : anteriorly, externally,

and internally it is bounded by the pterygoids, posteriorly by soft

parts, in which is embedded the styloid process.

The> tympanic cavity can be examined from without after re-

moving the tympanic membrane, or from below by means of the

Eustachian tube.

c. The columella auris (Figs. 12, 243) is described by Retzius

as consisting of three portions, of which the middle is bony, the

external and internal cartilaginous. Parker divides it into four

parts (see pp. 25, 26).

The extrastapedial (Fig. 243 a', a") is attached to the middle of

the tympanic membrane by the oval surface opposite a', and is

attached by the process a'" to the annulus tympanicus ; this process

of Retzius is the suprastapedial of Parker.

The mediostapedial (Parker), or middle bony piece of Retzius

(Figs. 12 a', 243 1^, «^'), is narrow externally but widens internally

to articulate with the interstapedial. Just before reaching- the

latter it gives off a process (//), to which are attached a few fibres of

striated muscle (;;/).
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IS,

lararer Fi.u-. 243.

The interstapedial (Fig'-s. 12 a, 243 c) is eartilag-iiious ; it is

thick with a sharply cait-off, slightly concave end, which is placed

against ^q fenestra ovalh. The inner surface of the interstapedial

however, distinctly

r than the opening

of \)a& fenestra ovalis, con-

sequently it does not fit

in accurately, but is at-

tached to the border of

the ojjening' by means of

connective - tissue ; the

margins of the fenestra

oralis are hollowed (Fig.

245 II) so as to form a

fossa fenestrae ovalis, and

it is really to the margin

of this fossa that the

connective-tissue capsule

of the interstapedial i.s

attached.

B, The labyrinth onin-

teriial ear is contained in a

capsule formed of bone

and cartilage.

Tlie ooluiuella ; after Retzius. Magnitied eight times.

A. Seen from above.

B. Seen from behind.

'(' Extrastapedial (Parker). Outer cartilaginous portion

attached to middle of tympanic membrane (Retzius).

a" Attachment of extrastapedial to inediostaiDedial.

a"' Suprastapedial( Parker). Portion embedded in mucous
membrane (Retziua^

ii^.
_
Mediostapedial ^-aiiet). ' Bony part (Retzius).

&'" • Process of mediostapedial.

( Interstapedial (Parker). Inner cartilaginous piece

(Retzius).

m Insertion of small muscle. _^ —-

a. The capsule of the labyrinth (Fig-. 244) is formed of two

bones, the prootic and the exoccipital (according- to Hasse this

includes the opisthotic), which are united by cartilage belonging' to

the primordial-cranium. The fronto-parietal^ squamosal, and para-

sphenoid take only an indirect part in its formation.

On the whole the anterior half of the capsule is formed by the

prootic, and the hinder half by the exoccipital ; the cavity has its

long" axis directed from within and above, downwards and outward
;

the cavity is comparatively large and rounded, and contains the

membranou.s ear.

Four surfaces can be distinguished : a supero-external, an interno-

inferior, an anterior, and a posterior (Retzius).

(i) The supero-external surface is divided into two parts by a

strong", transverse, bony ridge, the processus squaniosns inootici.

The upper half is concave, is directed upwards and outwards, and

is formed by the prootic ; it is separated from the anterior surface
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by a bony ridge^ which, marks the position of the anterior semi-

circular canah Posteriorly and medianly it is separated from the

posterior surface by a cartilaginous ridge, running from above,

downwards and outwards, which marks the position of the posterior

jTjo- 244. semicircular canal. The cartilaginous

aw hinder root of the j^rocessus sqiiamosus

olf-^ y "'^^^^^ <:^Zr^ proofici arises in the cartilaginous ridge
^^ just mentioned, and runs outwards and

•^;^^ I l^^ forwards, covering the external semi-

jp^ (
'^ ^ ^ circular canal.

\ V '^/
/ ^y^^ The lower half of the supero-external

>s;:::p=^ ^^'(^ surfacc (under the processus sfptamosus)

7zn. is irregularly concave; immediately
Antero-postei-ior section throiigh l;e

^^^^dç^. the . WrOC. SqiiamOSUS is a shalloW
capsule of the right labyrinth 01 _ -^ ...
liana esadcnta ; after Retzius. En- groOVC in the prootic ; it is COUtiuued
larged five times. ,^ • -i ^ j^ l^ • ^ j?

. , ^ ,

,

on the exoccipital to the lugular lora-
ac. Aqnaeductus cochleae. J-

_

00
av. Aqnaeductus vestibuii. men. The remaining part of this sur-
cp. Posterior semicircular canal. „ • 1 c i i j.-i i

era. CanaJis rami anterioris acustici. taCC COUSlsts Ot a rOUndcd Cartilage, aUCl

^r Sne2rartundf
"""' '"'"'"'''

^^ P^rt of the primordial-crauiimi car-

fsc. Fovea saccuu et cochleae. tilagc betwccu the prootic and the
ft. Trigeminal foramen. • -j i j •

i -x i n
Un. Cartilaginous suture. exoccipital

j
posteriorly it lias a small

t'r. Prootk!"""^'
oval 2,^eYim:e, the foramen ovale {fenestra

lis. Para.sphenoid. vesUbuIare), whicli with the groove is

covered by the colvwella. Above the aperture the cartilage narrows

and is continued to the processtis squamosus.

(2) The posterior surface is directly continuous with the supero-

external surface, and is formed by the exoccipital. This surface lies

behind the ridge formed by the posterior semicircular canal, it is

concave, and has two small apertures, separated by a narrow, bony

process, and situated near the jugular foramen ; these are the

foramen rotnndum, [fr.) and the aquaeduclas cochleae {ac.\

(3) The anterior surface is altogether bony and formed by the

prootic (/«•.); the anterior surface of this part of the wall is continuous

with the surface of the cranium, and abuts on to the large tri-

geminal foramen (//.); below it is continuous with the under

surface of the cranium, below and externally it articulates with the

pterygoid.

(4) The interno-inferior surface is as a whole hollowed in-

ternally, the upper part being pushed in towards the cranial cavity.

It is formed by the prootic anteriorly, by the exoccipital posteriorly,

and is completed by the cartilage lying between these bones. In
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the middle of the upper part of the cartilage is a small oval ojiening-

(av.), the ap. aquaedactus vestibuli : about midway between this

aperture and the jugular foramen is a second opening in the

cartilage (era.), the opening of the canalls rami anferioris {yesfihu-

laris) acustici : a little behind and above this is the opening of the

canalis rami posterioris [cocJilearis) acustici, situated in the exocci-

pital. The cartilage between the prootic and exoccipital in the

lower half of the interno-inferior surface rests on the parasphenoid.

b. The position of the soft parts in the capsule. The large

outer^ rounded part of the cavity contains the saccule and cochlea

[fovea sacciili et cochleae) {fie). Above, the cavity is more irregular,

and contains the utricle and the si^ms tttriculi superior. In
front and externally, imbedded in a deep groove, are the anterior

and external ampidlae [fovea ampullae anterioris et amp. externae)
;

to these are attached the corresponding semicircular canals. The
anterior semicircular canal opens above and externally into the canal

of the sinus utriculi sujjerior ; the posterior passes into a groove for

the posterior ampulla [fovea ampullae ptosterioris), and opens above

and internally into the posterior semicircular canal. The external

semicircular canal courses in the processus sqnamosus prootici, the

posterior in the cartilage (Fig. 244 cj)) between the prootic and
exoccipital, and the anterior in the prootic. The upper and poste-

rior part of the anterior semicircular canal is imbedded in cartilag-e,

on which rests the parasphenoid.

c. The perilymphatic space (Fig'. 245 I and II. The mem-
branous labyrinth does not occupy the whole space enclosed by the

hard parts but is surrounded by the perilymphatic, space, which
contains the perilymph. The periosteum and perichondrium form
the outer lining of the space, and are for the most part pig-mented.

The perilymphatic space is widest in the lower part of the organ,

in the region of the fovea sacculi et cochleae, especially externally

and behind [per); in front it is much narrower [per^). A little

higher, in the region of the tegmentum vasculosum, the space is

wanting, as the membranous labyrinth is here attached to the

periosteum.

Around the utricle and saccule the sjjace is comparatively wide
;

it is continued into the bony canals and ampullae. In the semi-

circular canals the space is wider on the concave side than on the

convex side, the membranous canals being placed eccentrically, as

are also the ampullae, though to a less extent. The periosteum and
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periclioudrium lining this cavity form a very delicate, pigmented

membrane, formed of nmnerous fine elastic fibres which cross each

other irregularly; its inner surface is lined with an incomplete

layer of branched protoplasmic cells with large oval nuclei. From

Fig. 245.

j^er s.

The membranous labyrintli of Rana csculenta, \\dthin its natural covering of periosteum
;

after Retzius.

I. Seen from the side ; magnified tea times.

II. Tlie hinder haJf ; magnified ten times. Seen obliquely from above, and in front, and from

the side.

ndf
al.

tip.

apb.

cp

ctfo

dp
dp'

I.

ms.

Anterior ampulla.

Apertura fenestrae ovalis.

Apertura lagenae.

Posterior ampulla.

Opening into the pars basilaris.

Anterior semicircular canal.

External semicircular canal.

Posterior semicircular canal.

Ductus fenestrae ovalis.

Ductus perilymphaticus.

Saccus perilymphatious.

Lagena cochlea.

Macula sacculia.

pb

pa-

per'

rii.

.spl

Pars basilaris cochleae.

Wider part of i)erilymphatic space.

Narrower part of perilymphatic space.

Ramus anterior.

Ramulus neglectus.

Ramus posterior.

Ramulus sacculi.

Saccule.

Saccus fenestrae ovaUs.

Saccus perilymphaticus.

Tegmentum v;isculosum.

Utricle.

this membrane numerous irregular bundles of fibres, in the form of

trabeculae, pass into the space and form a rich network, wliich is

attached internally to the outer surface of the membranous labyrinth

and holds it in position. Free nucleated leucocytes are occasionally

m.et with in the meshes of this network. The perilymphatic sj)ace

is prolonged into two subsidiary cavities :

—

(i) The ductus fenestra ovalis (Retzius), (Fig. 245 '(fo) com-

mences as an opening {(n^f) immediately opposite the forariten ovale

of the hard capsule, which leads into a moderately large canal, the

structure under consideration. It passes forwards and outwards

through t\\e fenesira ovalu between the interstapedial and the outer

wall of the capsule into the oval depression [fossa fenestrae ovalis),
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Part (if the outer wall of the perilymphatic space

after Retzius. Vériok's Syst., Obj. Ill, Oc. 3.

per. Periosteum.

pg. Perilymphatic network.

zi'i. Leucocytes.

and rapidly wideu.s to form a short, flattened, blind sac (saccN-^

fenestrae ovalis), which is lodg-ed in the fossa {sfo). Its walls are

thin and pig-mented.

(2) The ductus perilym-

phaticus (Hasse), (Fig-. 245
tl]}) passes above and behind

the ductus fenestrae oval'is, be-

hind the auditory nerve, and

near the cochlea, then behind

and above the lagena to the

aqnaeductiis cochleae (Fig. 244
ac'), where it forms a short,

wide tube, which passes back-

wards and inwards through

this canal to the canalis jiigu-

laris ; here it lies close to the

nerves and forms a short oval

sac {saccus per'ilymjjhatlcns) {dp), which communicates with the sub-

arachnoid space of the cranial cavity by means of a tube from the

neck of the sac. The walls of this structure are thin and formed of

connective-tissue with very few pigment-cells. The other extremity

of the tube passes to \\\q parshasïlans2ivA under the shins post, utri.,

between it and the pars neglecta ; it then courses to the outer side

of the hinder end of the external semicircular canal : the tube

then bends downwards to the outer side of the utricle and saccule to

open into the general perilymphatic space.

d. The membranous labyrinth (Figs. 247, 248) has the fol-

lowing* parts : the utricle and sinus Siiperior, the recessus utrlculi,

the anterior semicircular canal and anterior ampulla, the external

semicircular canal and external ampulla, the posterior semicircnlar

canal and the posterior ampulla, the saccule, ductus endolympiliaticus,

and saccus endolymphaticiis, the pars neglecta, the lagena cocJdeae, the

p)ars hasilaris cochleae, and the so-called tegmentnm vasculosum.

In addition the following nerve-terminations can be distinguished :

(i) The macula ac. recessus utrieuli, (3) the three cristae acusticae am-

jnilloriim, (3) the macula ac. sacculi, (4) the macula ac. neglecta, (5) the

pjapUla ac. lagenae cochleae, and (6) the papilla ac. basilaris cochleae.

The auditory nerve divides immediately beyond its origin from

the medulla ohlongata to form a ramvs anterior m\d a ramus posterior,

which course alongside each other for a short distance, the latter

lying behind and above the former. The R. anterior runs forwards
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and outwards under the utricle^ giving off the R. sacculi, which runs

downwards and outwards ; the R. rec. utriculi is then given off as

a number of fibres^ which run ujîwards and forwards; the main

nerve then divides to form the R. ampullae anterions and the R. am-

jmllae externae, which course together for a short distance and then

separate to reach their respective ampullae. The R. posterior nins

backwards and outwards, gives off the R. lagenae, and then divides

to form the R. 7ieglectus, running upwards, the R. basilaris running

downwards and backwards^ and the R. anipnllae posterioris which

courses backwards and outwards.

(i) The utricle [iitriculus) (Figs. 247 and 248 u) is irregularly

cylindrical in form : commencing at the recessus utriculi it passes

forwards and outwards ; then backwards, inwards, and upwards, to

terminate at the simis jjostei'ior, where it is slightly contracted. At
about its middle it is divided into an anterior and a posterior part by

an incomplete, sickle-shaped partition, formed by the posterior

semicircular canal opening obliquely into the utricle, and so

causing a fold in the posterior w^all : on the anterior wall there is

no fold ; the aperture left in the partition is the apertura ^driciili.

The posterior part of the utricle receives the sinus superior, which

is formed by the junction of the two vertical semicircular canals.

The anterior part of the utricle receives the hinder dilated end of

the external semicircular canal by an opening in its posterior wall,

close to the apertura utriculi. In the lower wall or floor is the

narrow opening leading into the saccule (catialis utriculo-saccularis) :

this opening is placed with its long axis parallel to the long

axis of the utricle, with its broader end posterior, and the narrower

end anterior.

(2) The recessus utriculi (Figs. 247 and 248 rec). The anterior

end of the utricle Avidens and curves downwards and outwards to

form the recessus utriculi ; on its floor is a thin, kidney-shaped plate

or otoliths, resting on the macula ac. recessus utriculi {77m), which re-

ceives the ramulus rec. utriculi; under it the raniulus awp. anterioris

and the ramulus awp. externae run forwards and close together to

reach their respective ampullae, which are close together at the

antero-extemal wall of the recessus utriculi. The otolith is a glassy,

homogeneovis plate, with numerous vacuole-like spaces and striated

borders ; it covers the whole of the macula.

(3) The anterior ampulla and semicircular canal (Figs. 247,

248, aa, ca). The anterior ampulla is a rounded, oval vesicle,

with a depressed roof (Fig. 250 I) ; on the floor is a transverse



THE EAR. J97

low sepinm^ wliicli bears the crista acustica (cr) on its free border
;

seen from above the crista acustica (Fig. 249 II, aa, cr) has concave

Fig. 247.

ea

Tlie right menibranovis labyrinth

seen from the

aa Antei'ior ampulla.

ae External ampulla
ap Posterior ampuUa.
apn Apertura partis neglectae.

au Apertura utriculi.

ca Anterior semicircular canal.

ce External semicircular canal.

cp Posterior semicircular canal

cits CanaUs utriculo-saccularis.

de Ductus endolymphaticus.

I Lagena cochleae.

of Maiia esculenta ; after Retzius. Magnified 20 times.

inner side ; Fig. 248 seen from the outer side.

Fig. 247

mn Macula acustica negleota.

ms Macula acustica sacculi.

imt Macula acustica recessus

utriculi.

pb Pars basilaris cochleae.

pi Papilla ac. lagenae.

ppb Papilla ac. basilaris

raa Ramulus ac. anterioris.

i-ae Ramulus amp. externae.

rap Ramulus amp. posterioris.

rb Ramulus basilaris.

rcc Recessus utriculi.

rl Ramiilus lagenae.

»•« Ramulus neglectus.

rs Ramulus saccuU.

,« Saccule.

sp Sinus utriculi posterior.-

ss Sinus utriculi superior.

Iv Tegmentum vasculosum.

u Utriculus.

borders anteriorly and posteriorly; the ends are broad, rounded, and
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somewhat raised ; and in the middle it presents a small elevation

(Fig. 349 cr). On the crista acusfica rests the cupula termhialis

(Fig". 2^0 I, cti) ; this is arched above but of the same form as the

crista acKstica below, from which it is separated by an even slit-like

space ; the ends are not rounded but hollowed out. The substance

of the ciiptda is very soft and has parallel striations, formed of fine

fibres and running from above downwards ; it separates very easily

from the crista acustica. The anterior ampulla is directed forwards,

outwards, and slightly upwards, to open into the anterior semicir-

cular canal {canalis m. anterior) {ca), which curves first upwards and

forwards, then backwards, inwards, and upwards, to open by means

of a slightly dilated end into the sinus superior utricidi.

(4) The external ampulla and semicircular canal (Figs. 247,

248 ae, ce). The external ampulla lies immediately external to the

anterior ampulla ; it also is an oval vesicle, and corresponds with the

anterior ampulla in size and shape, except that the roof is higher.

The roof is directed backwards, the floor forwards ; the septum

iransversum is low, placed vertically, and bears a triangular, slightly

depressed crista acustica : the broader, rounded end of the crista is

directed upwards, the apex downwards. The corresponding cupula

terminalis is relatively high, and is of the same shape as the crista,

and is striated. The external ampulla is continuous with the ex-

ternal semicircular canal {canalis m. externns) {ce), which courses

outwards and backwards ; then backwards, inwards, and slightly

upwards, touches the roof of the posterior ampidla; then curves

forwards and inwards to terminate by a slightly dilated end in the

anterior part of the utrieukis.

(5) The posterior ampulla and semicircular canal (Figs. 247,

248, and 249 «/;, cj)). The posterior ampulla commences at the

posterior end of the sinus post, utriculi, and is directed outwards

and backwards. It corresj)onds in all other points with the anterior

ampulla. The posterior semicircular canal {ce) {canalis m. post.),

into which the ampulla opens, curves upwards, inwards, and for-

wards, to open into the upper end of the siuus superior.

(6) The saccule (-s), ductus endolymphaticus {<le), and the

saccus endolymphaticus (Figs. 247, 248, 249). The saccule {s)

is an oval vesicle, placed under the anterior part of the utricle and

directed outwards and downwards ; below it is flattened in a di-

rection from in front and within, outwards and backwards ; above

it is wider. In the inner and anterior surface is the rounded, oval

macula acustica sacculi (Figs. 247 and 248 ms), to which is distri-
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buted the B. saccuH [rs) from above ; a large otolith rests on the

macula and occupies a large portion o£ the cavity^ more especially

the lower portion. The tubular ductus endolymphaticus {dé) arises

by a narrow oval opening placed in the upper and inner part of the

Fig. 249.

II.

III.

IV.

«p.

cip.

rpb

The membranous labyrinth of Rana esculenta ; after Retzius.

Part of membranous labyrinth to show relations of the ductus and saccus endolymphatioua

to the cochlear part ; magnified.

The recessus utriculi and the external ampulla ; magnified.

To show tegmentum vasculosum, pars basilaris, pars neglecta, etc.

To show relations of the cochlear part to the pars neglecta.

Ampulla anterior.

Ampulla externa.

Apertura lagenae.

Posterior ampulal.

apn Apertura partis neglectae.

au. Apertura utriculi.

ca. Canalis m. anterior.

ce. External semicircular canal.

Posterior semicircular canal.

Opening into pars basilaris.

Crista acustica.

Canalis utriculo-saccularis.

Ductus endolymphaticus.

Ductus perilymphaticus.

I.
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[saccus endolymi:)liaticus), placed between the brain and cranium.

The sac is very vascular and contains crystalline otoliths.

(7) The pars neglecta (Figs. 247^ 248, 249) was described by

Hasse as the ^ first part of the cochlea^ (^ Anfang-stheil der Schnecke"*),

but according" to Retzius it does not belong to the cochlea. It is

placed above and in front of the pars hasilaris cochleae, above and a

little behind the lagena cochleae, therefore above the upper and pos-

terior part of the saccule, and under the middle part of the utricle.

It is really a prolongation of the saccule, with which it communi-

cates by an elongated oval opening placed externally and immedi-

ately below the oj)ening of the canalis utriculo-saccularis. It is an

oval vesicle, with its roof intimately united with the lower wall of

the utricle; anteriorly it is broad, posteriorly narrowed. The

macula acusiica neglecta is attached to the roof of the vesicle and

consists of an anterior heart-shaped and a posterior semihmar

portion united by a narrow connecting piece (Fig. 250 III and VII).

The ramulus neglectns divides into two branches, which supply the

two parts of the macula. On the macula aciistica neglecta rests the

membrana tectoria (Deiters) ; the membrane is S-shaped, with the

anterior end narrow, the posterior broad (Fig. 250 VII); the borders of

the membrane are pierced by numerous small round holes, the central

part has smaller and fewer perforations, and is finely striated.

From the middle of the posterior part of the upper surface a thicker

portion projects downwards into the cavity of the 2^<^'>'s neglecfa ; it

has a narrow, deep notch for the nerve at about its middle ; ante-

riorly it points towards a sickle-shaped piece, which is curved in-

wards. Canals run obliquely downwards and inwards from the

apertures on the superior surface. The membrane is clear, homo-

geneous, partly finely striated, and corresponds with the memhrana

tectoria of the pan hasilaris, etc.

(8) The lagena cochleae (Figs. 247, 248, and 249 /) is an oval

swelling of the membranous labyrinth ; it lies close to the sacculus

with its broader end forwards, the narrower directed backwards.

By a large rounded opening at the posterior end it communicates

with the saccule by means of a rounded space common to the lagena

cochleae and the cochlea. The pajnlla actistica lagenae (pi) is situated

in the posterior wall of the lagena ; it is elongated, oval, and supj)lied

by the ram. lagenae. The papilla is covered by a plate-like otolith

formed of numerous rounded particles.

(9) The pars basilaris cochleae (Figs. 247, 248, and 24^ jjh) is

placed on the posterior thickened wall of the saccule and lies above
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and behind the lagena. It forms a small^ oval, pocket-like protu-

berance, with the long- axis directed from in front and above, back-

wards and ontwards, its opening- being directed forwards and

Fig. 250.

I 11

V /?^

/^'o^J,

jg?>^ 'ape

VJI

??il- ""J"

The membranous labyrinth of Rana cscuUnta ; after Retzius.

I. Transverse section of tlie anterior ampulla. Magnified 50 times.

II. Piece from under surface of the cupula from the anterior am jiulla. Vérick's Syst. , Obj .VIII. Oc. 3.

III. The macula acustica neglecta, seen from below. Vérick's Syst., Obj. IV, Oc. 3.

IV. Part of wall of the anterior ampulla.

V. Part of the cochlea, the pars basilaris cut longitudinally. Vérick's Syst., Obj. I, Oc. 3.

VI. Longitudinal section of the pars basOaris. Vérick's Syst., Obj. I, Oc. 3.

VII. The macula ac. neglecta, seen from below. Vérick's Syst., Obj. IV, Oc. 3.

VIII. The pars basilaris, seen from behind and the outer side. Vérick's Syst., (Dbj. I, Oc. 3.

IX. Transverse section of the external ampulla. Magnified 175 times.

ap6

dip

mh

mt

Oval opening into sacculo-cochlear space. n

Crista acustica. ph
Cupula terminalis. pe'

Ductus ijerilymphaticus. ppb
Section of thinner waU of pars ba.si- r

laris. rh

Tectorial membrane. rn
Thickened membranous wall. tv

Nerve-fibres.

Pars basilaris.

Area of coarsely granular cells.

Papilla acustica basUaris.

Epithelium on raphe.

Ramulus basilaris.

Ramulus neglectus.

Tegmentum vasculosum.

outwards. The short ram. basilaris passes in from above to supply

it. The walls of this dilatation are thick and stiff, with the exception

Dd
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of a small portion, the Vieiiibrana hasUaris (Hasse) {ni(j), which closes

the opening- into a small dilatation on the anterior inner wall. The
rminlns basilaris (rb) divides into, at least, two branches, and passes

close to the memhrana basilaris {mh), where the elongated and
oval papilla ac. basilaris (Fig. 250 jojjb) is placed. The papilla

is covered by a membrana tectoria (Fig. 25c 7nf), which is often

found separated from the papilla, probably b}^ the action of the

I.

II.

III.

IV.

Preparations from the ear of liana esculenla ; after Retzius.

Part of the membranous wall seen from the surface. Vérick, Obj. VI, Oc. 3.

Transverse section of the membranous wall. Vérick, Obj. Ill, Oc. 3.

Epithelium from the neighbourhood of the macula ac. rec. utriculi. Vérick, Obj. Ill, Oc. 3.

Branched cells from the yellow spot on the floor of the anterior ampulla. Vérick, Obj. Ill,

Oc. 3.

Epithelium from the roof of the anterior ampulla. Vérick, Obj. Ill, Oc. 3.

Epithelium of I'aphe.

Pavement epithelium.

Protoplasmic cells.

Perilymphatic tissue.

reagents used. The form of this membrane is peculiar but will

easily be understood from the figure (Fig. 350 mf). In structure

it is similar to the corresponding structures found in other parts

of the ear.

(10) The tegmentum vasculosum (Deiters) (Figs. 245, 248, and

250 tv) is an oval, shell-shaped dilatation of the membranous laby-

rinth ; its long axis is directed from above and in front, downwards

and backwards. The walls of the teymeuinm are thin and inti-

mately attached to the periosteum.

e. The minute structure of the membranous labyrinth (Figs.

25 ^ 2.52)-
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(i) The walls o£ the membranous labyrinth have the same
general structure throughout : the walls are usually thicker at

the nerve terminations, in the ampullae, semicircular canals, pars

ueg/ecta, and especially the pars hasilaris ; the wall of the tegnientiijn

iympani are the thinnest. The walls are transparent, homogeneous,

refractive, and, at places, show a faint striation, which is, as a rule,

not due to the presence of fibres ; in parts of the recessus vfrivii/i,

and in the outer wall of the saccule, especially near the iegiucufiim

vascvlosum, more or less distinct fibres can be made out. Sections

of the wall show spindle-shaped cells, with the processes usually

arranged parallel to the surfaces; seen from the surface, the cells

are seen to branch in all directions (Fig. 251 I, II). In the

thinner parts of the walls the cells are few or altogether absent.

The outer surface of the membranous labyrinth is uneven, in conse-

quence of the attachment of the perilymphatic network. Blood-

vessels are also attached to the oviter surface, and pierce the wall,

especially near the nerve-terminations.

The whole of the inner surface is lined with a layer of polygonal,

tesselated epithelimn-cells. The size and height of the epithelium

varies in different parts. On the outer wall of the saccule the cells

are large, but on the inner wall small ; they are also large in the

semicircular canals, except on a small raphe on the inner and outer

side, where they are smaller but higher (Fig. 251 ré); in the am-
pullae the cells are large, except on the roof. In the utricle and

simis superior they are also moderately large. In addition to the places

mentioned, a smaller epithelium is found on the floors of the am-
pullae, in the recessus ntrlculi, and near all the nerve-terminations

and on the sides of the ampullar septa. Surrounding the nerve-

terminations of the macula rec. ntr'icuU, niacnla sacnili, and papilla

lageuae are found narrow, branched, yellowish cells (Fig. 251 7^^)

with spindle-shaped nuclei. Cells of a third kind, first described

by Deiters, Hasse, and Kvihn, in the tegmenfvm vascidosum, and in

the ampullae by Hasse and Kuhn, are also found in the utricle.

They contain a yellowish pigment, and are collected into two

sharply differentiated groups in each ampulla (Hasse has one jîlaced

before and one behind the septum on the floor). The cells are

cylindrical, the uj^per parts striated, the lower narrower, and the

bases again widened to a polygonal, more homogeneous plate,

which is fixed to the wall. On the tegmentum vasculosum the corre-

sponding cells are not so high.

(2) The nerve-terminations. The larger branches of the auditory

u d 2
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nerve contain medullated fibres of various dimensions and bipolar,

spindle-shaped ganglion-cells. The nerves pierce the walls obliquely

or vertically, and retain their medullary sheaths until near their

final distribution. On each of the nerve-terminations is found

nerve-epithelium, which varies in height in different parts. In the

crista acustica it measures 0*075 Dim. in heig'ht in the middle part,

0"o6 mm. at the sides; on the macida rec. utricidi 0*09 mm., on the

macula sacculi 0*075 mm., on the papilla lagenae o*o6 mm., on the

2')apÀlla part, hasil. 0*045 mm., on the macula neglecta 0*075 mm.
The epithelium is of two kinds, hair-cells and sustentacular cells.

Fig. 252.

IT

II.

III.

IV.

-H.

The nerve-terminations in tlie membranous labyrinth of Rana esndenta ; after Retziiis.

Vertical section through the crista acustica of the anterior amijulla. Vérick's Syst., Obj. Ill,

Oc. 3.

Vertical section through the macula ac. recessus utriculi. Vérick's Syst., Obj. VIII, Oc. 3.

Three isolated hair-cells from the crista ac. of the anterior ampulla. Vérick's Syst., Obj. VIII,

Oc. 3.

Two isolated sustentacular cells from the crista ac. of the anterior ampulla. Vérick's Syst.,

Obj. VIII, Oc. 3.

cr Crista acustica.

cu Cupula terminalis.

fz Sustentacular cells.

h Hairs of hair-cells.

hz Hair-cells.

n Nerve-fibres.

a. The hair-cells (Fig. 252 Jiz) have, on the whole, elongated,

flask-like forms, but are not all of the same length (0*024-0*04 mm.).

The free ends of the cells are rounded, flattened, and yellowish, and

each bears a stiff cilium, which is fixed by a broad base to the cell,

and thins ovit towards its free end : the cilia vary in length ; in the

ampullae their greatest length is 0*13 mm., on the macula rec.

utriculi o'oii mm., and on the papiilla lagenae 0*017 mm. The
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cells are granular, possess rounded oval nuclei, and are fixed by a

fine, narrow process (Fig-. 252 hz), thoug-li they usually seem to be

rounded off without possessing- a process.

/3. The sustentacular cells. Under the hair-cells is a finely

g-ranular substance, possessing- numerous romided oval nuclei, which

are placed in superimposed rows (Fig-. 1^1 fz), the deepest row
being- placed close together and immediately on the membranous
wall. After proper treatment and isolation these nuclei are seen to

belong- to narrow, elongated cells, which rest by a slig-htly widened

base on the wall, and are continued upwards between the hair-cells

to reach the surface of the epithelium, where their upper processes

are ag-ain slig-htly widened.

y. The nerve-fibres (Fig-. 252 n) lose their medullary coats, ascend

towards the epithelium, and frequently divide to form two unequal

branches, which ascend to the level of the hair-cells, and curve so as

to com-se horizontally as extremely fine varicose fibrillae ; these fre-

quently form a network, of which the exact method of termination

has not been made out. In some cases a fine fibril may be traced

to the base of a hair-cell, but a direct continuation of the one into

the other has not yet been traced.

VI. THE EYE.

(Re-written by the translator,)

The org-an of sight, the eyeball {lulbus oculi), together with its

appendages [tutamina ocnli), will be described in this chapter.

A. The Eye is flattened on the outer surface, more convex on the

imier or deeper surface. Its principal axis is directed from behind,

forwards and outwards.

The outer transparent portion of the eyeball is the cornea, which

forms the outer boundary of the anterior chamber. The larger, white,

opaque, and inner portion is the sclerotic coat, which, tog-ether with

two deeper tunics, the choroid coat and the retina, enclose the posterior

chamber of the eye. The pigmented ring placed behind the cornea

is the iris, and the aperture it encloses the pupil. The lens is placed

immediately behind the iris. On the inner side the optic nerve

pierces the sclerotic to enter the eyeball.

a. The sclerotic coat [sclerotica s. sclera) forms about three-
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fourths of the surface of the eyeball
;

posteriorly it is pierced by the

optic nerve at a point [poms opticus) nearer the temporal side than the

nasal. The sclerotic coat consists of fibrous tissue externally, with a

layer of hyaline cartilage internally (Helfreich). The fibrous layer

Pj 2C3. is formed of bundles of j)arallel fibres, which cross

each other, chiefly at rig-ht angles (Hoffmann).

The cartilaginous layer ends just behind the line

of insertion of the extrinsic muscle" of the eye,

and is thickest at the point of entrance of the

optic nerve (Helfreich).

The sclerotic coat is rich in nerve-fibres, which
Endothelium from the p i iijici i i

inner surface of the lomi a closc nctwork ; tlic u Dres, liowcver, do
sclerotic coat

;
after ^q^ uuitc but form the meslics of the network

Hoflfmann.

by simply crossing each at acute angles.

The deeper surface of the sclerotic coat is lined with a layer of

larg-e endothelial cells (Hoffmann), (Fig. 253), which form the

outer wall of the capsule of Tenon.

b. The cornea and the anterior chamber. The cornea forms

about one-fourth of the surface of the eyeball and is directly con-

tinuous with the sclerotic. In it five layers can be distinguished :

a layer of stratified epithelium or conjunctiva, an anterior hyaline

membrane, the true corneal substance, a posterior hyaline membrane,

and a layer of endothelium.

(i) The corneal epithelium is a layer of stratified e^^ithelium

covering the superficial surface of the cornea. The superficial

layer forms a beautifid mosaic of polygonal cells; the middle

layers are polygonal in all sections, while the deepest layer is more

or less columnar. Excei:)t in the most superficial layer, all the cells

have serrated surfaces. Smaller cells possessing each two nuclei

are also found between the columnar cells, and are evidently cells in

process of division ; according to Waldeyer, cell-proliferation may
also take place in the middle layers.

The basal or deeper portions of the columnar cells possess a clear

border, which reminds one of the hyaline border found on the free

border of columnar epithelium in other parts. The cells are here so

closely applied to one another that these borders have the appearance

of a continuous, highly refracting membrane (Rollett) ; according

to Henle, the border consists of a network of very fine processes from

the cells above.

(2) The true corneal substance, and (3) the anterior hya-
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line membrane. The corneal substance consists o£ flat bundles

of fibres arrang-ed in laminae, with cement-substance and connec-

tive-tissue corpuscles interposed. The fibrils are extremely fine

(o'oooi mm., Engelmann), and bound together into bundles by

cement-substance. The bundles of the laminae are arranged at

various angles, though many are placed at right angles to each

other (Waldeyer).

Between the laminae are flattened spaces, which seen in section

are spindle-shaped. By proper treatment they are seen to be irreg-

ular, branched spaces,

which communicate

by fine canals and

form part of the Reek-

linghausen-canals or

lymph-system. These

spaces contain branch-

ed, connective-tissue

corpuscles (Toynbee),

and a colourless fluid.

The corpuscles (Fig.

254 e) do not fill the

spaces which they

occnjiy. They possess

large nuclei, sur-

rounded by granular

protoplasm.

The canals by which

these spaces communicate (' Saftcanalchen of Recklinghausen) lie,

in general, parallel to the surfaces of the cornea, and communi-

cate by joining at acute angles or by short transverse branches.

According to Lavdowsky, these canals have a distinct lining

membrane.

The anterior hyaline ^ layer (Bowman^s or Reichert^s lamella) is

not so well seen in the frog as in some higher animals ; it is simply

a portion of the corneal substance, of somewhat denser structure

than the rest, into which it passes by a gradual transition.

(4) The posterior hyaline membrane (Descemet's membrane)

is a highly elastic, very transparent layer, placed behind the

true corneal substance ; in the frog some few bundles of fibres

* Tamanscheff and Schweigger-Seidel consider the anterior and posterior hyaline

membranes to be composed of fine fibrils.

riepaiation from cornea of Rana escitlenta ; after Klein.

Hartnack's Syst., Obj. VII, Oc. 3.

a Nerve of first order.

6 Nerve of second order.

c Nerve of third order.

d Nerve of fourth order.

e Corneal corpuscles.
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belong-ing" to the true corneal substance appear to pass into the

posterior hyahne layer, although they cannot be traced further

through its substance. The structure of the membrane is, in con-

sequence of its transparency, unknown, though the above ob-

servation seems to point to a fibrillar origin.

(5) The corneal endothelium is a single layer of polygonal

cells of 0'02 mm. diameter. The cells possess the power of altering

Fio-. 255. their shape when stimulated

(Klebs).

(6) The nerves of the

cornea are derived from the

ramus ophtJialmicn trigemini;

they pierce the sclerotic

coat in front of the scle-

rotic cartilage and then

course towards the cornea,

at the margin of which they

form a coarse network of

medullated fibres. From
this about thirty nerves pass

towards the cornea, which

they enter, and then very

quickly lose the main part

of their medullary sheaths.

According- to Wolff, a por-

tion of the nerves retain their medullary sheaths, or in some eases

appear to regain it after having lost it.

The nerves passing from the plexus (nerves of the first order,

Klein) give off smaller branches, which for a short distance have a

serpentine or rectilinear course. By a few anastomoses they form

a loose plexus (nerves of the second order, Klein). After a longer

or shorter course they give off numerous lateral fibres, or termi-

nate in several such fibres arising at one point (nerves of the

third order, Klein). These are distinguished by their size, varying

only within small limits, and by the possession of more or less

regularly placed varicosities ; the clearer portions are longitu-

dinally striated as though made up of fi})rillae ; they have a

nearly rectilinear course, and, after a longer or shorter course,

turn into a direction which is at right angles to the former

one; lastly, they remain for long distances unbranched. These

nerves are connected one with another by cross fibres running at

Preparation from cornea of Rana escukrita ; after

Klein. Hartnack's Syst. , Obj. X immers., Oc. 3.

Endothelial cells.

Nuclei of endothelial cells.

Nerves of third order in the tissue of the cornea

propria.

Nerves of the fourth order.
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rig-lit angles to them^ and in this way a rectangular trellis-work is

formed.

The fibrils (nerves of the fourth order) given off by these nerves

form networks around the connective-tissue corpuscles^ but no

direct connection between nerve and corpuscle has been traced;

they always appear to lie on that surface of the corneal corpuscle

which is directed towards the superficial surface of the cornea

(Klein). In the endothelium covering- the membrane of Descemet

these fibrils can be traced coursing along- the margins of the cells

(Fig. 255 d), and sometimes underg-oing dichotomous division

(Klein).

Almost all observers have described these fibrils as possessing

varicosities ; Hulke, and more recently Wolf, however, deny their

presence. Lavdowsky traces nerve-fibrils to the nuclei of the

connective-tissue corpuscles.

(7) The anterior chamber is the space between the cornea and

the iris, and is filled with a watery fluid, the aqueous humour. At
the circumference of the chamber are a number of spaces (spaces of

Fontana), formed by interruptions in the tissue between the poste-

rior surface of the cornea and the iris ; the result is that bands or

trabeculae {Jlgamentum 2''ect'inatum iridis) pass from the one structure

to the other, and between these are the spaces of Fontana.

According to Angelucci these trabeculae are of three kinds :

trabeculae passing from the cornea to the iris, formed of con-

nective-tissue ; trabeculae from the cornea to the ciliary processes,

which contain elastic tissue ; trabeculae from the interstitial con-

nective-tissue of the ciliary muscle to the cornea, and formed

almost entirely of elastic tissue.

At the junction of the cornea and sclerotic, and just in front of the

spaces of Fontana, is a larger and similar space, which may be traced

round the whole circumference of the cornea; this, the canal of

Schlemm (Sinus circularu iridis), is held to be a venous plexus by

some observers (Angelucci, and others), according to others it is a

lymphatic space in connection with the anterior chamber (Schwalbe,

and others). It is certain that the vessels can be very easily in-

jected from the anterior chamber, although a direct communication

has not yet been seen.

c. The choroid coat and the iris {tunica choroidta et iris, tunica

vasculosa).

1. The choroid coat lines the deeper surface of the sclerotic

coat, but is also prolonged under the cornea to form the iris.
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The choroid is firmly attached to the sclerotic in two positions, at

the point of entrance of the optic nerve, and at the line of junction

of the sclerotic and the cornea. Its external surface is closely

applied to the deeper surface of the sclerotic, from which it is only

separated by a very narrow serous cavity (supra-choroidal space),

and to which it is attached by numerous vessels and nerves. The
deep surface of the choroid is covered by the retina, to 'which it

is closely attached^ except at the ora serrata, the attachment beings

especially intimate at the processus ciliares.

The choroid coat consists of a fibrous layer containing- corpuscles

and traversed by a very rich vascular anastomosis. The corpuscles

of this layer are deeply pigmented, in some cases to such an extent

that the oval nuclevis cannot be seen ; the fibrous tissue is also pig--

mented, and has consequently a brownish ting-e. That portion of

the layer immediately below^ the sclerotic is termed i\\e lamina fusca

or suprachoroidea, the vessels on the deej^er surface forming- the

memhrana chonocainllaris. This again is lined on its deeper surface

by a hyaline membrane.

a. The arteries (Fig. 256 YI, VII, VIII) supplying- this coat

are two branches of the arteria oiJtlhalmtca ; these form a capil-

lary network (Fig-. 256 VII) resembling the corresponding struc-

ture found in mammals. The meshes have approximately the

same size, while the capillaries themselves vary considerably in size.

This network is, however, only complete on the nasal, temporal,

Fig. 256.

The vessels of the choroid and iris ; after Hans Virchow.

I . The two roots of the V. bulbi superior. Magnified to times.
II. Vessels of the iris. Magnified 9 times.

III. Origin of the ventral vein.

IV. Schema of the choroid vessels ; seen from the proximal ix)le.

V. Transverse section through the choroid at the equator.

VI. The (jrigin of the choroid arteries from the ophthalmic artery. The greater part of the
sclerotic has been removed. Left eye twice natural size. A. From the proximal pole.
B. From the temporal side.

Vll. Part of a choroidal artery attached to the choriocapillaris. Magnified 10 times.
VIII. A portion of the choriocapillaris, more highly magnified.
IX. The V. ophthalmica and V. bulbi superior on the sclerotic of the right eye. A. Seen from

proximal pole. B. Seen from above. Twice natural size.

A Art. ophthalmica. Ji Branches of the circulus iridis major.
J' Art. choroidea. J{d Distal root of vein of imder surface of eye.
Jn R. nasalis of the ophthalmic artery. lid' Distal root of na.sal vein.
At R. temporalis of the ophthalmic artery. Rd" Proximal root of nasal vein.
ch Area of membrana choriocapillaris. Up' Nasal root of ventral vein.
Le Outer pigmented layer of choroid. H//' Temporal root of ventral vein.
Li Inner pigmented layer of choroid. Vis V. bulbi superior.
N Optic nerve. Vh V. hyaloidea.
)• \ asa recta. Vo V. ophthalmica.
)•' Transitional part between choriocapillaris Vp. Proximal root of vein of under surface of

and ventral wliorl. eye.
»'' Transitional part between' choriocapillaris Vs' Nasal root of V. bulbi superior.

and ui)per whorl. Vs" Temporal root of V. bulbi superior.
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and proximal part of the upper surfaces. Towards the corpus

ciliare the meshes become wider and elongated ; the capillaries then

unite at acute angles parallel with the longitudinal axis of the

eye. The network {choriocapillaris) exists in a simple layer within

the two arteries which form it^ and superficial to the veins (Virchow).

^. The veins of the choroid (Fig. 256 III^ IV, IX) are (i) a vein

which unites at the lowest point of the equator of the eye with the

V. hyaloidea to form (2) the V. ophthahinca, two small branches of the

V. hidbi superior, which unite outside the sclerotic, and (3) the vasa

recta.

(i) The larger vein arises from the greater part of the under

surface of the eye ; it gives off branches to each side, which radiate to

form a ' whorl ' or star-shaped capillary anastomosis (Fig. 256 III),

the two halves of which have no connection. A proximal and a

distal root can be distinguished in the anastomosis ; the distal lies

towards the corpjus ciliare, and occupies exactly one-fourth of the

circumference of the choroid at its junction with the corpîis ciliare.

(2) The two branches of the V. hulbi superior lie alongside the

corpms ciliare on the upper surface, and each occupies one-fourth

of the circumference ; they form a similar though simpler figure

(Fig. 256 I) to the foregoing, each forming one half.

(3) The vasa recta are numerous parallel vessels which arise in the

iris, and coursing centrally empty themselves into the branches of

the V, Imlbi superior on the superior surface, and into the branches

of the venoiTS capillaries on the inferior surface.

2. The iris is covered anteriorly by a layer of endothelium,

continuous with that covering the posterior surface of the cornea,

and of similar character. The border of the pupil {^iiargo piipiUaris)

is of a golden colour, outside this bright ring to its oviter margin

{rnargo ciliaris) the iris is black ; the golden colour is due to the

presence of cells containing a pale yellow pigment ; the nuclei of

these cells are round and granular; the cells themselves have

rounded outlines (Hoffmann). The black portion of the iris con-

tains more irregular, spindle-shaped cells, with round nuclei, which

are hidden by a dense mass of pigment-granules (Iwanoff and

Hoffmann).

The true substance of the iris consists of muscle, nerves, blood-

vessels, and a connective-tissue stroma, but on the posterior surface

is another layer of black, pigmented cells, and tjiis is again covered

with a hyaline membrane, in which, however, a fibrous structure

may be made out (Koganeï).
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The muscle-fibres are long, spindle-cells, which are abruptly

swollen in the middle, where the nuclei are situated ; the nucleus is

oval, 0'009-o-ooi2 mm. in length, 0*0025 mm. broad, and occupies

nearly the whole of the swollen part of the cell (Hoffmann,

Grimhagen).

According to Koganeï the iris possesses a M. cousfndor iridis (I. c.

Berlin Sitzungsber.), but no M. dilatator iridis; in a former publica-

tion [I. c. Arch. mik. Anat.) he was unable to find any muscular

fibre, and holds the muscle-fibres of Griinhagen to be connective-

tissue elements.

The stroma consists of delicate connective-tissue fibrils, enclosing

a very large number of pigmented, branched cells.

a. The arteries of the iris (Fig. 256 II) arise from an arch (see

Vessels of Eye) formed by the Â. ojjhthalmica in the corpus cillare.

It commences between the ventral and temporal surfaces by two

branches : one courses along the temporal border, the other along

the nasal, to meet each other on the nasal surface; the former

courses through one-third, the latter embraces two-thirds of the

circumference at the iris.

The temporal artery courses along the ciliary border during the

first third of its course, it then gradually approaches the border of

the pupil ; the nasal artery runs at once towards the pupil. On
the nasal border of the pupil they anastomose by their branches,

and so form a circulus iridis major.

Except near their termination, no small vessels arise from this

arterial circle ; in Fig. 256 II, for example, only five larger branches

are given off, three from the temporal side and two from the nasal.

The five large branches run towards the circumferential border of

the iris and break up into numerous vessels, which form a very

irregular and open network. From this network arise the vasa

recta already described.

d. The lens is almost spherical, and is composed of cellular ele-

ments enclosed in a capsvile {capsula lentis).

The capsule is a homogeneous, transparent, structureless, and

highly elastic membrane. The deeper surface of the anterior cap-

sule is lined with a simple layer of regular nucleated six-sided

epithelial cells.

The lens itself consists of long, flat fibres ; seen from the surface

these are broad, narrow edge-wise, and in section six-sided prisms.

Those lying parallel to the anterior and posterior surfaces are
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Fig. 257.

Lvoad and thicker, those towards the border are narrower. These

cells are striated, both longitudinally and transversely (Arnold).

The cells near the margin, however, have no transverse striation

(Hoffmann). The cells of the central parts form a much closer and

firmer structure than those at the periphery (Arnold). The peri-

phei'al cells are nucleated, and sometimes even possess two nuclei to

one cell ; the central cells have no nuclei (Arnold).

The cells are held together by a cement-substance and by theii'

serrated surfaces ; the serrations are the cause of the transverse

striations. The fibres of the lens have a simple arrangement : com-

mencing at the middle point or pole of one surface they pass over

the equator to the opposite pole ; consequently the long borders of

adjacent cells are in ju^xtaposition, and their pointed extremities

meet at points in the axis of the lens (Hoffmann).

Ritter has described short, nucleated cells in the centre of the

lens ; these are held by Babuchin to be cells which have been

arrested in their development.

e. The retina is the innermost coat

of the eye; in the recent state it is

pale, soft, and smooth. The structures

composing it are arranged in ten

layers ; from the deeper surface

towards the choroid these are : the

internal limiting membrane, the

optic-fibre layer, the gang-lion layer,

the inner molecular layer, the inner

nuclear layer, the outer molecular

layer, the outer nuclear layer, the

external limiting membrane, the layer

of rods and cones, and the pigment

layer.

These layers are held together by connective-tissue elements,

(i) The internal limiting membrane [J\rembrana fini ifans in-

ferva) will be descril>ed together with the connective-tissue ele-

ments (10).

(2) The optic-fibre layer is formed by the fibres of the optic

nerve. The nerve-fibres in their course towards the eye are

possessed of medullary sheaths, but on piercing the sclerotic these

sheaths are lost. The fibres are now pale, non-medullated, and of

very varying thickness. In the mass of filjres nothing can be seen

except an extremely fine fibrillation and very fine varicosities ; the

-AiTiT/\ivj^TjyV~N-'^~^'^

Fibres from tlie lens of the frog ; after

Hofllinann. Magnifieil 700 times.



THK EYE. 415

productions ( Hoffmann).

Fig. 258.

latter, hoNvever, appear to be artificial

This layer o£ fibres extends over the inner

surface of the retina, and g-radually thins

from the point of entrance of the optic

nerve to the limits of the retina.

(3) The ganglion-layer lies immedi-

ately without the nerve-fibre layer (Fig-.

258 Ù). The gang-lion-cells are small and

usually pear-shaped. The cells possess

large nuclei, round which is a thin layer

of very granular protoplasm. The cells

have inner and outer processes ; the inner

pass into the nerve-fibre layer, the outer

into the inner molecular layer in more or

less radiating directions. Manz claims

to have traced a direct connection between

the inner processes and the fibres of the

nerve-fibre layer.

Each ganglion-cell, whatever its shape

or size, has only one inner process, which

is easily distinguished from the outer

process by its being more glistening, by

the possession of varicosities, and because

this process never branches.

The outer processes are single(Schwalbe)

or rarely double (Hoffmann), and have as

a rule a direction at right angles to the

inner processes. Each outer process is

finely granular, which suggests rather a

prolongation of the cell-substance than

a true process. Frequently they are

branched, sometimes forming two equal

sized processes, which give off finer

twigs ; at other times they appear to

pass through the whole of the inner

molecular layer without undergoing di-

vision (Schwalbe). The processes do not

inosculate (Santi Sirena).

(4) The inner molecular layer (Fig.

258 c) is 0'07-o*o8 mm. thick (Hoffmann), and consists of a finely

Vertical section through retina of

frog ; after Hoffmann. Magni-

fied 5C0 times.

a Internal limiting membrane.
6 Ganglion-cell layer.

r Internal molecular layer.

cl Internal nuclear layer.

(' External molecular layer.

/ External nuclear layer.

// Layer of rods and cones.

h Pigmented epithelium layer.

1. Inner segments of rods and
cones.

2. Outer segments of roils And
cones.

3. Outer transparent segments of

pigmented epithelium.
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granular mass together with the outer processes of the gang-Hon-

layer, and connective-tissue elements.

The granular matter consists of an extremely fine network or

reticulum, through which numerous fine fibres course (Schultze,

Kolliker, Manz, Heinemann, and others) ; according to Schultze

the supposed molecules or granules of others (Henle, Merkel, and

Retzius) are simply the fine meshes of this reticulum. The

branched, outer processes of the ganglion-cells form a rich anas-

tomosis in this layer.

(5) The inner nuclear layer (Fig. 258 d) contains parts of two

kinds of cellular elements ; these are radial nerve-fibres with large

nuclei, and connective-tissue elements (see below, par. 10). The

nerve-fibres are easily distinguished by their spindle-shaped vari-

cosities ; both cellular elements possess large oval nuclei. The

bodies of the cells surrounding the nerve nuclei are almost filled

by the nuclei, which have sharply-defined, rounded nucleoli. The

fibres to which these cells are attached may be distinguished as

inner and outer processes ; the inner process is fine, irregularly vari-

cose, and unbranehed ; the outer process is thicker, finely granular,

and is not varicose (Schwalbe). At the margin of the outer mole-

cular layer the outer processes divide, usually into two branches,

and at an acute angle to each other, though sometimes at a right

ano-le. The further course of these branches in the outer molecular

layer is unknown.

(6) The outer molecular layer (Fig, 358 e) corresponds in

general with the inner molecular layer as regards its structure ; it

is, however, much thinner.

(7 and 9) The outer nuclear layer and the layer of rods and

cones (Figs. 258 /, g, 259). The rods and cones are intimately

connected with the elements of the outer nuclear layer, hence the

two layers are best described together.

The rods \hacilli) have two parts or limbs, an outer and an inner,

which differ in structure, and in chemical and physical characters.

The outer part is highly refractive, the inner more homogeneous

and less refractive, the two parts being' sharply differentiated from

one another.

The outer part is also weakly doubly refracting, the inner has no

trace of this property. The rods are o*o5-o*o6 mm. in length, of

which 0'035-o*04 mm, belongs to the inner limb. The outer

end of the outer limb is more or less rounded ; the whole has a

longitudinal striation (Schultze), due to its being composed of
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rounded fibrils, about twenty-four to each rod (Hensen). The
fibrils are sharply differentiated from each other and have a slightly

spiral course; when seen in transverse section these outer limbs

do not appear to he round

(Schultze), although

others hold them to

be perfectly rounded

(Hoffmann and others),

and that the loss of

the cylindrical form is

due to the methods of

treatment. According

to Merkel the longitu-

dinal striation is caused

by a canalisation of the

outer limb, which ac-

cording to him encloses

the processes of the pig-

mented epithelial layer
;

he is also of opinion that

the spiral appearance is

an artificial product. In

the latter opinion he is

probably wrong, as per-

fectly fresh rods exa-

mined in aqueous humour
show the same spiral

appearance (Hoffmann) :

against the canalisation

view others observe that

the longitudinal stria-

tion is most distinct near

the inner limit of the

outer limb, and that it

is impossible to conceive

that the processes of

the pig-ment-cells should

terminate with such extremely regular ends (Hoffmann).

In the central part of the inner end of the outer limb

-is seen a dark point when the structures are examined in trans-

verse section (Ritter, Manz, Schiess, Schultze, and others). The
E e

s]iiml

Various i^ieparations from the eye of the frog :

chiefl3' from the retina.

1. Rod from retina in aqueous humour, showing

striation.

2. Tlirêe rods and one cone after treatment with osmic acid.

3. 4, 5. Rods examined in recent state.

6, 7. Inner segments of two rods after treatment with osmic

acid.

a Outer limb.

6 Inner limb.

( Lenticular body.

d Nucleus of outer nuclear layer.

e External limiting membrane.
8. Nuclear body from inner nucle;ir layer.

9. Twin-cone.

10. Sustentacular fibre of retina.

11. Surface view of pigmented epithelium of retina.

12. 13. Isolated pigmented cells of retina.

14. Four pigmented cells, rods and cones, external limiting

membrane, and part of outer nuclear layer attached.

15. Two pigmented cells ; each showing three attached rods.

16. Muscle-fibre from the iris.

Figs. I, 2, 3, 4, 5, 6, 7, 8, 9 are magnified 500 times. Fig. 10,

300 times. Fig. 16, 400 times. All are copied from Hoff-

mann's figiu'es.

Figs. 12, 13, 14, 15 are copied from Morano's figures ; Hart-

nack, Oc. II, Obj. g.
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cause of this is not clearly understood ; some hold it to be a

fibre (Ritter^s fibres), others hold it to be an artificial product

(Hensen).

After treatment with certain reagents the outer limbs show a

transverse striation, which is probably produced by the action of

these reagents on the sheath of the outer limbs ; that a sheath is

present is proved by its possession of a different refractive index

(Zenker, Sehultze) to the rest of the outer limb, and this transverse

striation is not seen until the whole organ has undergone consi-

derable post-mortem changes (Hoffmann). Should this change be

allowed to proceed a stage further, the outer limbs of the rods sj)lit

transversely and form small discs from o-ooo5-0"00055 mm. thick
;

this takes place in the outer limb only.

The inner segments of the rods (Figs. 25H, 259) are short (0-020-

0-022 mm.) and of the same thickness as the outer limbs. When
perfectly fresh they appear homogeneous; very quickly changes

commence, which are probably due to coagulation. A plano-convex

figure (Fig. 259) is then seen at the outer portion of the seg-

ment (lens-shaped figure of Sehultze) ; with staining reagents it

gives the same reactions as the outer segment of the rods. The
rest of this segment forms a short cylinder, which probably has no

distinct sheath (Hoffmann, Merkel) ; some observers are inclined to

think that a sheath exists (Landolt, Sehwalbe).

The outer segments of the rods are of two chief sizes (Sehwalbe).

Those of the one kind are large; the second variety occurs less fre-

quently, and the segments are shorter, measuring only 0*002 to

0-0025 '^ïïi- The inner segment is a long, thi-ead-like process,

except where it is swollen to enclose the lens-shaped body.

The rods are much more numerous than the cones, except at one

small spot {imacula luted) on the posterior surface of the retina,

where only cones are found (Krause).

The cones {coni) have each two segments like the rods (Figs. 258,

259). The outer segments are short (4-5 ju), they are slightly

conical and terminate externally in a blunt point ; they possess a

longitudinal striation (Sehultze), and very easily break up trans-

versely into small discs, which, however, do not separate so com-

pletely as in the case of the rods, in consequence of the presence of

a sheath continuous with a sheath on the inner segment.

The inner segments (Figs. 258, 259) have convex sides and

measure 12-14 [i; like the corresponding parts of the rods they

jx)ssess lens-shaped bodies at their junction with the outer segments.
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but the bodies differ in shape, being- bi-convex or rather oval in

form. The inner seg-ments are enclosed in a delicate sheath con-

tinuous with that of the outer segments.

In some cases two cones are united to form a twin-cone ; in such

cases the one is always larger than the other (Fig. 259 9), and has

several peculiarities which distinguish it from the smaller.

The smaller or secondary member of a twin-cone is longer, and

possesses a lens-shaped body which is plano-convex. The lai'ger or

principal member of a twin-cone is shorter, has a plano-convex

body, but also an oval, homog-eneous, glistening body, which is

directly attached to the plano-convex body. The shape of the two

members is also different.

The outer nuclear layer (Fig. 258 _/) is 14-16 [x thick; the

nuclei lie in two layers. The nuclei belonging to rods and cones

have the same characters, each nucleus being a large, oval, hyaline

body, and enclosing a bright nucleolus. Each nucleus is surrounded

by an extremely thin layer of finely granular matter. The inner

processes of the nuclear bodies both of the rods and the cones extend

to the outer molecular layer, are there dilated and serrated, where

they become attached to the outer molecular layer (Schultze, Hoff-

mann). In some cases, however, the inner process of the nuclear

bodies, belonging to the rods, forms only a short fine fibre.

In the case of twin-cones the corresponding parts in the outer

nuclear layer possess two nuclei (Schultze).

(8) The pigment layer (Figs. 258 //, and 259 n, 12, 13, 14, 15)

is not intimately attached to the rest of the retina. It consists of

cylindrical cells in which two parts or segments are sharply diffe-

rentiated ; the external part, directed towards the choroid coat, is

of pale, or colourless granular protoplasm, and occupies one-third

of the length of the cell ; this part encloses a large, round, nucleo-

lated nucleus. This colourless segment of the cell also includes

one or two bright yellow, fat globules (Morano). Seen from the

surface the cells are hexagonal (Fig. 259 n). The remaining

two-thirds of the cells consists of a brush formed of numerous fine

pigmented processes ; the ultimate terminations of the processes,

which lie parallel to each other, are frequently unpigmented ; each

cell possesses thirty to forty such processes (Morano).

The processes extend between the rods and cones as far as the

external limiting membrane (Figs. 258, 259), or sometimes a little

further (Merkel, Morano, Hoffmann). The processes from one

pigment-cell surround a number of rods and cones; according to

E e 2



420 THE SKIN AND THE SENSE-OliGANS.

Morano twelve to fifteen rods and cones may be eneased or sur-

rounded by the processes of a single cell.

The thickness of this layer varies from 60-70 // ; the nuclei of

the cells have a diameter of 10-13
i^,

the width of a single cell is

from 20-25 ju (Hoffmann).

(10) The connective-tissue elements of the retina and the ex-

ternal and internal limiting membranes. The elements of the

retina are supported by connective-tissue elements or sustentacular

cells, which have a radial arrangement_, and which form the two

limiting membranes (Miiller).

Each sustentacular cell (Fig. 359 10) has two segments, an inner

and an outer, the boundary between these lying in the inner nuclear

layer, and being marked by the presence of a large oval nucleus.

The inner segment of each cell terminates internally in a wide ' foot
'

or base, or may form several such after having undergone division

(Schultze) : these bases together form a transparent, thin mem-
brane, the internal limiting membrane {inemhrana linntans interna).

Within the ganglion-layer these cells possess peculiar appen-

dages, which fit round the ganglion-cells and support them

(Schwalbe).

The outer segments of the sustentacular cells extend into the

outer molecular layer, and then break up into irregular processes

which extend radially to the external limiting membrane, and

which they probably form. The external limiting membrane
{memlrmia limitans externa) is therefore a membrane corresponding

to the internal limiting membrane, and formed by the flattened

ends of the processes belonging to the sustentacular cells.

The sustentacular cells have a distinct, resistant cell-wall

(Schwalbe) ; the cell-contents are a finely granular protoplasm, and

a large oval, nucleated nucleus placed in the inner nuclear layer.

f. The ciliary processes have the same structure as the rest of

the choroid coat : the vessels form more or less longitu.dinal meshes

and are more irregular than in the rest of the choroid.

g. The posterior chamber and vitreous body (Fig-. 360). The
vitreous humour occupies the greater portion of the cavity of

the eyeball, l. e. the posterior chamber. The humour consists of a

mass of cells enclosed in a transparent hyaloid membrane {mem-

Irana Iij/aloldea), which is in contact with the internal limiting

membrane of the retina.

The cells forming this structure are small, flattened, transj^arent.
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and nucleated (Iwanoff and Vircliow); according to tlie former

observer the cells have contractile powers.

The hyaloid membrane is described as structureless by Schwalbe,

as fibrous by Pappenheim^ Bowman, and Fuikbeiner.

The vessels o£ the vitreous body (Fig*. 260) are as follows. The

A. Iiyaloldea arises at the lowest point of the corpus ciliare ; it almost

immediately divides into two branches, which form a ring" at a

distance of about 0*5 mm. from the lens and lying- on the surface

of the vitreous body (Fig*. 260 I, II). One, It. nasaJis, passes to

the nasal side and courses through one-fourth of the circle; the

Fig. 260.

The vessels of the vitreous body ; after Hans Virchow.

I. Vessels of the vitreous body ; seen from the deeper pole and slightly from ab<jve. Magnified
6 times.

II. Arteries of the vitreous body of the right eye.

A Seen from the proximal pole.

B Seen from the nasal side.

III. Veins of the vitreous body of the left eye.

A Seen from the proximal pole.

B Seen from the nasal side.

a Nasal vein.

b Temporal vein.

c Branch (constant) of temporal vein.

n R. nasalis of the ophthalmic artery.

t R. temporalis of the ophthalmic artery.

t' Termination of the R. temporalis.

V Ventral vein.

other, R. temporalis, courses through three-fourths of the circle. The
branches are all given off proximally and at right angles to the circle

(Fig. 260 I, II). From the R. nasalis only one branch arises, from

the R. temporalis seven, the first of which corresponds in point of

origin with the branch from the R. nasalis. The branches on the

nasal and temporal surfaces of the vitreous body arc the shortest.



422 THE SKIN AND THE SENSE-ORGANS.

These branches form a capillary network (Fig. 260 I) with

elongated meshes, formed by the capillaries anastomosing at acute

angles. The capillary network is more dense towards the middle

of the proximal surface than in other parts.

The veins arising from this network are three in number (Fig.

260 III) ; two of these accompany the arteries from their origin,

and form a somewhat similar circle around the lens, while the third

passes backwards along the ventral surface of the vitreous body to

the papilla nervi optici. The nasal vein, however, takes a more

proximal course than the corresponding artery, the branches of

which it crosses ; consequently the venous ring is not so perfect as

the arterial. The nasal vein is larger and the temporal vein smaller

than the corresponding arteries.

The ventral vein is formed near the p)o,pMa nervi optici by the

union of two smaller branches. The capillary system of these

vessels has the usual structure of capillaries, the cells being united

by cement-substance (Zimmermann).

The blood-vessels of the vitreous body are accompanied by

lymphatics; according to Iwanoff they completely enclose the

capillaries : Zimmerman contradicts this view, as he has been un-

able to find lymphatics on that side of the capillaries directed

towards the vitreous body.

B. Appendages of the eye.

The appendages of the eye are the eye-muscles (see pp. 55-59),

the eyelids, the Harderian gland, and the lachrymal duct.

a. The eyelids are two in number, an upper and a lower. The

upper eyelid is iiitimately attached to the eyeball and follows the

movements of that organ.

The lower eyelid [memhrana nictitans) is much larger than

the upper and has the same functions as the lower eyelid of higher

vertebrates. It forms a transparent covering for the eyeball, and

is raised by a special muscle (see p. 58) ; functionally it takes the

place of both eyelids of higher vertebrates.

The lower eyelid is a prolongation of the skin, but has only a

few pigment-cells, except at its free margin, and no serous glands.

Mucous glands are found in two or three rows, closely applied to

one another, on the superficial surface of the lid ; on the deeper surface

they are wanting. The stroma of the lid, like the cutis, is of con-

nective-tissue.

Nerve-fibres can be traced in all directions through the substance
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of the lid, forming" a wide-meshed plexus. Around each g-land the

plexus becomes finer and by numerous branchings much closer ; from

the plexus twigs are given off, which divide to form a number of

fibrils traceable into the epithelial cells of the glands (Openchowski).

The vessels of the lower eyelid have been investigated by Strieker,

(/. c.) ; according to him they possess some interesting peculiarities.

Many of these capillaries course within a lymphatic vessel, in

some places the capillary being contracted by a projection from

Fia-. 261.

Prejiaiatiiins from the nictitating membrane of Kana cscidciita to show distribution of ner\es.

I. Preparation of the nictitating membrane to show nervous supply to a capillary vessel ; after

Klein. Hartnack, Oc. Ill, Obj. 8.

a Capillary vessel.

6 Blood-corjjuscles.

(• and d Non-niedullated nerve-fibres.

II. To show distribution of nerves in the epithelium ; after Klein. Hartnack, Oc. IV, Obj. 8.

> Subepithelial nerve-fibres.

,
c Fine fibrils between the deepest epithelial cells.

d Deepest epithelial cells.

its inner wall
; where this is found the accompanying lymphatic

is correspondingly dilated. Such points are especially met with

where the capillaries branch ; in many cases the capillary was con-

tracted to such an extent that the blood-corpuscles were imable

to pass the obstruction. Strieker further observed in the living

tissue that such constrictions could take place in a part which a

short time previously had been comparatively wide and dilated;

further, that many of the nerves were enclosed in similar lymphatics.

Langer, however (/. <?.), describes the vessels as being accompanied

by an irregular network of small lymphatic vessels.

The distribution of the nerves in the lower eyelid has been de-

scribed by Klein. In the epithelium they form a network re-

sembling that found in the cornea (Fig. 261 II) ; along the blood-

vessels the fine fibrils form a perivascular network, which supplies
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fine twigs to the walls of the vessels (Fig". 361 I). He dis-

tinguishes three kinds of pigmented cells.

b. The Harderian gland is situated at the inner angle of the

eye, and is pear-shaped in form. It consists of a number of

racemose glands held together by connective-tissue, the whole being

enclosed in a relatively thick and strong capside of connective-

tissue.

The alveoli have a diameter of 0"040-o"o6o mm. : they possess a

lining of epithelium and a lumen which varies considerably in size.

The epithelial layer is bounded externally by a membrana propria.

The cells are placed eccentrically, they are cylindrical, and com-

posed of finely granular protoplasm ; each cell contains a pale,

rounded nucleus. The ducts of the alveoli are lined with a

single layer of cylindrical epithelium, the cells of which are usually

shorter and narrower than those of the epithelium of the alveoli
;

the ducts open into a single main tube, lined with similar epithelium

but strengthened externally by a layer of connective-tissue. The
glands secrete a fluid which moistens the free surface of the eye.

The Harderian glands are surrounded by a rich capillary anasto-

mosis which completely invests the alveoli.

c. The lachrymal duct opens behind and below into the nasal

cavity (see p. 389), anteriorly it can be traced forwards, as a small

tube imbedded in connective-tissue and lying immediately beneath

the skin, to the outer angle of the eye, where it opens by numerous

tubules.

The lachrymal duct is lined with ciliated columnar epithelium.
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NOTE BY THE TEANSLATOK

Reference has already been made to the views of Messrs. Melland

and Marshall on the structure of muscle-fibres. The opinion that

the striation of voluntary muscle is wholly or in part due to the

presence of a regularly arranged network was previously published

by Retzius, Bremer^ and others. The authors referred to have

now for the first time shown the importance of this network in

all vertebrate muscular tissues, whether voluntary or involuntary.

Mr. Marshall gives the following summary of the result of his

researches, which the Translator has confirmed by his own obser-

vations :

—

I . In all muscles which have to perform rapid and frequent move-

ments, a certain portion of the muscle is differentiated to perform

the function of contraction, and this portion takes on the form of

a very regular and highly modified intracellular network.

3. This network, by its regular arrangement, gives rise to certain

optical effects which cause the peculiar appearances of striped

muscle.

3. The contraction of the striped muscle-fibre is probably caused

by the active contraction of the longitudinal fibrils of the intracellular

network ; the transverse networks appear to be passively elastic, and

by their elastic rebound cause the muscle to rapidly resume its

relaxed condition when the longitudinal fibrils have ceased to

contract ; they are possibly also paths for the nervous impulse.

4. In some cases where muscle has been hitherto described as

striped, but gives no appearance of the network on treatment with

the gold and other methods, the apparent striation is due to optical

effectc caused by a corrugated outline in the fibre.

5. In muscles which do not perform rapid movements, but whose

contraction is comparatively slow and peristaltic in nature, this

pecuhc^r network is not developed. In most if not all of the
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unstripecl muscles of invertebrates there does not appear to be an

intracellular network present in any form, but in the unstriped

muscle of vertebrates there are longitudinal fibres only; these

possibly represent a form of network intermediate between the

ty2)ical irregular intracellular network of other cells and the highly

modified network of striped muscle.

6. The cardiac muscle-cells contain a network similar to that of

ordinary striped muscle.

Ff



DESCRIPTION OF THE FIGURES ON PLATE II.

Fig. i8o (p. 278).

I. Preparation of the mucous membrane of the dorsal surface of tlie mouth and oesophagus to show

the va.scular supply. Arteries red, veins blue ; after Schobl.

II. Small portion of the above to show the dilatations on the capillaries ; after Schobl.

Fig. 187 (p. 285).

Transverse section through the mucous membrane of the fundus of the stomach of Rarm escuknta.

Alcohol preparation, doubly stained with carmine and anilin blue. After Biedermann.

(Oc. II, Syst. 7, Hartnack.)

Fig. 196 (p. 298).

I. Partial injection of the liver from the portal vein (blue) : Rana esculenta.—G. H.

II. Partial injection of the liver from the hepatic vein (red) : Rana esculenfa.—G. H.

III. Complete injection of the liver from the hepatic artery (red) and from the portal vein (blue) :

Rana escuknta.—G. H.

A Portal (interlobular) veins and their branches.

B Hepatic (intralobular) veins and their branches.

C Hepatic arteries and their branches.

Fig. 208 (p. 31 8).

Two sections from the lung of Rana temporaria ; stained with borax- carmine.—G. H.

I. The lung dilated (Hartnack, Oc. I, Syst. 3).

II. The lung contracted (Hartnack, Oc. I, Syst. 7).

A Band of muscle cut transversely.

B Band of muscle cut longitudinally.

C Muscular layer of surface.

Fig. 217 (p. 334). ,

Portions of two transverse vertical sections through the kidney.—G. H.

I. Kidney of Rana esculenta, partial injection of the urinifei'ous tubes vvitli silver nitrate (Hartnack,

Oc. I, Syst. 7).

II. Kidney of Rana temporaria, stained with borax-carmine (Hartnack, Oc. I, Syst. 7).

Fig. 219 (p. 337).

Two portions from a gold preparation of the kidney of Rana escuknta.—G. H.

I. Showing the tendency to split into lobules.

II, Nerve-fibres accompanying the blood vessels.

a Blood-vessels. 6 Nerves.
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pharyngeal, 224.

,, post, palatine, 224.

,, radial, 232.

renal, 333.

,, sciatic, 236.

,, spermatic, 236.

,, subclavian, 231.

,, tibial, 238.

,, ulnar, 233.

„ urino-genital, 235.

,, vertebral, 226.

„ vesico-epigastric, 235.

Articular processes, 17.

Articulations of vertebrae, 19.

,, of atlas, 24.

Arytenoid cartilages, 313.

Astragalus, 50.

Atlas, 18.

Auditory nerve, 172.
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Auditory nucleus, 144.

Auerbach's plexus, 292.

Auricles, 214.

Auriculo-ventricular valves, 216.

Axillary septum, 258.

Axis-cylinder, 202.

Bidder's gangliou, 220.

Bile-ducts, 298.

Bladder, gall-, 295, 299.

„ urinary, 338.
Blood, 262.

Bones and joints, 13.

Bowman's glands, 387.

Brachial nerve, 183.

Brachio-ulnar lymph-sac, 259.

,, radial ,, 259.
Brain, 141.

Calcaneum, 50.

Calcified cartilage, 15.

Canales coccygei, 2 1

.

Canalis vertebralis, 20.

,, rami ant. acustici, 393.
Capitulum radii, 43.

Capsule of labyrinth, 391.

,, of lens, 413.

Carotid arch, 222.

„
_

gland, 223.

Cartilage, calcified, 15.

,, of shoulder-girdle, 40.

,, of skull, 29.

Cartilages of larynx, 312.

,, of nose, 27, 385.

Cauda equina, 135, 189.

Cava recto-vesicalis, 304.
Cavitas sigmoidea niaj., 43.

Central canal of cord, 137.

,, group of cells, 139.

Cerebellum, 148.

Cerebral hemispheres, 1 56.

Chamber, anterior, 409.

,, posterior, 420.

Chiasma, optic, 153, 155, 167.

Chorda dorsalis, 20.

Chordae tendineae, 216.

Choroid coat, 409.

,, plexus of fourth vent., 142, 164.

,, ,, third ,, 153, 164,

Ciliary nerves, 169.

,,
processes, 420.

Circulus iridis major, 413.

Clavicle, 39.

Cloaca, 347.
Columella auris, 25, 390.

Commissura anterior, 159.

,, inferior, 140.

,, posterior, 159.

,, superior, 140.

,, transversa, 154.

Common bile-duct, 296.

Cones, 418.

Conus medullaris, 135.
Coracoid, 39.

Coracoid foramen, 39.

Cornea, 406.

Corpora quadrigemina, 152.

Corpus callosum, 158, 159.

,, striatum, 158, 159.

Corpuscles of blood, 263.

,, of Hassall, 321.

Coverings of brain and cord, 162.

Cranial nerves, 141, 167.

Cranium, 23.

Cricoid cartilage, 312.

Crista acustica, 397.

,, deltoidea, 41.

,, medialis, 42.

Crusta petrosa, 279.
Cupula terminalis, 39S.

Cutaneous glands, 372.
Cuticula dentis, 279.
Cutis, 369.
Cystic duct, 295.

Dentale, 35.

Dentary, 34.

Dentine, 279.

Descemet's membrane, 407.
Dorsal lymph-sac, 255.

,, roots, 140.

,, septum, 252.

Duct, common bile-, 296.

„ cystic, 295,

Ductus choledocus, 296.

,, endolymphatieus, 39S.

,, fenestra ovalis, 394.

,, perilymphaticus, 395.

,, Wirsungianus, 301.

Dava mater, 162.

Ear, 389.
Enamel, 279.
Enlargements of cord, 133, 137.

Epicoracoids, 37.

Epidermis, 367.
Epiglottis, 317.
Episternum, 36.

Epithelium of ventricles, etc., 160.

Exoccipitals, 23.

External limiting membrane, 420.

Extrastapedial, 26, 390.

Eye, 405.
Eyelids, 422.

Facial nerve, 171.

Fat-bodies, 348.

Femoral lymph-sac, 260.

Fibrae arcuatae cerebelli, 149.
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Fibres of brain, i6l.

Filiform papillae, 380.

Filurn terminale, 135.

Foramen condyloideum, 24.

„ magnum, 23.

„ Monroi, 157.

,, ovale, 24.

,, pariétale, 156.

,,
rotundum, 392.

Formatio reticularis, 140.

Fossa condyloidea, 24.

„ tympanica, 24.

Fourth ventricle, 142.

Fronto-parietal bones, 26.

Fungiform papillae, 380.

Gall-bladder, 295, 299.

Ganglia of bladder, 340.

„ of heart, 220.

„ of spinal, 177.

Ganglion ciliare, 16S.

„ condyloideum, 173.
^ „ Gasserii, 168.

,, interpedunculare, 152.

„ layer, 415.

,,
nervi vagi, 173.

Gasserian ganglion, 16S.

Glands, Bowman's, 387.

„ cutaneous, 372.

,, gastric, 285.

,, Harder's, 424.

,, intermaxillary, 280.

,, Lieberkiihn's, 2S8.

,, nasal, 386.

,, oesophageal, 283.

,, of nictitating membrane, 423.

,, periganglionic, 180.

,, thymus, 320.

,, thyroid, 322.

Glossopharyngeal nerve, 172.

Goblet-cells, 289.

GoU's columns, 140.

Grey matter, 139.

Hair-cells of ear, 404.

„ of nose, 388.

Harder's glands, 424.
Hassall's corpuscles, 321.

Heart, 213, 214.

„ endothelium, 320.

„ muscle, 216.

,, nerves, 219.

,, structure of, 216.

Hepatic arteries, 42 1

.

„ portal system, 248.

,, veins, 297.
Hip-joint, 49.
Humerus, 41.

Hyaloid artery, 421.

,, membrane, 421.

Hyoid, 35.

Hypoglossal nerve, 182.

Ilia, 47.
Iliac lymph-sac, 257.

„ septum, 253.

Inferior femoral septum, 259.

,, sinus, 383.
Infundibulum, 153.

Inguinal septum, 254.

Inner molecular layer, 415.

,, nuclear ,, 416.

Interfemoral lymph-sac, 260.

Intermaxillary glands, 280.

Intermediate fem. septum, 259.
Internal ear, 391.

„ limiting membrane, 414, 420.

„ muscles of eye, 413.
Interstapedial, 25, 391.

Intestine, 286.

Intumescentia ant. and post., 135.

Iris, 412.
Ischia, 48.

Kidney, 332.
Knee-joint, 50.

Labyrinth membranous, 395.

„ osseous, 391.

„ structure, 402.
Lachrymal duct, 38 7.

Lagena cochlea, 400.

Lamina fusca, 411.

„ suprachoroidea, 41 1.

„ terminalis, 153, 1^7.

Large intestine, 292.

Laryngeal nerve, 175.

Larynx, 311.

Lateral group of cells, 139.

„ lymph-sac, 255.

,, sense-organs, 379.

,, sinus, 380.

Lens, 413.
Lieberkiihn's glands, 288, 293.
Ligament, calcanei, 19.

,, coronarium, 303,

,; gastro-duodenale, 305.

„ hepato-duodenale, 2S7, 295,

305-

„ intercruralia, 19.

,, interspinalia, 19.

„ pectinatum iridis, 409.

,, suspensor. hepatis, 304.

,, verteb. comm. ant., 19.

„_ „ „ post., 19.

Limiting membrane, external, 420.

,, „ internal, 414, 420.

Lips, 275.

Literature on adrenals, 330.
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Literature on alimentary canal, 268.

,, ,, blood, 211.

,, ,, blood-vessels, 205.

,, ,, bones and joints, 13.

,, „ cartilage, 431.

,, „ connective tissues, 432.

,, ,, ear, 356.

„ embryology, 436-437.
', eye, 360.

,, ,, fat-bodies, 330.

,, „ gall-bladder, 272.

„ general, 435-436.
,, „ heart, 205.

,, ,, intestine, 270.

,, ,, larynx, 309.

,, ,, liver, 272.

,. „ lungs, 309.

,, „ lymph, 211.

,. „ lymphatic system, 209.

,, ,, mouth, 26s.

,, ,, muscle structure, 427.

„ ,, muscles, 54.

,, ,, nervous system, 122.

„ nose, 357.

,, „ pancreas, 272.

,, ,, peritoneum, '274.

,, ,, respiratory system, 309.

,, „ skin, 353.

,, ,, spleen, 273.

,, ,, taste-organs, 356.

,, ,, thymus, 310.

,, ,, thyroid, 310.

,, touch-organs, 356.

,, urino-genital system, 326.
Liver, 294.

,, cells, 298.

,, pigment of, 299.
,, vessels of, 297.

Lower eyelid, 422.

,, nasal glands, 386.
Lungs, 317.
Lymph, 264.

Lymph-hearts, 261, 264.
Lymph-sacs of ant. extremity, 258.

,, ,, of hinder extremity, 259.

., ,, of trunk, 251, 255, 264.
Lymphatic system, 251.

Macula lutea, 419.
Malpighian bodies of kidney, 334.

,, ,, of spleen, 303.
Mandible, 34.

Maxillary bones, 32.

,, septum, 253.

Meckel's cartilage, 35.
Mediostapedial, 25, 390.
Medulla oblongata, 142.

Medullary segments, 202.

,, sheath, 201.

Medullated nerves, 201.

Meissner's plexus, 291.

Membrana choriocapillaris, 411.

,, limitans ext., 420.

,, ., int., 414, 420.

,, nictitans, 58, 422.

,, suprachoroidea, 411.
Membrane of Descemet, 407.
Membranous labyrinth, 395.
Mentomeckelian cartilage, 35.
MesoceiAalic ganglion, 168.

Metacarpus, 46.

Metatarsus, 52.

Meynert's fibres, 155.
Molecular layer, inner, 415.

„ ,, outer, 419.
Motor-oculi, 167.

Mouth, 275.
Movements of hand, 46.

Mucous glands of skin, 375.
Miiller's fibres, 420.

Muscle, histology, 433.
Muscles, 53.

Muscles of abdomen, 67.

,, back, 71.

„ ,, cloaca, 347.

,, ,, eye, external, 55
,, ,, ,, internal, 413.

,, ,, face, 59.

„ ,, foot, 105.

,, ,, forearm, 84.

,, ,, forelimb, 75.

,, hand, 87.

,, ,, hinder limb, 94.

„ ,, hyoid, 64.

,, larynx, 315.

,. ,,' low^er jaw, 60.

,, ,, skin, 119.

Muse, abduct, dig. I brev., 114.

„ n „ 92.

» „ ,, long., 91.

„ V, 113.

,, V brev., 116.

„ ,, I long., no.
„ II ,, 86.

,, ,, V prim., 91.

,, ,, V secund., 91.

,,
hallucis, 109.

,, pollicis, 87.

,, brev., 114.

adduct. brev., 100.

,, dig. I long., 109.

„ 11,89.

„ V, 113.

,, longus, 99.
magnus, 99.
pollicis, 87.

anconaei, 87.

antibrachii lat., 85.

,, med., 85.

„ prof., 85.

biceps fern., 96.

coccygeo-cutaneus, 1 20.

,, -iliacus, 74.
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Musc, coccygeo-sacralis, 73-

,, compressor cloacae, 348.

., constricbor aditus laryngis, 315.

,, constrictor iridis, 413.

., coraco-humeralis, 82.

,, cucullaris, 71.

,, cutaneus dorsi, 119.

,, „ pectoris, 119.

,, dilator aditus laryngis, 315.

deltoideus, 82.

,, depressor maxill. inf., 60.

,, „ palpebrae inf., 58.

,, dilator iridis, 413.

,, „ narium, 59.

extensor brevis, 106.

,, carpi ulnaris, 86.

,, ,, cruris brevis, 104.

,, ,, digit. I brev., 114.

,, ,, ,, ,, long., 114.

,, „ ., II brev., 114.

„ M V „ long., 114.

,, ,, ,, ,, prop, brev., 92.

,, ,, .. ,, „ long., 92.

,, ., III brev., 115.

., „ .. ,, long., 115.

„ ,
,, „ prop., 93.

,. IV, 116.

,, ,, „ ,, brev., 116.

„ prop., 93.

,, ,, ., V brev., 115.

,, ,, long., 115.

,, ,, comni.brev., 91.

„ . „ „ long., 87.

,, ,, dorsi comm., 73.

,, flex, antibrach. lat. superf., 85.

,. ,, ,,
med. 85.

,, ,, _ _

prof., 85.

,, ., brev. digit. I, 100.

„ „ „ „ IV, 112.

„ „ " . " .
V, 113.

,, ,, carpi radialis, 84.

,, ,, ,, ulnaris, 84.

,. ,, digit, comm., 85, 87.

„ „ „ I, II, 108.

,, ,, ,, II brev., 89.

„ II long., 88.

,, ,, ,, II prop., iio.

,, II tert., 89.

,. III brev., 89.

„ ,, .. III long., 89.

,, ., ,, III prop., III.

„ .. „ III, IV, V, 107.

., ,, ,, IV brev., 90.

,, long., 90.

., ,, prop., 112.

,, ,, ,, V brev., 90.

!> M )> ), long., 90.

„ >, prop., 113.

,, ,, metacarp. digit. Ill, 90.

„ ,, „ „ IV, 90.

„ ,, metatars. digit. II, no.
„ ,. „ „ 111,111.

Musc. flex, metatars. digit. IV, 112.

„ ,, phal. prop. dig. Ill, 112.

,, ., ,, ,, „ IV, ant., 113.

,, ,. ,, ,, „ IV, post., 113.

„ „ :, ,. M V, 90.

„ ; „ „ 113-

,, ,, tarsi ant., 104.

,, ,, ,, post., 114.

,, gastrocnemius, 102.

,, genioglossus, 66, 281.

,, geniohyoideus, 64.

,, glutaeus, 94.

,, hyo-arytenoideus anterior, 315.

,,
posterior, 315.

,, hyoglossus, 66, 281.

,, ilio-iibularis, 96.

„ ilio-lumbaris, 74-

,, ilio-psoas, loi.

,, infraspinatus, 79.

,, intercrurales, 75-

., interossei, 93, 113.

„ ,,
dorsales, 1 16.

,, interscapularis, 78.

,, intertransversar, cap. sup., 75.

„ „ inf., 75.
dorsi, 75.

lateralis narium, 60.

,, latissimus dorsi, 72.

levator ang. scap., 76.

,, ,, bulbi, 57.

,, longissimus dorsi, 72.

,, lumbricales, 108.

masseter, 62.

„ nasalis ext., 60.

,, obliquus ext., 67
inf., 56.

,, „ int., 67.

„ ,, sup., 56.

„ obturât., 182.

,, omohyoideus, 65.

., opponens dig. I, 110.

,- n, 89.

„ „ V, 90.

,, palmaris brev., 87.

,, pectineus, 100.

pectoralis, 80.

petroLyoideus ant., 65.

,. petrohyoidei post., 66, 315.
.. . plantaris, 107.

protrahens scap., 76.

pterygoideus, 61.

,, pyrilbrmis, 95.

quadratus fern., 112.

rectus abdom., 67.

,, extern, bulbi, 55.

,, ,, fem. ant., 95.

,, ,, infer. ,, 55.

,, ,, inter. ,, 55.

,, ,, intern, maior, 97.

,, ,, super, ant., 56.

., ,, intern, minor, 98.

,, reiractor bulbi, 56.
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Musc, sartorius, 97.

„ semimembranosus, 97.

,, semitendinosus, 100.

,, sphincter ani, 347.

,, sternohyoideus, 64.

sternomastoideus, 76.

„ sternoradialis, 82.

„ submaxillaris, 62.

,, submentalis, 63.

,, subscapularis, 78.

., temporalis, 61.

,, tibialis ant., 104.

„ post., 103.

,, transverao-scapularis maior, 77.

,, ,, „ minor, 77.
transversus metacarp., 93.

,, ,, plant., io8,

., triceps femoris, 95.

,, vastus ext., 96.

„ ,, int., 96.

Nasal bones, 33.

,, cartilages, 385.

,, glands, 403.
Nephrostomes, 336.

Nerve, abducens, 171.

,, auditory, 172.

,, brachial, 183.

,, facial, 171.

fifth spinal, 187.

fourth spinal, 18S.

,, glossopharyngeal, 172.

hypoglossal, 182.

,, laryngeal, 175.

,, oculo-motor, 167.

,, olfactory, 167.

,, optic, 167, 405.

,, pathetic, 142, 168.

,, palatine, 169.

,, peroneal, 195.

,, pneumogastric, 173.

,, radial, 186.

,, sixth spinal, 188.

,, spinal, 175.

,. structure of, 201.

,, sympathetic, 197.

„ third spinal, 188.

,, tibial trigeminal, 168.

„ vagus, 173.

Nerves, 167.

,, of Cornea, 408.

,, ear, 403.

,, ,, heart, 219.

,, lungs, 319.

,, ,, oesophagus, 286.

„ skin, 378.

„ ,, stomach, 286.

Nervi ciliares, 169.

Nervus coccygeus, 189.

,, coraco-clavicularis, 183.

,, cruralis, 189.

Nervus cut. antibrach. inf , 185.

cut. antibrach. sup., 185.

cut. dorsi pedis lat., 196.

,, ileo-hypogastricus, 189.

,, peroneus, 195.

,, ,, comm. inf., 196.

„ ,, lateralis, 196.

,, ,, medialis, 196.

,, ramus accessorius, 174.

,, ,, anterior, 173.

,, ,, auricularis, 172.

,, ,, cardiacus, 175.

,, „ cut. axillaris, 183.

,, ,, cutaneus dor^., 174.

,, ,, ,, cruris lat., 196.

., ,, „ „ med., 194.

,, ,, ,, ,, post., 194.

„ ,, „ fem., 189.

lat., 187.

., ,, ,, med., 186.

,, ., „ sup., 186.

,, ,, dorsalis, 185.

,, ,, gastricus, 175.

,, ,, hyoideus, 172.

,, ,, hyomandibularis, 172.

,, ,, laryngeus, 175.

,, ,, lateralis, 185.

,, ,, mandibularis, 170.

,, ,, maxillaris, 170.

,, ,, maxillo-mandibulariK,i7o.

,, ,, muscularis, 187.

,, ,, ophthalmicus, 169.

,, ,, palatinus, 171.

,, ,, pectoralis, 185.

,, ,, posterior, 173.

,, ,, pulmonalis, 175.

., ., scapularis, 174.

,, ,, subscapularis, 185.

,, ,, ulnaris lat., 186.

,, „ ,, med., 185.

„ tibialis, 194, 195.
Neurilemma, 201.

Nictitating membrane, 422.

Non-medullated fibres, 202.

Nose, 383.

„ skeleton, 27, 383, 385.

Nuclear layer, inner, 416.

,, „ outer, 416.

Nucleus aladucens, 146.

,, auditory, 144.

„ centralis, 144.

,, magnus, 147, 152.

,, medullae oblongatae, 144.

,, pneumogastric, 146.

,, trigeminal, 145.

Oculo-motor nerve, 167.

„ nucleus, 151.

Oesophageal glands, 283.

Oesophagus, 282.

Olfactory nerve, 167.
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Omosternum, 36.

Operculo-angulare, 35.
Operculum, 25.

Optic chiasma, 153, 155, 167.

„ commissure, 154.

,, fibre layer, 414.

„ lobes, 149.

,, nerve, 167, 405.

,, tracts, 152.

Os articulare, 35.

capitato-hamatum, 45.

cuboideum, 51.

cuneiformia, 52.

en ceinture, 27.

lunatum, 44.
multangulum maius, 45.

,, minus, 45.
naviculare of foot, 5 1 .

,, of hand, 45.
occipitale basilare, 23.

,, superius, 23.

pyramidale, 44.
Ostium abdominale, 304, 345.
Outer nuclear layer, 416.

Ovaries, 344.
Oviducts, 304, 345.

Palatine artery, 224.

,, bones, 33,

,, nerves, 169.

Pancreas, 300.

Papilla acustica lagenae, 400.
Papillae of skin, 370.

„ of tongue, 380.
Parasphenoid, 26.

Pars basilaris cochleae, 400.

,, commissuralis, 147, 152.

„ media, 135.

„ neglecta, 400.

„ peduncularis, 143, 152.

Partes condyloideae, 23.

Pathetic nerve, 142, 16S.

Pectoral lymph-sac, 255.

„ septum, 253.
Pelvis, 47.

Pericardium, 213.

Periganglionic glands, iSo.

Perilymphatic space, 393.
Perineal septum, 253.
Peritoneum, 303.
Phalanges of foot, 52.

,, ,, of hand, 47.
Pia mater, 162.

Pigment of cerebellum, 149.

,, ,, cord, 141.

,, ,, hemispheres, 160.

,, ,, liver, 299.

„ ,, medulla, 148.

,, „ optic lobes, 152.

,, ,, thalamencephalon, 155.

„ „ skin, 730.

Pigment-layer, 419.
Pineal body, 155.
Pituitary body, 154, 156.

Plexus, Auerbach's, 292.

,, lateralis, 165.

„ Meissner's, 291.

Pneumogastric nerve, 146, 173.

,, ,, nucleus, 146.

Pons Varolii, 149.
Portal systems, 247.

,, vein, 297.
Posterior chamber, 420.

Pre-arytenoid cartilages, 314.
Precoracoid, 40,

Premaxillary bones, 33.

Processes, articular, 17.

,, spinous, 17.

,, transverse, 17.

Processus coracoideus, 40.

,, coronoideus, mandible, 34.

„ ,, ,, radio-ulnar, 43.

,, mastoideus, 24.

,, zygomaticus, 30.

Prootic bones, 24.

Pterygoid bones, 31.

Pubes, 49.

Pulmo-cutaneous arch, 230.

Pulp-cavity, 279.
Purkinge's cells, 148.

Radio-ulnar, 43.
Rami communicantes, 181, 199.
Rana aquatica, 3.

,, esculenta, 4.

,, flaviventris, 7.

,, gibbosa, 3.

' ,, innoxia, 3.

„ oxyrhinus, 7, 9.

„ rubeta, 3.

,, temporaria, 7.

Receptaculum seminis, 337.
Recessus utriculi, 396.
Remak's ganglion, 220.

Renal arteries, 333.

,, portal vein, 332.

„ veins, 333.
Reproductive organs, 341.
Retina, 414.
Retinal pigment, 419.
Ritter's fibres, 418.

Rods and cones, 416.
Roots of spinal nerves, i 75.
Round bundle, 154, 159.

Saccus endolymphaticus, 395, 398.

,, fenestra ovalis, 395.

,, perilymphatious, 395.
Sacrum, 19.

Scapula, 37.

Sciatic artery, 236.

,, nerve, 192.

,, plexus, 191.
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Sclerotic coat. 405.
Seraicircular canal, ant., 396.

„ „ „ ext., 39S.

„ „ „ post., 398.
Septa, of lymph-sacs, 252.

Septum medium, 1 39.

Serous glands of skin, 372.
Shoulder-girdle, 37.

-joint, 42.

Sinus, superior, 383.
Sinus yenosus, 2 14.

Skeleton, 15.

„ of nose, 27, 383, 385.

Skin. 367.
Skull. 21.

Small intestine, 286.

Sphenethmoid. 27.

Spinal cord, 135.

„ ganglia, 177.

;, nerves, 135, 175. 181.

„ roots of, 175.

Spinous processes, 17.

Spleen, 302.

Squamosal bones, 30.

Sternum, 36.

Styloid cartilage, 25.

Submaxillary lymph-sac, 255.

Substantia reticulosa. 138.

Sulcus longitud. inf., 135.

„ -r sup., 135.

Superior sinus, 383.

Supplemental toe, 5, 47, 374-
Supra-femoral lymph-sac. 260.

,, ,. septum, 259.

Suprascapula, 37.

Suprastapedial, 26. 390.

Suspensorium, 30.

Sylvian aqueduct, 150.

Sympathetic system, 197.

Symphysis pubis, 48.

Systemic arch, 226.

Tactile sensation, organs, 377.

Taste-organs, 380.

Teeth, 278.

Tegmentum va.?culo5um. 395, 402.

Temporary papillae. 370.
Testis, 341.
Thalamencephalon, 153.

Thalamus-tubercinereum strand,

155. 159.

Third ventricle, 153.

Thymus gland, 320.

Thyroid gland, 322.

Tibio-femoral septum, 260.

Tibio-fibula, 49.
Toes, 5, 47, 374.
Tongue, 280.

Tonsils, 323.
Touch-corpuscles, 379.

„ -spots, 378.

Transverse processes, 17.

Trigeminal nerve, 16S.

,, nucleus, 145.
Trochlear nerve, 16S.

Truncus arteriosus, 216.

Tuberculus maius, 42.

Tympanic membrane, 3S9.

,, ring, 26.

Tympanum, 389, 390.

Upper nasal gland, 386.

Ureters, 337.
Urinary bladder, 338.

„ organs, 332.
Uriniferous tubes, 334.
Urino-genital system, 33
Urostyle, 21.

Utricle, 396.

Vagus, 173.

Valvula cerebelli, 148.

Vasa efiferentia, 341.

,, recta, 412, 413.
Vein, anterior abdominal, 248.

caval. 241.

orbital, 245.

tibial, 2ÎO.

,, brachial. 246.

cardiac, 249.

caval anterior, 241.

,, posterior, 246,

cutaneous, 244.

„ dorso-lumbar, 248.

,, external jugular. 241.

facial, 245.

femoral, 249.

,. gastric, 249.

haemorrhoidal, 249,

hepatic, 247. 297.

hepatic portal, 249.

iliac, 247.

innominate, 242.

internal jugular, 243.

intestinal, 249.

jugular, externa], 241.

,, „ internal, 243.

lingual, 24I.

mandibular. 242.

median orbital, 243.

nasal. 245.

ophthalmic, 412.

orbital anterior, 245.

,, ,. median, 243.

,, ,, posterior. 245.

„ ovarian, 247.

„ oviducal, 248.

portal, 297.

posterior caval, 246.

posterior orbital, 245.
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Vein, pulmonary, 241.

„ radial, 246.

„ renal, 247, 333.
„ renal portal, 332.

,, sciatic, 247, 250.

„ spermatic, 247.

,, splenic, 249.

,, subclavian, 244.

,, subscapular, 244.

,, ulnar, 246.

,, vertebral, 244.

Veins, 241.

Vena bulbi anterior, 222.

,, ,, superior, 412.

,, ,, posterior, 222.

,, spinalis anterior, 164.

,, ,, posterior, 165.

„ ,, superior, 164.

Ventral lymph-sac, 255.

Ventral nucleus, 155.

,, septum, 252.
Ventricle of heart, 215.
Ventricles of brain, 153.

,, of larynx, 316.
Vertebrae, 16.

,, structure of, 20.

Vertebral column, 16.

Vessels of brain, 162.

„ of liver, 297.
Vitreous body, 420.
Vocal cords, 315.

,, sacs, 320.
Vomerine teeth, 276.

Vomers, 34.

Webs, 5, 275.

Wrist-joint, 45.

THE END.

G ff





Plate

Univerfity Prefs Oxford.





Tiie Anatomy of the Ffo Plate II

Kig. J87

r
U.Jf A., fi

L, f

T.C. #

^ 1
•"^*i

::^^

\ y

Fiu.Ln)8

""'^'^•?:*!lifc2i!:.';'.'•'^Syiiii^-V'Vssi;;:

Univerfiiy P



i



TRANSLATIONS OF
FOREIGN BIOLOGICAL MEMOIRS.

I.

The Physiology of Nerve, of Muscle, and of the
Electrical Organ. Edited by J. Burdon-Sanderson, M.D., F.R SS.

L. & E., Waynflete Professor of Physiology in the University of Oxford.

Medium 8vo., cloth, price 21^-.

II.

The Anatomy of the Frog. By Dr. Alexander Ecker,

Professor in the University of Freiburg. Translated, with numerous

Annotations and Additions, by George Haslam, M.D. ; and profusely

Illustrated.

III.

Contributions to the History of the Physiology of
the Wervous System. By Professor Conrad Eckhard. Translated

by Miss Edith Prance. In Préparation.

IV.

Essays upon Heredity and Kindred Biological
Problems. By Dr. August Weismann, Professor in the University of

Freiburg-in-Breisgau, Authorised Translation edited by Edward B.

PouLTON, M.A., F.L.S., F.G.S., Tutor of Keble College, Lecturer in

Natural Science, Jesus College, Oxford; Selmar Schonland, Ph.D.,

Sub-Curator of the Fielding Herbarium in the University of Oxford
;

and Arthur E. Shipley, M.A., F.L.S., Fellow and Lecturer of Christ's

College, and Demonstrator of Comparative Anatomy in the University

of Cambridge. Medium 8vo.. cloth, price \^s.

Oxford

AT THE CLARENDON PRESS

LONDON: HENRY FROWDE
OXFORD UNIVERSITY PRESS WAREHOUSE, AMEN CORNEE. E.C.









3 2044 093 318 095

Date Due

mni ^ T to^?-

Mt)^ -i

I ipi^Y

t^
' » ' luijyr

yUL..i» il W^

SEP -' 1968




