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PREFACE.

THE following “Lessons in Elementary Anatomy” are n-
tended in the first place for teachers and for earnest students
of both sexes, not already acquainted with human anatomy.

1 have endeavoured, secondly, by certain additions and by
the mode of treatment, to fit them for students in medicine
and generally for those acquainted with human anatomy, but
desirous of learning its more significant relations to the
structures of other animals.

My hope is that this little volume may thus serve as a

. handbook of Human Morphology.

Man has been sclected as the type, because his structure
has been the most studied and is the most intimately known,
as also because our own framc js naturally the most interest-
ing to ourselves. But this book has no pretension to be a
“ Comparative Anatomy.” It does not profess to give a com-
plete account of the anatomy of any group of animals, It
contains but a selection of facts intended to illustrate the
variations which nature shows in that type of structure to
which man’s body belongs.

So far as I am aware, this endeavour is the first of its
special kind, and I have felt much difficulty as to the facts to
be selected, fearing on the one hand to overload an elemen-
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tary lesson book, and on the other to make its contents too
scanty. It would of course be easy indefinitely to add t the
details herein stated regarding the structure of the animals
referred to. Some readers, no doubt, will expect greater
detail ; and I can hardly hope, in this first essay, not to have
overlooked points it might have been desirable to bring
forward.

Others may be disposed to think that too large a portion
of the book is devoted to the consideration of the skeleton
only. i

This predominance has, however, been deliberately assigned
to the osseous structures for the following reasons :—1. The
general resemblance borne by the skeleton to the external
form; 2. The close connexion between the arrangement of
the skeleton and that of the nervous system, muscles, and
vessels ; 3. The relations borne by the skeleton of each
animal to the actions it performs, Ze. to the mode of life and
habits of the various animals ; 4. The obvious utility of the
skeleton in classification and the interpretation of affinity ;
5. Parts of the skeleton, or casts of such, are all we possess
of a vast number of animals formerly existing in the world,.
but now entirely extinct ; a good knowledge of the skeleton
must therefore be of great utility to those interested in
Palzontology. .

Moreover, it is a recognized maxim with teachers of (exclu-
sively) human anatomy that a thorough knowledge of the
bones is not only a necessary preliminary to other anato-
mical knowledge, but that the latter is acquired with com-
parative ease when the first has been well mastered. I have
deemed it advisable to act on this maxim in teaching the
anatomy generally of man and of the animals hercin
referred to.
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Certain of the facts noticed in these Lessons are recent
addittns to science, yet in hardly any instance has rcference
been made to their discoverers. Such references have been
omitted in order not to overload a school book with notes.
Indeed, 1 make very little claim to originality except as
regards the special mode adopted in my treatment of the
subject. By this I mean the exposition parz passu of the
facts of human anatomy with a selection of those most
interesting and important in the anatomy of animals formed
on the same type as man himself.

The originals of many of the woodcuts are from the works
of Professors Owen, Huxley, and Flower, and of Mr. Parker
and others.

Some original drawings have been made from specimens
preserved in the Museum of the Royal College of Surgeons
and of the British Museum. Some have been added from
specimens in my own collection.

I am happy here to express my obligations for the ready
kindness with which my requirements for illustration have
been supplied.

I also feel it no less a duty than a pleasure to declare how
much I am indebted to a near relative, Mr. Henry Davies
Chapman, for having kindly undertaken, amidst the pressure
of other avocations, a patient revisal of the proofs of the
present work, the publication of which, but for this timely
assistance, might have been indefinitely delayed.

7, NorRTH BANK, REGENT'S PARK,
November 1872,
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LESSON 1.

A GENERAL VIEW OF THE STRUCTURE OF TIIE HUMAN
BODY AND ITS RELATIONS 70 OTHER ANIMAL BODIES.

1. NO object can be understood by itself. We compre-
hend any thing the better the more we know of other things
distinct from, but related to it.

“You understand a particular kind of animated being,
when looking inwards you see how its parts constitute a
system, and again looking outwards and around, how this
system stands with regard to other types of organized
existence.”!

Man is an animal, and feels—in other words, forms one of
a multitude of different kinds of organized and sentient beings,
the bodies of which have obvious, but very various, relations
with his body. It is clear, then, from the nature of the case
that man’s body can only be comprehended by means of an
extensive acquaintance with the bodies of other animals.

Experience confirms this conclusion: as the exclusive
study of man’s body, though sufficient for the mere art of the
surgeon, has led to quite erroneous estimates of the naturc
and meaning of parts of it; errors corrected onjy through

} - 1 Essays by James Martincau ; Second Series, p. 417.



2 ¥ ELEMENTARY ANATOMY. [LESS.

1 .
the general science of organic forms, 7ze. the science of
Morphology.*

2. Theoiy)dy of man has a more or less rounded outline,
and its various surfaces are curved. Moreover, as everyone
knows, it is made up of different parts and organs—hard and
solid structures (boncs) being enclosed by soft and pulpy
flesh. Indeed nearly all parts of man’s body contain much
water : thus even 70 per cent. of the human brain is com-
posed of that fluid.

As to chemical composition, most ingredients of the human
body (unlike the fat) contain nitrogen; while a pecuhar
organic substance termed profern?® (formed of the gases
oxygen, hydrogen, nitrogen, and of the solid element carbon)
constitutes its basis and foundation.

3. Man’s body is evidently divisible into head, trunk, and
limbs.

Certain symmetrical relations and contrasts between dif-
ferent parts of the human frame are obvious.

Thus there is a contrast between its anterior and its hinder
aspect, and this contrast extends along cach limb to the ends
of the fingers and toes. The hinder aspect in all cascs is
termed “ dorsal,” the anterior one “ ventral,” and, indeed, we
familiarly speak of the dack of the hand.

Again, there is a resemblance (and at the same time a con-
trast) between the right and left sides, which correspond with
tolerable exactitude one to the other. This harmony, termed
bilateral symmetry, though obvious externally, does not in
man extend to the internal organs (or viscera), which are
more or less unsymmetrically disposed.

Thirdly, there is a resemblance and correspondence between
parts placed successively, as, for example, between the arm
and the leg, or between the hand and the foot ; although this
relation is less obvious than it might be, owing to the differ-
ent directions in which the knee and elbow are bent. Such
@ symmetry is termed ser7al, and is thus externally visible ;
but it is more manifest on a deeper examination, where we
find successive parts like the ribs or the pieces of the back-
bone, which obviously resemble each other more or less, and
so are called by a common name, while as they are placed
in “ series ” they are excellent examples of serial symmetry.

4. As is familiar to all, man’s body consists of a solid frame-

* Morphology, from the Greek words jiopgn, form, and Aévog, discourse
* Protein, from mp@irag, first; mpwredew, to be the first; mpwreloy, the first
ylace ; because it holdy the first place in relation to the albuminous pringiples.
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work (the bony skeleton), on which are laid bundles and layers
of flesh or muscle, the whole being enclosed by skin.

An external opening, the mouth, is the beginning of a long
and convoluted alimentary tube, which varies in size in dif-
ferent parts before reaching its termination, and has annexed
to it a variety of glands, as the liver, pancreas, and salivary
glands. This long tube occupies part of a great internal
cavity in the trunk of the body, in which cavity are also
placed the heart, lungs, spleen, kidneys, and bladder, the
heart® being situated on the ventral aspect of the cavity.

Fi1¢. 1.~A DIAGRAMMATIIC SFVCTION OF THE HUMAN BobYy rAKEN VERII-
CALLY THROUGH THE MEDIAN PLANE.

The ventral cylinder, containing the convoluted alimentary tube, lungs, &c ,
is bounded by the thick black lne.

The dorsal cylinder, bounded by oblique lines, is shown expanding above into
the brain cavity.

5. Thus man’s trunk may be conceived as a sort of fleshy
cylinder, but in fact it is made up of two cylinders of very
different size and structure. .

t The various organs here enumerated by anticipatioa are described in sub-
sequent Lessons.
B2
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The second, and much smaller cylinder, runs along the
back, and consists of the backbone, expanding above into
the skull (or brain-case). This cylinder contains the spinal
marrow, while its upper expansion contains the brain. The
trunk of the human bodg consists thus of two tubes, with a
solid partition between them formed of the front part of the
backbone. Neither of these cavities is prolonged into the
limbs, which are made up of solid structures (flesh, nerves,
and vessels) wrapped round bones.

6. The long alimentary tube has no communication with the
body-cavity which surrounds it, but is (with its glandular ad-
juncts) a continuous structure, except at its terminal openings.

Thus it is not the inside of the alimentary tube which is
the #rue body-cavity, but, on the contrary, the space which
surrounds that tube and the other viscera.  The tube itself is,
as it were, but a reflexion inwards of the external surface, the
skin which lines it being continuous at the lips with the skin
of the outside of the body.

At its upper end this tube rather bends away from the
brain or upper termination of the central part of the nervous
system,

The heart, which is a hollow muscular organ, is rhythmically
contractible and propulsive, and contains red blood ; part of
which, as it circulates, undergocs on its way back a subsidiary
(portal) circulation through the liver, by means of a double
set of vessels ramifying through that organ.

The blood-vesscls which arise from the heart (Z.e. arteries)
become successively smaller and smaller as they pass away
from it, and end in most minute tubes (capillaries), whence the
returning vessels (veins) take origin, growing larger as they
approach the heart. The blood is thus constantly enclosed
in distinct vessels of one kind or another.

The brain and spinal marrow form the central parts of the
nervous system. Cords or threads of nervous substance (the
nerves) extend from the brain and spinal marrow into every
part of the body.

' The lungs (as has been shown in “Elementary Physiology,”
Lesson 1V.) respire air, but man has not any appliance by
which to extract oxygen from air as it cxists mixed up in
water, whether fresh or salt. X

The sense organs, except touch, are all placed in the head,
and the respiratory organs open at the same part of the body,
namely, by the nose and mouth, Three special senses are fur-
nished with pairs of organs—two eyes, two ears, two nostrils, -
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The mouth is bounded by jaws which open vertically, the
aperture itself being extended transversely.

7. Such being the more significant and general characters
of adult man, certain processes and changes of growth may
be referred to by which that condition is arrived at.

A minute rouhded, almost structureless mass is the earliest
condition of the body.

The first indication of the future being, which shows itself
in that rounded mass, is given by a longitudinal groove mark-
ing the place of the spinal marrow and brain.

Beneath this a similarly longitudinal, cellular rod appears,
called the notochord,* or chorda dorsalis, marking the place
of the future front part of the backbone.

In process of time the lower jaw appears as a solid rod
coming down on each side from the head, and a series of
similar structures, called * vésceral arcies,” make their appear-
ance on each side, also coming down from the head like the
lower jaw, and placed one after the other behind (or, if the
body is vertically placed, beneath) that jaw, and forming later
the tongue-bone, &c. .

These arches are separated by temporary apertures termed
“visceral clefts”

8. The world is inhabited by a vast animal population, of
kinds so numerous and diverse that the study of them would
be a task of hopeless difficulty were they not capable of con-
venient classification.

Fortunately they can be and have been divided and
arranged, according to their resemblances in form and struc-
ture, into a serics of more and more subordinate groups.
The sum total of animals is spoken of as a kingdom—the
Animal Kingdom-—1n contrast with and distinction from the
Vegetable and Mineral Kingdoms,

The Animal and Vegetable Kingdoms taken together con-
stitute the “organic world,” and each member of it is an
“organism.”

The Animal Kingdom is made up of certain great primary
groups, each of which is termed a sub-kingdom (or sometimes
a division).

Each sub-kingdom is made up of and is divisible into
certain other subordinate (yet still great) groups, cach of
which is called a c/ass.

Each class is composed of a certain number of more sub-
ordinate divisions, each of which is termed an ordes?

1 Navog, back, and yopds, chord.
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Each order consists of smaller groups, which groups bear
cach the title family.

Each family is composed of still smaller divisions, termed
genera.

Each genus is made up of one, few or many species,; each
species being composed of individuals differing only as re-
gards sex, and capable of reproducing other individuals
similar to themselves.

The whole of these groups are defined by peculiarities of
form and structure ; that is to say, the classification is based
upon the number and shape of parts and organs, and not by
what such parts and organs do, 7.e. it is morphological and not
physiological.

9. One great primary group, 7. one sub-kingdom (or
division)—that to which we belong—includes, besides our-
selves, all beasts, birds, reptiles, frogs, toads, and efts (or
newts), and all fishes truly so called. The creatures of this
sub-kingdom agree in possessing a spinc, that is a backbone
(or a cartilaginous or gelatinous representative of it). In all
the higher of these animals, including man, the backbone is
made up of a number of bony pieces termed vertebrz, and on
this account the term VERTEBRATA is given to the whole
group, which is spoken of as the Vertebrate sub-kingdom.

Al

-
¥i1c. 2.—A PourLer Crrive-fFisH  Fio 3.—A Cen:ocor, ok JTUNDRED-LEGS
(Octopus). (Scolopendra)

10. Another primary group, sub-kinzdom, or division, in-
cludes all snails, slugs, cuttle-fishes,” and creatures of the
oyster and scallop class. The name MOLLUSCA? is applied to
this group, and the creaturcs composing it are often spoken
of as the Molluscous animals, or Mollusks.

A third great primary group or sub-kingdom is termed
ANNULOSA.> They are creatures the bodies of which are

* Improperly called fishes; as also are the oyster and its allies.
2 Mo‘i\utca, from molluscus, mollis, soft. 3 Annulosa, from emswulus, ring.
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made up of a longitudinal series of more or less distinctly
traceable segments or rings, at least at some period of their
lives. Such creatures are all insects, crabs, lobsters, shrimps,*
scorpions, spiders, hundred-legs, earth-worms, and leeches.
This sub-division is the richest in numbers of the whole
animal kingdom; and even one class of it, /usecta (which
comprises all insects), contains so many species as to exceed
in number all other species of animals put together.

A fourth sub-kingdom is made up of creatures less familiar
to many, namely, sea-squirts or ascidigns,? lamp-shells, and

F1G 4.—AN AccIDIAN, OR SEA-SQUIRT
(Ascidia),

Fie 5—A STAR-FISH Fiu. 6 —A TusvLARIiAN PoLvy
(Uraster). (Bumeria), after Allman

minute animals living in compound aggregations, often found
on our shores, such as the flustra, or sea-mat. To this sub-
kingdom the name MOLLUSCOIDA 3 has been applied.

A fifth sub-kingdom is composed of animals like star-fishes,
sea-urchins, and sea-cucumbers, together with entozoa,* or
intestinal parasites and their allies, on all of which the
common name ANNULOIDAS has been imposed.

A sixth primary group bears the title CELENTERATA,® and
contains all sea-anemones, jelly-fishes, Portuguese men-of-war,

* Crabs, lobsters, and shrimps are sometimes improperly spoken of as shell-

fishes. A 2 From doxdg, a wine-skin or pouch.
3 Molluscoida, from mollusca and «ldog, form, appearance, bl
4 "Evrég, in, and {@ov, animal 5 Annuloida, from aunulus and cidog.

¢ Ceclenterata, from xoika, hollow ; ¢{vreoa, entrails.
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&c/;and all polyps, including many compound animals which
grow up in a tree-like manner, and the minute creatures
which by their secular existence have formed not only such
parts of the earth’s surface as reefs and coral islands, but
even the State of Florida itself, of which they were un-
doubtedly the first founders.

Lastly, we have the sub-kingdom PROTOZOA,* containing
all the lowest forms of animal life, placed together rather
owing to the absence in them of characters possessed by
higher groups than from positive characters which they share
in common.

Such are the Infusoria,? the sponges, and those wonderful
Foraminifera3 which took (and are taking at the bottom of the
Atlantic) so large a part in the formation of the chalk, and
therefore built up much of Old England itself.

FiG. 7.—A FORAMINIFRR F16 8.—ONE OF THE LOWEST PRoTOZOA
(Globigerina) (Profomaba), after Haeckel.

In the lowest grade of the animal kingdom is a creature,
Protogenes, at once structureless and devoid of any constant
form, as its shape varies like that of Proteus himself. A mere
morsel of semi-fluid jelly, floating in the ocean, it is destitute
of any organ, even so much as a cell, and exhibits animality
in the last degree of structureless simplicity.

The last six sub-kingdoms may very conveniently be taken
together, and spoken of as the /nwverdebrata, in contrast to the
highest. sub-kingdom, from which in so many points the other

rimary groups agree in differing. Thus we have the Verte-
brata on the one band, and on the other the Invertebrata,
including the Mollusca, Annulosa, Molluscoida, Annuloida,
Ceelenterata, and Protozoa.

11, Having ;nade this rapid survey of the whole animal
w, it*will be well to consider the general characters

3 m 3 , Animal,
2 sm !w 'mhﬁ ’teov c‘lll:‘: Ileft posed to the airfor a time.

3 Foramina and fero, having holes or perforations.
4 fiplirrog, fivst ; ysvectar, to be born, fond
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of man’s structure, already noted, in relation to the other
forms of life here enumerated.

In that man’s body is bounded by curved lines and sur-
faces, and its structure complex, so that upon a section being
made it is seen to consist of different parts—it agrees with
those of all other animals, as even in Profogencs there are
granules. Thus it differs from inorganic substances, which
may be, as in crystals, bounded by night lines, flat surfaces,
and have a homogeneous section—a cut crystal being the
same in structure throughout. Only very rarely (as in
spathic iron and dolomite) are minerals bounded by curved
lines and surfaces.

The presence of much water is also a common charatter of
organic living bodies, though man may be called solid in
comparison with some animals, more than g9 per cent. of water
entering into the total composition of a jelly-fish.

As to his chemical composition, man agrees with the whole
animal kingdom, and differs from the members of the vege-
table kingdom in the less proportion of non-nitrogenous parts
which help to compose his body.

12. Inso faras man’s body is furnished with a distinct head,
he agrees not only with other vertcbrates
(with one exception—the lancelet, or
Amphioxus), but also with the higher
Mollusca and Annulosa. It is a cha- 9.—TuE LANCELFT
racter, however, quite wanting in the {Amphiozns).
lower sub-kingdoms, and even so well-
organized an animal as the oyster is quite destitute of any
such part.

The presence of limbs is not a universal character even in
man’s own primary division, the Vertebrata, being wanting,
e.g., in serpents; but the possession of more than four is
known only in the Annulosa, where, however, the number
may be not merely six, as in insects, but prodigious, as in
the millepedes, or thousand-legs.

13. The contrast between dorsal and ventral structures is
one very widely shared, but is absent in the lowest animals—
which thus remind us of that earliest condition of man before
referred to, when his body is a minute spheroidal mass.

A dorsal and ventral symmetry may be developed such as
man does not exhibit, and this is especially the case in the
region of the tail, where (as, e.g., in fishes and agphibians)
the structures on-the dorsal side of the centre of the back-
bone tend to be repeated on its ventral side.
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The continuity of the dorsal and ventral surfaces of the
limbs with the dorsal and ventral surfaces of the body, as also
the correspondence between the dorsal (and ventral) surfaces
of the two pairs of limbs, may be more plainly exhibited than
in man, Thus in many tortoises both the knee and the elbow
are rather turned outwards, than
the former forwards and the latter
backwards, as is also the case in
the Flying-Lemur (Galegpithecus)
amongst beasts.

Bilateral symmetry is common to
man and the majority of animals.
It may, however, be much less com-
Fic 10 —Tre Fuvixe-Lemer  plete than in him, as in the flat

(Galeopithecus ). fishes (such as the sole, turbot,

flounder, &c.), where both the eyes

come to be on one side of the head ; and it may be want-

ing altogether, not only as regards the viscera, but also as

regards the external form, as is the case in many Mollusks,
¢.g. the snail.

On the other hand, this kind of symmetry may be carried
to a far greater extent than it is in man, as is the case in
the Annulosa, where not only the external form, but the in-
ternal viscera also, are bilaterally symmetrical.

An antero-posterior symmetry may be developed to a cer-
tain superficial extent, as in the reptile
Amphisbena,t in which it is at the first
glance difficult to tcll the head from the tail.

Another form of symmetry which is en-
tirely absent in man is radial symmetry.
This symmetry is exhibited by jelly-fishes
and by sea-urchins, and star-fishes in their
adult condition—parts radiating from a )

. 1 —A STAR I'lon
common centre resembling and corre- (Uraster)
sponding one with each other.

Serial symmetry may be much less and much more
developed than we find it to be in man. Thus, in such
creatures as the oyster it is completely absent. In birds it
is less marked than in man, the dissemblances between their
wings and legs being more obvious, and the resemblances
more hidden, than between the human upper and lower limbs.
In contrast with this we find in forms closely allied to man
the resemblance to be exaggerated—whence the name Quad-

1 From &ugig, for augi, on both-sides, and Buwven, to go.
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rumana has _inexactly been applied to the apes, the foot
having so close a superficial resemblance to the hand.
Parts which answer to each other in serial symmetry are
termed “ Lomotypes.”’

An amount of scrial symmetry, however, far beyond any-
thing which man presents is devcloped 1n the sub-kingdom
Annulosa, as we may see in such creatures as the lobster.
Not only is there in such animals an obvious serial repeti-
tion in similar segments and similarly formed limbs, but a
little study shows that parts superficially unlike (as the
feclers, or antennar, jaws, claws, legs, and swimmercts) are
essentially similar structures, diversely modified to mcet
diverse requirements.

The maximum of serial repetition, however, 15 found 1n the
hundred-legs and thousand-legs and
other Annulosa, in which the num-
ber of body segments is at its
maximum,

14. The possession of a solid in-
ternal frame-work to which muscles  Fic. 12 —A Cunribrog, ox
are attached is a character man HusbrED-LEGS (Scolopendra).
shares with all the members of the
Vertebrate sub-kingdom ; but quite other conditions may
obtain and indecd numerically preponderate, as in the vast
group of Annulose animals, where the hard parts are external,
and the muscles which move them are within them and
attached to their inner surfaces, as familiarly known to us
in the lobster.

15. A permanent mouth may seem to many to be an organ
necessary to every animal. This, however, 1s not the case,
as animals so complexly organized as the tapeworm are alto-
gether destitute of any such structure and feed by absor‘ption
only. Even certain minute creatures which swim freely
about to seek their food may yet have no permanent mouths,
but (as, e.g., Amaba and Frofogenes) when in contact with
their food may produce a temporary perforation in the sur-
face of their own body in which they engulph their food, the
body-wall closing up again over it.

1t becomes, then, hardly necessary to say that an alimen-
tary tube is not a constant structure, still less any inferior
outlet ; for many animals, e.g. the lamp-shell (Zeredratula),
though possessing an intestine, are nevertheless aproctous.*

The various organs which aid digestion disapptar as we

1 From a, not, and wpwkrig, anus.
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descend in the animal scale, but a fiver is a structure which
long persists, as ¢.g. in the Mollusca #nd many Annulosa.

16. In that man’s body consists of a double tube—the
nervous cylinder being dorsal and the heart ventral—it agrces
with the whole of the members of his sub-kingdom, but
appears to differ from that of all invertebrates, unless it be
certain Ascidians. Recent observations show that the latter
simulate in their larval condition the vertebrate structure as
regards the existence of a dorsal nervous cylinder, as also as
regards a solid partition or simulation of a notochord, which
nevertheless is not yet unequivocally manifested, outside the
Vertebrate sub-kingdom.

A prolongation of the body cavity and even of the digestive
cavity into the limbs, strange as it may appear, is far from
unknown, as it exists not only in the star-fishes, but also in
animals as highly organized as spiders.

A direct communication between the alimentary canal and
the true body-cavity is by no means uncommon in lowly orga-
nized forms ; ¢, In the sea-anemone that canal terminates
freely in the body-cavity.

In creatures in which the central part of the nervous system
is ventral—that is to say,in all the Annulosa—the anterior
part of the alimentary tube not only bends towards but
traverses the nervous centres. That bending away from
those centres which characterises it in man, characterises it
also in all vertebrate animals.

Speaking generally, the nervous centres of invertebrates are
placed in the oral region, as not only in the Annulosa and
Annuloida, but also in the Mollusca and Molluscoida, it is
present in that part, unless absent altogether.

17. The possession of a heart and of red blood is common to
all vertebrates as well as t6 man, with
one solitary exception : the Amphioxus
or lancelet alone having colourless
FiG. 13 —Tur Lanckeer  blood, and a simple cylindrical vessel

Amphiozus) in place of a heart.

A portal circulation is shared with
man by all vertebrates, even the Amphioxus, but no inverte-
brate animal is known to be furnished with a blood distribu-
tion of the kind.

Also the enclosure of the blood in vessels is a cha-
racter commen 1o vertebrates, but in Annulose animals (e.g.
the lobster) the blood is in part contained in wide cavities
termed sinuses. In many forms also (as in the Mollusca) a
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communication takes place between the interior of the circu-
lating system and the exterior of the body, so that the water
in which such -creatures live is admitted within their blood
system to a greater or less extent.

18. A distinct brain is common to all the members of man’s
sub-kingdom except the lancelet ; but both nerves and ner-
vous centres may be entirely wanting in creatures of complex
structure like the tapeworm, or of locomotive power like the
polyp, Hydra tuba.

Respiration of air by pulmonary sacs is neither universal
in man’s sub-kingdom (for fishes breathe the air contained in
water by gills), nor unknown out of it. Such structures exist
in scorpions and spiders, and an air-breathing sac is found
in slugs and snails.

On the other hand, breathing organs suited for aquatic
respiration may be developed in the most varied situations ;
e.g., attached to the legs, as in the lobster, or internal with
an external opening at the /Zinder end of the body, as in the
sea-cucumber, Holothuria.

Kidneys, instead of being distinct structures as in man,
may be united with biliary glands and open into the intes-
tine, as in insects.

19. Sense organs may exist in quite other situations than
those in which they are placed in man. Eyes may be placed
on every joint of a long body, as in the worm-like animai,
Polyoplithalmus,* or along each half of a fleshy cloak enclos-
ing the body, as in Pecfen. There may often be more than
two upon the head, as in Scozpio,; or they may be raised on
solid stalks, as in the lobster; or at the end of long retractile
tentacles, as in the snail.

Auditory organs may be placed in joints of the legs, as
in some insects, e.g. locusts ; or in the thoracic part of the
body, as in crickets,

Long filamentary jointed structures (the antennz of insects)
may project from the head, to minister to a sense the nature
of which is disputable.

The mouth, instead of being extended transversely, may be
rather antero-posteriorly elongated even in man’s sub-king-
dom, as in the lancelet ; and there may be numerous jaws
placed on each side of it working laterally, and not vertically,
as in the lobster.

20, Development may take place without any primitive
groove and without any chorda dorsalis, and such iwthe case

% From xéAvc, many; S¢pbdaiuog, an eve.
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in the whole of the Invertebrata (as far as yet known), with
the doubtful exception of Ascidians.

Visceral clefts and arches may persist throughout life, asin
fishes; but with respect to this, much more will be said later.

From the foregoing concise statement of the more im-
portant general characters of man’s anatomy and that of
animals generally, it is evident that his frame has been con-
structed upon a certain plan which in its main characters is
common to all the members of one large group (sub-kingdom)
of animals.

This will become manifest when we proceed more into
detail and discover structures the utility of which is, to say
the least, apparently subordinate to their significance as
conforming to a general type of structure.

21. It may well be the case that the rational faculties of
man could have been united to no more suitable a body than
that which he possesses. Fancy may nevertheless amuse
itself by considering possibilities of structure (as shown by
what we find in existing animals) were he not tied down to
conformity to the vertebrate type.

The fabled Briareus is suggested by the “thousand-legs”
and centipede. A natural armour, moved by a cunningly
adjusted internal mechanism, is suggested by the lobster. A
specar tipped with poison, like the wourari, is suggested by
the wasp; and the appliances of even the most modern
warfare by the Bombardier Beetle.

Eyes multitudinous, attached to movable stalks or at our
fingers’ ends—ears in our breast, or attached to our shin-
bones—are suggested by what we know of some insects.

22. It is the fact, however, that man’s body is strictly verte-
brate, and vertebrate only. It remains then to consider it
from the vertcbrate point of view. His resemblances to all
animals below the Vertebrata are so general and remote,
that it would be profitless henceforth to consider and com-
pare (in going into the details of his structure) any such
distant resemblances or relationships as those presented by
invertebrate animals, of which we accordingly herc take leave.

It is needful, however, to hive a clear general conception
of the animals which composc the Vertcbrate sub-kingdom, to
which repeated references will henceforth be made.

23. The Vertebrata are divisible into five great classes,
which stand in different degrees of relationship one to
another:—I. MAMMALIA (Man“and Beasts); II. AVES
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(Birds); III. REPTILIA (Reptiles); IV. BATRACHIA (Am-
phibians);* V. PiscEs (Fishes).

Moreover, 4ves and Reptilia are classed together in a
large group (or province) which bears the name SAUROPSIDA.
Similarly Batrackhia and Pisces are grouped together, and to
their united mass the common name ICHTHYOPSIDA is
applied.

The class Mammalia comprises all the creatures which
suckle their young, and is made up of man together with all
beasts, and each is spoken of as a mammal. All mammals
are divisible into three great groups or szé-classes.

The first sub-class comprises man and all the more well-
known beasts, It is called MONODELPHIA, and the animals
contained within it are termed Monodelphous mammals.

These are arranged in the following orders :—

I. PRIMATES.—Man, the Apes of the Old and New

World, together with the Le-

murs. Among the Apes and

Lemurs are—the Gorillaand

Chimpanzee, the Orang, the

Gibbons, the Proboscis Mon-

key,the Barbary Ape (/nuus),

the Baboons (Cynocephalus),

the Spider Monkeys (A4 zeles),

the Howlers (Myceles) ; also

Pithecia, Chrysothriz, the g .o _a Lonc-\kmep Arr,
Squirrel Monkey, the Mar- o= Gissoxn (Hylobates)
morets (Hapale), and the

genera Indris, Lemur, Microcebus, Galago, Loris,
Nycticebus, Tarsius, and Cheiromys, or the Aye-aye.

I'iG. 15 —A LEMUROID OF 11K F1G. 16 —THE AVE-AYE
GENUS Lemur. (Chezromys).

11. CHEIROPTERA.—The Bats, including the Flying Foxes
(Pteropus), the common bats, the Horseshoe and

1 E.g. frogs, toads, efts.
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Vampire bats (Phyllostoma and Rhinolophus), and
the Bloodsucker (Desmodus).

111, INSECTIVORA,—Small insect-eating beasts, such as
the Mole, the Hedgehog, the Tanrecs (Cenfetes and
Hemicentetes), the Golden Mole (C/trly.m:lzlarz':), the
Shrew-Mice (which are not at all really mice),

Sorex, and the African jumping shrews (Macros-
celides); also the so-called Flying-Lemur (which is
not a lemur), Galeopithecus.

F1G6. 17 —A LFAPING SHREW ¥ic 18 —THE FLYING-LEMUR
Macroscelides). (Galeopithecus).

I1V. RODENTIA.—Mostly rather small animals, all formed
for gnawing, such as the Hare and Rabbit, the
Agonti, the Beaver, the Porcupine (Hystrix), the
Capybara, Dolichotss, the Squirrels, the Rats, the
Australian Rat (Hydromys), the Jerboa (Dipus), the
Rat-mole (Spalax).

V. CARNIVORA.—Beasts of prey, as the Cats, Lions and
Tigers, the Hyenas, Civet-cats, Dogs, Weasels,
Badger, Coatimondi, Racoon, the Ailurus, and the
Bears, the Otters and Sea-otters (Enkydra).

V1. PINNIPEDIA.—The Seals (Phoca), Walrus (Trichachus),
and Sea-Bears (Ofaria).

VII. CETACEA.—The Whale-bone Whales, the Sperm
Whale, the Dolphins and Porpoises, including the
Pontoporia and Platanista and the Narwhal,

VIII. SIRENIA.—The Dugong and Manatee, with the ex-
tinct Raytina and Halitherium.

1X. PROBOSCIDEA.~The African and Asiatic Elephant
and the extinct Dinotherium.

X. UNGULATA.~—~The Hoofed beasts, divisible into two
sub-orders :—

A. Perissopacryra,—Those with the functional toes of
the hind foot of an odd number, as the Rhinoceros,
the Tapir, the Horse and its extinct allies ; and

B. Armiobactvia.—Those with the functional toes of
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the hind foot of an even number, as the Hippo-
potamus, the Hogs, the Peccaries, the Camels and
Llamas, the Musk Deer, the Deer, the Giraffes, the
Antelopes (including the Saiga and four-horned and
prong-horned antelopes), and Oxen, Goats, and
Sheep.

XI. HYRACOIDEA.—Including only the genus Hyrax, one
species of which is “ the concy ” of Scripture.

XI1[. EDENTATA.—A very strange order, containing very
diverse forms, namely : the two- and three-toed
Sloths (Cholazpus and Bradypus), with the extinct

Fi¢ 19.—THE Hyrax. Fiu 20.—~THr THRER-10KD Frg. 21 —THe GREAL

StoTH ANT-EATTR
(Bradypus). (Myrmnecophaga).

Mylodon and Megatherium, the Ant-eaters, the
Pangolins (sce Lesson VII. for a figure), the Cape
Agt-eater (Orycteropus), and the Armadillos, -
cluding the extinct Glyptodon.

Fit 22.~THE CAPE AN1 LATER FiG. 23.~AN ARMADII LO
(Qrycteropus). (Dasypus).

The second sub-class comprises the Marsupials or pouched
animals only. It is called DIDELPHIA, and the animals
contained within it are termed Didelphous mammals. It
consists of one order only :— o
XIII. MARSUPIALIA.—A very varying group, containing

the truc Opossums (Didelphys), the Kangaroos, the
Phalanges, the Wombat and Koala, the Dasyurcs,
the Tasmanian Wolf (Z%ylacinus), the Bandicoots
(Peramcles), and Charopus.

C
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The third sub-class comprises two very aberrant genera
only. It is called ORNITHODELPHIA, and the animals com-
prised within it are termed Ornithodelphous mammals, It
consists of one order only :—

XIV. MONOTREMATA.—Of this order
there are but two genera—
one the Echidna, the other
the Duck-billed Platypus or

Fiu 24.— THE DUCK-BILLED Ornithorhynchus.

PrLaTvrus i
(Ornithorhysehus) The class Awes contains all the

Birds (or feathered Vertebrates)., It
is a very uniform class, containing only three sub-classes.

The first sub-class, the CARINATA, comprises all lving
birds except those contained in the next sub-class, together
with the extinct Dodo and the Great Auk.

The second sub-class, the RATITAE, includes the Ostrich,
Rhea, Emecu, Cassowary, Apteryx, and the extinct Dinornis
and 1ts allies.

The third sub-class, now extinct, thc SAURURA, is as yet
only known to have contained that bird of the Oolite, the
Archzopteryx,

~
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The class Reptilia embraces all the scaly, featherless, cold-
blooded creatures, and consists of nine orders.
I. CrOCODILIA.—An order containing only the Croco-
diles, Alligators, and Gavials.

II. SAURIA.—A very numerous group, containing all the
Lizards, some of which arc without legs, and might
be taken for serpents: the two-armed Clirofes,
the two-legged Bipes, Lialis, the Amphisbena, the
Chameleons, Geckoes, Iguanas, Monitors, Scincs
(Cyclodus, &c.), the Agamas, the flying lizard, Draco,
and the exceptional genus Spkenodon.

111. OpHIDIA.—In which are placed the harmless Snakes
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(Coluber, &c.), the tree-snakes, the sca-snakes, and
the very poisonous rattle-snakes (Crofalus), and
Cobras, together with all other Serpents.

IV. CHELONIA.——An order containing the Land Tortoises,
the Sea Turtles, and other fresh-water Terrapins,
including the Matamata and the European Zwuys.

V. ICHTHYOSAURIA.—A group made up of the extinct
Ichihyosaure of the ancient seas,

»
F1G. 27.—AN ICHTHYOSAURUS. F1G 28 —A PLESIOSAURUS.

VI. PLESIOSAURTIA.—An order for the similarly extinct

marine reptiles, the Pleszosauri.
V1I. DIcYNODONTIA.—Containing the genus Dicynodon.
VIIL, PTEROSAURIA.—The extinct Reptiles of the air, which
flew like our existing bats, and consisted of the
genera Plerodactylus, Rhamphorhynchus, &c.

IX. DINOSAURIA.—AnR cxtinct order of large Reptiles, one
of which, the Iguanodon, has lcft its bones on the
‘Wealden formation of the south of England. Jgua-
nodon, Compsognathus, and Megalosanrus are other
interesting forms.

The class Batrackia is made up of four well-marked

orders :—

I. ANURA.—TheFrogs and Toads—a very uniform group,
some genera of wluch, Ceratoplrys, Eplappifer,
Dactviethra, Pipa, &c. will be referied to hercafter.

II. UrRODELA.—Orthe Efts and Newts, amongst which the
Menopoma, Menobranchus, .
the two-limbed S7ren, and X%
the lrofeus of the Austrian .
caves are worthy of special g oo pu ceeat Nowrs
mcention. AMERICAN Kir, Wil

1I1. OPHIOMORPHA.—This order PLRSIS PENT GILI & (A esto-
contamns Lmbless Batra- branulens).
chians with very elongated bodics, having much the
appearance of small snakes.

IV, LABYRINTHODONTA.~—These creatures are entircly
extinct, and form the genera Labyrinthodon, Aiche-
gosaurus, &c.

The class Pisces has within it all the Fishes, groperly so

C 2
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called, excluding Whales and Porﬁoises (which, as we have
seen, are Beasts or Mammals) on the one hand, and Shell-fish
(which are Invertebrata) on the other. This class is divisible
into the following great groups :—

1. ELASMOBRANCHIL—An order of highly-organized
cartilaginous fishes—the Sharks (as Carcharias,
Cestracion, Spinax, the Hammer-headed Shark,
&c.), the Rays (including Raza, Myliobates, Areto-
baies, &c.), and the Chimera.

i, 30 =THi HAMMER-HEADED SHARK F16. 31 —-THr EAGIE RAY
(Zygana). (Mylibates)

1I. GANOIDEL—An important order containing many ex-
tinct forms, and a few very varied existing ones, as
the ZLepidosiren, Ceratodus, Polypterus, Lepidosteus,
the Sturgeon, &c.

T, 32 —Tun Mun-risu (Lepidosiresn). F1G. 33.—~PoLyP1ERUS.

111, TFLEOSTEL-—The order containing the great bulk of

Fishes, and including the more remarkable Siluroids

(as Bagrus, &c.), the File-fishes

(Balistes), the Trunk-fishes (Ostra-

cion), the Angler (Lophins), and

i Frog-fishes (Chironcctes), the Eels,

Pike, Salmon, Carp, Hippocampus,

Odontoglossum,the Soles, and other

1. 1= A Froce 1 flat fishes (Pleuronectide), the

(¢ v onectes) Parrot-fish (Scarus),and very many

others. .

1V. MARISPOBRANCHIL—The Lamprey and Myxine, or

the lowly-organized cartilaginous fishes.
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V. PHARYNGOBRANCHIL—Containing only that headless,
heartless fish without red blood—the Amplioaus or

Lancelet,
Fic 35.—Tug LAMPREY Fi¢ 36 —Tur LANCELET
(Petromyzon), (Awphiozus)

The foregoing list has been given to render comprehensible
the refercnces to different animals which must be so often
given in the succeeding lessons.

In those lessons the several parts and organs of man’s
body will be examined and described, not only dircctly, but
also in the reflected light to be derived from a knowledge of
the more remarkable conditions of the same parts in other
animals.

24. The organs of man’s body may bhe divided into three
classes :—

I. Organs of Investment and Support (skeletal).
II. Organs of Motion and Innervation, 7.e. Muscular and
Nervous Structures, and organs of special sense.

IT1. Organs of Sustentation, 7e. nutritive, circulating, re-

spiratory, and excretory structures.

This division, however, is rather physiological than ana-
tomical, so that a more convenient classification (the one to
be adopted in the succeeding chapters) will be—

1. The Skeleton, both internal (endoskeleton) and external
(exoskeleton).
II. The Muscular Structures.
I11. The Brain and Nervous System.
IV. The Organs of Sense.
V. The Heart, Arteries, and Veins.

VI. The Alimentary Tube and its appendages.

VIL The Respiratory and Vocal Structures and the Excre-
tory Organs.
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LESSON II

THE SKELETON IN GENERAL, THE INTERNAIL SKELETON,
THE BACKBONE, BREASTBONE, AND RIBS.

1. THE word “ SKELETON " * is popularly taken to denote
only the bones, or at most the bone and gristle which form
the internal support of the body.

An acquaintance with other animal structurcs, however,
shows that this signification 1s far too restricted ; for parts
which are bony in man may be cartilaginous (z.e. of gristle)
or even mercly membranous, in other animals j and conversely,
parts somctimes quite external, which are mercly fibrous in
man, may be horn or bone, or contain bones and cartilages,
in other animals.

The naturc and structure of fibrous tissue,? of cartilage, and
of bone, have been sufficiently described in the first and twelfth
lessons of the “ Elementary Physiology.” It may, then, here be
shortly stated that the word skeleton, in its widest and most
scientific sense, should include not only the bones and car-
tilages, but also those fibrous structures (or membranes) which
surround such bones and cartilages, and thence radiating
invest every organ of the body, and finally clothe-it externally
in the form of skin.

The whole skeleton, then, may be denoted by the term
Fibro-chondr-osteal 3 apparatus.

Fibrous tissue indeed penetrates the very bonecs them-
selves, and supports the marrow they contain; 1t separates
cach muscle from its neighbour, and surrounds and lines every
tube and passage in the body ; so that if every other tissue
could be dissolved away and yet this fibrous tissue be left,

* Derived from oxéAAew, to dry.

2 Each kind of substance of which the body is composed is termed a #ssuc.
Thus vé: speak of fibrous tissue and of ossesus tissue or bone, also nervous
tissue, &e.

3 Because partly fibrous, partly cartilaginous, and partly osseous.
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we should have a complete outline model, as it were, of the
entire human frame.

Portions of this fibrous tissue which connect adjacent bones
and cartilages become very strong, and constitute the “liga-
ments ” of the joints of the solid skeleton.

2. The skeleton as a whole is naturally divisible into two
parts, to be separately treated of.

(2) The external, peripheral skeleton, often calied the EXO-
SKELETON,* —the skin and its appendages.

(6) The internal, central skcleton, often termed the ENDO-
SKELETON.?

The external skeleton will be considered afterwards. First
in order 1s the skeleton commonly so called, z.¢. the internal
skeleton.

3. The ENDOSKELETON of man is composed of numerous
bones, together with cartilages and fibrous structures.

The number and nature of the solid parts vary with age.
In the carher stages of existence there are no bones at all,
and the process of bone-formation (or essification) having once
begun, goes on till the period of adult matunty is completed,
and indeed, to a less extent, throughout the whole of life.

Thus 1t happens that parts which are membranous in the
baby or cartilaginous in the youth, hecome bony in the grown
man; and a continuation of the same process tends to fuse
together more and more, bones which at their first appearance
were separate and distinct.

Indecd, besides the coalescence of distinct bones, another
fusion of bony structures occurs. ‘This is due to the fact
that the ends, or projecting portions, of what are essentially
and ultimately oze bone, arise as separate ossifications, which
are termed ¢piphiyses.t  Thus the ends of the long bones of the
limbs are at first separate bones from the main part (or shaft)
of cach long bone, and do not become continuous with the
shaft till ncar man’s maturity.

The hard parts of the internal skeleton being those which
as a framework support the body, foim points of attachment
for the muscles which move it ; the muscles employing the
different bones likc so many levers, or fulcra, as the case
may be.

4. The great majority of the bones arc thus intended to
move one upon another, and the contiguous surfaces of such
movable bones form THE * JOINTS.”

4 From éfw, ‘_vithnut. 2 From &vdov, within,
3 From ¢mi, upon, and @iy, to grow.
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The nature and mechanism of the different kinds of joint
have been described in the Seventh Lesson of “Elementa
Physiology,” as well as the different kinds of movement whic
the jointed bones are capable of performing. Joints may be
(a) immovable, (4) mixed, or (¢) movable.

(@) When bones are émmovably joined by an interdigi-
tation of their irregularly shaped margins (like the bones of
the roof of the skull), they are said to be joined by su#usre;
but they may also be immovably united by a ridge, or tongue,
on one bone being received into the grooved surface of
another bone.

(#) When the motion allowed is exceedingly slight (as
between contiguous pieces of the backbone—or vertebrz),
adjacent plain surfaces are connected together by the add:-
tion of fibrous substance of one kind or another.

(¢) When the motion allowed 1s greater, the adjacent surfaces
of the bones are coated with smooth cartilage, and motion is
facilitated by a fluid called syzovialx  Sometimes a third
and separated cartilage (termed infer-articular) is placed
between the cartilaginous surfaces of the jointed bones.

The most movable joints arc those in which the adjacent
bones are articulated on the principle cither of a pivot (like
that between the two uppermost bones of the neck), or of a
Ainge (ke that of the elbow),
or a ball and socket (like that
of the shoulder).

If one convex articulating
surface be globular, it is termed
a kead, if it be elongated it is
called a condyle. 1f either of
these is borne upon a narrow
portion of bone, this latter 1s
Fle3l7n.;-Abmiﬂl:‘:li3: . gﬂtaw{?}zge called a neck. If a pulley-hke

bony. plate placed below) of  Surface is formed by such a

the ‘skin of a Siluroid fish. Juxtaposition of two condyles

as to leave a depression be-
tween them, such an articular surface is named a #rocklea.’

The anatomy of animals (or zoofomy)3 as distinguished
from the exclusive studv of man’s own anatomy (or an-
thropotomy®) shows us that bones may be united in ways

* From oiv, with, and ddv, an egg. The fluid is contained in a fibrous bag
or sac.

2 From 7poxdg, a pulley, 7péxw, to run.

3 §imov, an ammal, and réurery, to cut.

4 GvBpwrog, a man,and Tép e, Lo cut.

“
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other than those observed in the human body. Thus some
spiny bones of Siluroid fishes have a perforatién at their
base, through which passes a bony ring attached to a plate
below—a skackle-joint. This structure, however, belongs to
the external skeleton.

5. The parts of the endoskeleton may obviously be grouped
into two divisions :—

(@) The skeleton of the head and trunk, which is called
the AXIAL® skeleton.

(6) The skcleton of the limbs, which
is called the APPENDICULAR skeleton,
the limbs being regarded as appendages
of the axial skeleton.

First with regard to the axial skele-
ton. The skeleton of the head (z.e. the
skull) is supported on the very summait
of what is familiarly known as the back-
bone, while from each side of one region
of the latter the nibs reach forwards to
or towards the breastbone.

The skull is' of so complex a struc-
ture as to require scparate consideration.
The skeleton of the trunk only (that
is to say, the backbone with the ribs
and breastbone) will afford material
enough for this lesson.

6. The backbone, or, as it is often
called, the spine,® consists of a number
of small bones placed one on the top of
the other like a pile of coins.

Each of these small boncs is termed a
vertebra,® and (with certain few excep-
tions, to be noticed later) consists of a
sort of irregular ring of bone, thickest in
front, from which certain bony promi- Fic 38.—Axial ckeleton
nences stand out in various directions. ‘,’;‘b,,“‘(ff ‘the krixw}latzh s:B:

By the superposition of their rings, removed to show the
they together form a long vertical canal ~ Yertebre - more  dis-
(called the vertebral canal), which is "™V
destined to contain and protect the spinal marrow (or spinal
cord). This series of vertebra thus constitute the smaller,

* From being the skeleton of what is, as it were, the axis of the body.

2 The word *“ spine” is.also frequently employed to denote any s{ender and

more or less pointed prolongation of a bone,
3 From wertere, to turn, thoygh the mobility of most vertebra is but slight.
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-
msterior cylinder of the human trunk, spoken of in the First
sson.

The thickened anterior parts of the vertebre are also
placed and adjusted one upon another, and by their super-
position form a vertical solid column, namely, that spoken
of in the first lesson as the partition separating the small
dorsal cylinder from the larger ventral one.

The thickencd anterior part of each vertebra is called
its “body” or “centrum.” The ring of the vertebra (which
springs from the centrum on each side of its posterior surface
meeting in the middle line behind) is termed the arck and,
because it contains part of the spinal cord, the newral*
arch—the spinal cord being, with the brain, the central part of
the nervous system.

The various bony prominences of the vertebree are termed
“ processes.”

The vertebre are connccted by joints of the second (or
mixed) kind. Their adjacent surfaces are for the most part
nearly flat, and we find interposed and connecting them a
dense fibrous body or disc, toughest and hardest towards its
circumference, with a pulpy substance 1n its middle. Each
such body is termed an intervertebral substance. No syno-
vial fluid lubricates the joints between the bodies of the
vertcbrae, though present between the junctions of some of
the processes.

The vertebrae are also held together by strong ligaments
which pass vertically down the centra, both in front of and
behind them.

7. The VERTEBRZ are divisible into five different categories.

First come those of the neck, which are termed cervical?
They are seven in number.

Secondly, those of the back, which have the'ribs attached
to them, and which bear the name Aorsal. Of these there
are twelve.

Thirdly, we find certain large vertebrze which do not
bear ribs : these are situate below the dorsal vertcbree, and
are called Jumbar. There are five of them.

All the above vertcbrae are termed “true vertchra,”
because they do not become anchylosed together, but remain
connected by ligaments and by intervertebral substances only.

Below these true vertebrae come those which are called
“false,” and which sooner or later anchylose together to form
two bony masses.

! From velpov, a nerve. 2 From cervix, the neck.



1L} THE SPINAL SKELETON. 27

The first of these two masses, termed the sacrum, comes
immediately beneath the lumbar vertebre, and affords attach-
ment on each side to one of the haunch, or hip,bones. Five
or six sacral vertebree coalesce to form the sacrum.

The second and much smaller bony mass, termed the
coccyx,® is made up of three or four small and imperfect
vertcbrae, named coccygeal.

8. Before proceeding to consider more carefully the different
vertebrz, a DORSAL VERTEBRA may first be described as a
type.

F1t. 39 —A DorsaL VERTEBRA.

¢, centrum ; s, neural spmne, ¢, tubercular or transverse process; #, capitular
process, or articular sutface for the head of a nb, A, small articular suiface
for part of the head of the succeeding nib, =, upper aruicular process, or
presygapophysis , 2/, lower articular process, or postzygapophysis

From each outer angle of the posterior surface of its
centrum there springs a pier of the neural arch. Iach of
these two piers is termed a pedicle.

From the hinder cnd of each pedicle a flat plate of bone
projects backwards and towards the middle line, till the two
plates meet and thus complete the neural arch.  Each such
plate is termed a “ Zamina” or ncural lamina.

At the point of junction of the lamina a single median
process runs backwards and downwards. This is the spinous
process, or neural spine?

From the junction of cach lamina with its pedicle another
process, ending bluntly, juts outwards and backwards. This
is called the Zranswverse process, and there are two to every
dorsal vertcbra.

From the upper and outer part of each lamina a small
process projects upwards, with a smooth surface on it which

* From ts fancied resemblance to a cuckoo's beak—«éxxuf, a cuckoo.
2 Sometimes neurapophysis, from vevpor, a nerve, and amoguaig, a procese.
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looks mainly backwards. This is called the superior articular
process,t or prezy apo%hysis, and each dorsal vertebra has,
of course, a pair of such.

From the lower and outer side of each lamina a small
process projects downwards, with a smooth surface on it
which looks mainly forwards. This is called the Znferior
articular process, or postzygapophysis, and there are two to
every vertebra of the back.

The articular surfaces of the two inferior articular pro-
cesses are applied to the articular surfaces of the two
superior articular processes of the next vertebra below.
Ligamentous fibres bind together the margins of the apposed
articular surfaces, between which is placed a sac containing
synovial fluid.

The upper margin of each pedicle is somewhat concave, while
its lower margin 1s more so. In this way, when the vertebrae
arc naturally articulated together, a rounded opening appears
between each pair of adjacent pedicles. These openings give
exit to spinal nerves coming out from the spmal marrow
enclosed within the neural arches.

Two other articular surfaces on cach side should be noted :
one at the outer side of the posterior and outer angle of the
centrum at its junction with the pedicle, the other at the
anterior aspect of the end of the transverse process. The
first of these articular sources is termed “ capitular,” and the
second “ tubercular,” for reasons which will appear later.

The diameter of the centrum from side to side exceeds but
little its diameter from behind forwards.

l" v

‘F1G. 40.~A CERVICAL VERTEBRA.
¢, centrum; s, neural spine: x/, neural lamina; &, posterior or tubercular
transverse process, or dl.:ipophy'sxs + #, anterior (or capitular) transverse pro-
cess, or parapophysis ; 4° and 2', ““tubercles ;" z, prezygapophysis,
9. Of the seven CERVICAL VERTEBRA, the first two are
sufficiently exceptional to demand separate notice. Any
* From mpdg, Lvydv, a yoke, and 4n
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one of the other cervicals, when compared with a dorsal
vertebra, presents the following characters :—

The centrum is smaller, wider in proportion to its depth,
somewhat concave from side to side on its upper surface, and
from before backwards on its under surface.

The neural canal and neural arch are wider, and the neural
spine much smaller and shorter (except in the case of the
seventh cervical vertebra), and often bifid, so that there are
two irregular processes projecting side by side.

There is no long transverse process, but a short one juts
out from between the zygapophyses (therefore in the situation
of the transverse process of a dorsal vertebra), and angther
projects from the body at the root of the pedicle, just at the
place where the capitular articular surface of a dorsal vertebra
is placed, and so may be called the capitular process. These
two short processes are connected towards their ends by a
bndge of bone which extends backwards and somewhat down-
wards from the capitular process to the posterior process.

A space is thus enclosed on each side by the pedicle, the
two processes and the bridge, and it is on this account that
the cervical vertebrae are sometimes said to have perforated
transverse processes.

As these processes are superimposed like the vertebra that
support them, these successive, small, bony rings form a sort
of bony canal running upwards on each side of the neck-part
of the backbone, and this canal serves to protect the vertebral
artery which traverses it. The free end of each transverse
process divides into two blunt prominences called ¢ tubercles.”

Fi16. 41 —THE AXIS VERTEBRA.

¢, centrum ; s, neural spine ; 4, tubercular process; A, capitular process; «, an-
terior articular surface for atlas, z’, postzygapophysis, o, odontoid process .
/i3, median vertical ridge beneath centrum.

10. The second cervical vertebra is peculiar, differs from
every other joint of the backbone, and has a spccial name,
the AXIs.
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It differs from all the other vertebra in having a large blunt
process of bone (like a peg) continued upwards from its cen-
trum. This is the odontoid * process, and it has on its front
aspect a smooth articular surface.

The front surface of the rest of its body often bears a
slightly marked median vertical promincnce.

The axis also differs from all the other cervical vertebra
in having its neural spine stouter and rather more projecting,
though still bifid at its apex. Moreover there are no pre-
zygapophyses, but instead, there is on each side a large
articular surface in front of the root of the capitular process.

11. The first cervical vertebra is also quite peculiar, and
bears the special name * ATLAS,” because it supports the
head.

F1G. 42.—THE ATLAS VERTEBRA.

s, rudiment of neural spine , A, tubercular process ; s, capitular process; a, ar-
ticular surface for skull ; 4y, plate of bone holding the place of a centrum, and
articulating with the odontoird process of the axis vertebra

1t differs from every other vertebra in having no true centrum,
its two lateral halves being connected togcther in front by a
plate of bone, which articulates by its hinder surface with the
front surface of the odontoid process of the axis, while its
own front surface developes a shght median prominence.

While in the axis the neural arch is shghtly deeper and the
neural spine larger than in the other cervical vertebrwe, in
the atlas the neural arch is much more slender, while the
neural spine is absent, or represented by a small tubercle
only. The ncural arch is either perforated or deeply notched
above, just behind the root of the transverse process, which
is longer and larger than in the other cervical vertebra.
Zygapophyses are entircly wanting, but we find a large
articular surface developed both below and above the root of
the transverse pro-~ess of each side.

The two lower of these articular surfaces join thosc before

1 From d3oiig, a tooth, and eldog, form.
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mentioned as correspondingly situate on the axis vertebra.
The upper pair of surfaces, which are larger and more
cup-shaped, articulate with two prominences on the base of
the skull.

The atlas vertebra is formed to turn on the odontoid pro-
cess of the axis as on a pivot. This is further explained in
the Seventh Lesson of “ Elementary Physiology.”

12. Having noted the characters of vertebrae above.the
typical dorsal ones, those below (7. the lower dorsal and
Jumbar) come next.

The lower dorsal vertebra have their centra larger than
those of the upper, while their transverse processes become
shoiter, and their articular processes change their direction,
the upper zygapophyses looking obliquely inwards, the lower
oncs obliquely outwards.  Finally, their neural spines project
less downwards.

In the last dorsal vertebra a small rounded prominence
arises from the posterior margin of each upper articular
process. This prominence is termed the mammillary process,
or Metapophysis.*

Another small prominence projects backwards from
between the upper articular process and the transverse pro-
cess, and is ealled an Anapophysis.2

Fi16. 43 —A LUMBAR VERTEBRA.

¢, eentrum , s, ncwal spme; 7, tubercular process, sz, prezygapophyws,
', postzygapophysis ; a, metapophysis , @, anapophysis.

The LUMBAR VERTEBR.E have their centra still more mas-
sive than the dorsal centra, and deeper in front than bechind.

The neural spines are all more massive, and project directly
backwards instead of downwards.

The transverse processes are larger, and there are no tuber-
cular or capitular surfaces, and no process in the place of
the latter, as are found in the cervical vertcbrae, ’

* From uerd, after, and agophysis. 2 From dvda, backwards.
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Metapophyses and Anapophyses, visible on the first lumbar
vertebra, disappear on lower ones.

13. Below the lumbar vertebra comes a solid complex bone
before mentioned—the SACRUM, of a roughly triangular form,
with one angle downwards. Its front surface is strongly con-
cave vertically, less so transversely. It is really made up of
five vertebrac fused together, and plain traces of its original
composition remain in the fully ossified bone of the most
aged individuals.

The centra diminish in size from above downwards through
the sacral series.

‘The neural canal, completed as usual (7.e. by bone) above,
remains unossified and closed by membrane only at the lower
end of the sacrum, through the imperfect development of the
neural arches of the inferior sacral vertebrae.

Neural spines form a median, backwardly projecting ridge
behind the sacrum, which ridge projects most above.

Transverse processes are largely developed, especially
above, By their anchylosis they form the lateral masses of
the sacrum.

On both the anterior and posterior surfaces of the sacrum
four apertures, one neiow the other, are visible on each side.
This appcarance is produced by coalescence of the sacral
transverse processes, thus :—

F1G. 44.—FRONT AND BACK ASPECTS OF THE SACRUM

a, auncular surface ; 7, prezygapophys:s at upper end of posterior surface
of sacrum

Nerves, as before said, pass out on each side between the
pedicles of adjacent vertebrae. Now the coalescence of the
sacral transverse processes necessarily changes each such
intervertebral opening into a pair of openings, of which one is
dorsal and the other ventral, :
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At the summit of the sacrum is a pair of articular pro-
cesses, which join the lower articular processes of the last
lumbar vertebra.

The lower end of the sacrum is devoid of similar pro-
cesses, or has them only represented by rudiments.

On each side of the upper part of the sacrum is a large
irregular surface, which is coated with cartilage, and articu-
lates with the hip or haunch bone. This is called the
auricular® surface.

14. The last part of man’s spine is, as has been said already,
the coccyX, which consists usually of four rudimentary
vertebrze, completely or partially united
so as to form a small conical bone.

Its uppermost part (Ze. the first
coccygeal vertebra) articulates with the
lower end of the sacrum, not only by
its centrum, but also by two little arti-
cular processes; it has besides two g, 4o _Tus Cocovx
rudimentary transverse processes and Ay .o ypper end are the
rudimentary pedicles, between which  two prezygapophyses.
latter membrane alone extends to clo:e
the neural canal. Below this the coccyx is destitute of pro-
cesses, and consists of but smaller and smaller vertebral
centra fused togecther.

Thus the last vertebra is the very opposite of the first (or
atlas), being all centrum, while the atlas has no centrum at
all. The coccyx usually becomes anchylosed to the sacrum
about or after the middle of life.

15. The WHOLE SERIES of vertcbra are so disposed that
the backbone, when seen in profile, forms four sigmoid curves,
directed alternately forwards and backwards (see Fig. 38).
Thus in the neck it is slightly convex forwards, more
convex backwards in the dorsal region, rather strongly
convex forwards in the loins, while below this the terminal
part of the column sweeps round in a more marked curvature
concave in front, the coccyx continuing onwards the vertical
curve of the sacrum.

_These gentle curves together form a line of beauty, and
give to the vertebral column a strength ter times greater
than it would have were it quite vertical.

The thickness of the front part of the backbone (formed of
the vertebral centra) increases slowly downwards to the

»

¥ From its resemblance to the outline of t':e external car.
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summit of the sacrum, and then decreases very much more
suddenly.

The anterior surface is broadest at the neck, the loins, and
sacrum, and bears no median prominences.

The posterior surface bears a median series of spines, which
are longest in the last cervical vertebra and in the trunk.
They are all directed either downwards or backwards—never
upwards.

The true vertebra, except the first two, are locked together
by articular processes and by the bodies, which latter are
united by intervertebral substances. No other articulations
exist between them,

16. The breastbone, or STERNUM, extends along the front

Fi6 46 —Ricut Sipe oF Tue THORAX
112, the ribs ; s, the manubrium ; x4, the Xiphoid process.

portion of the trunk in the middle line, but its size, com-

glexity, and importance are very much less than the back-
one’s,

. It receives the ends of the upper ribs, protecting the chest

in front, and sheltering the heart.
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The bone is flat. Of nearly equal width for the greater
part of its length, it broadens out above and narrows greatly
at its lower end.

The broad upper part to which the first rib is annexed is
called the manubrium or pre-sternum*

The narrow lower end, which projects freely and remains
cartilaginous till late in life, is called the x/pkoid * process.

17. The RIBS are long, slender, curved bones, which extend
from the spine, and some of them join the breastbone or
sternum. They are twelve in number on each side. The
seven upper ribs on each side join the sternum by cartilages,
and are termed “true ribs.” The five lower ribs do not join
the sternum, and are called “false ribs.” The first nb is
much stouter and shorter than the others.

Each rib, or cosza (except the last two on cach side), has a
double attachment to the backbone. At its hinder end is a
rounded “Zead,” which articulates with the capitular surface
of the dorsal vertebrae. A lttle distance from this there is
on the outer side a rounded articular prominence called the
“ tubercle,” which joins the articular surface on the anterior
side of cach transversc process of the dorsal vertebrea,
Between the head and tubercle is a narrower interval called
the “neck.”

Each rib ends at its ventral termination in an elongated
cartilage called “costal” Those costal cartilages which are
attached to the true ribs, have somewhat pointed inner ends,
and these join the sides of the sternum. Those of the false
ribs cither (as those of the upper three) blend with the lower
border of the costal cartilage next above, or elsc end freely in
a blunt point. The backbone and breastbone, with the ribs,
form together a sort of bony cage, called the skeleton of the
thorax,’ which is narrow above, broad and widely open
below, and wider at its greatest breadth than it is deep at its
greatest depth from before backwards.

This variation in its dimension from above downwards is
produced by the corresponding variation in the length of the
ribs, which increases from the first to the eighth, and then
gradually decreases.

18. The DEVELOPMENT of the skeleton of the trunk, or
spinal endoskeleton, is briefly as follows :—

From each side of the primitive groove, mentioned in the
First Lesson, a longitudinal fold extends #p on each side

* A handle ; manus, a hand 2 From &igog, a sword ; eldog, like.
3 From fwpaf, a breastplate,
D2
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(called Jemine dorsales), and these meeting above form a
canal (the neural canal), while beneath the primitive groove
runs the notochord, or ckorda dorsalis.

Two other longitudinal folds (called lamine wentrales)
extend down—one on each side from the notochord—and
ultimately meet below. Each lamina ventralis splits longi-
tudinally (the split extending up towards the notochord), the

F1G. 47.~DIAGRAM OF T'HF DEVELOPMENT OF THE TRUNK AND ITS SKELFTON
AS SHOWN IN A SECTION OF THE T'RUNK MADE AT RIGHT ANGLES TO 11§
LONG AXIS

Id, lamina dorsalis; #c, the neural canal ; #, the notochord ; e, cartilage ex-
tending dorsally and forming the foundation of the neural lamna, A, cartilage
extending ventrally in /e, which represents the outer Fart of the split wall of
the ventral lammna, Zvz, the inner part of the spht wall of the ventral lamina,
forming by ventral union with 1ts fellow on the opposite side the alimentary
tube , g4, the pleuroperitoneal space between the outer and mner split walls of
the ventral laminzz.

inner fold of each such split uniting with its fellow of the

opposite side to form the alimentary canal, while the two

outer folds of the split form the body wall.

Cartilage becomes deposited at intervals along each dorsal
lamina, and surrounds and encroaches on the notochord, so
that we come to have a series of cartilaginous segments
(vepresenting the future vertebree), the neural Jlaminz of
which are in the dorsal folds.

Similarly, cartilages extend down in the outer part of the
split wall of the ventral laminae. These are the cartilaginous
predecessors of the ribs, which, by their fusion in the mid-
ventral line, form the sternum.

Bone is deposited in the centra (nothing of the notochord
Yeing left but the pulpy substance in the middle of the inter-
vertebral substances), in each neural arch, in each rib, and in
successive portions of the sternum.

Besides these separate ossifications there are also the
epicfhyses, which long remain distinct as bony discs, one above
and one below each centrum ; and there are also epiphyses
in the form of little bony caps to the various processes. The
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transverse processes of some at least of the cervical vertebrae
arise as distinct ossifications, as also do the lateral bony
pieces in the sacrum.

In the axis vertebra not only do the transverse processes
arise as separate ossifications, but primitively both the body
and the odontoid process are distinct bones, and cven an
epiphysis is formed between them, as well as below the cen-
trum and at the summit of the odontoid process.

The anterior part of the ring of the atlas also arises as a
scparate ossification.

19. We will now pass on to the rclations existing between
OTHER ANIMALS and man with regard to the spinal skeleton.
As most animals have their bodies horizontal, confusion n
descriptions is apt to arise from parts being “anterior” m
them which in man are “supcrior,” and vice versd. Toavoid
this ambiguity, it will be well to imagine an axis drawn at
right angles to the general dircction of the backbone. Then
all parts which in man are rclatively superior, and in beasts
anterior, can be termed pre-axial in all cases ; and similarly,
parts relatively inferior in man, and in beasts posterior, can
be spoken of as post-axial: such terms referring not to the
long axis of the skcleton, but to the imaginary line drawn at
right angles to it.

In that man’s spinc is made up of distinct and ossified
vertebra, man agrecs with the vast majority of the members
of his sub-kingdom. Yct, in the class of Fishes, there are
many examples (as in the Sturgeon, ILepidosiren, and Lam-
prey) of the persistence throughout the whole of life, of the
notochord, or chorda dorsalts, of the embryo. Moreover,
when the spine 1s fully ossified, and even in man’s own class
(Mammalia) it may be that the greater number of the ver-
tebree are anchylosed together into a solid bone, as in the
extinct Glyptodon

Instead of being connected as in man, the adjacent
vertebraz may De connected only by synovial sacs, as iu
Snakes, or by intervertebral substances, perforated in the
middle ; and such sacs (as in Birds), or a large part of the
primitive notochord (as in most Fishes), may persist betweer
each pair of bony centra,

That degree of union which exists among the differen
parts of one vertebra in man, does not by any means obtai
in all cases, Thus, in the extinct Jcktkyosaurus the neura
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arch was permanently distinct from (/.. unanchylosed with)
the centrum, and in the Carp the transverse processes are
separate. Even the neural arches may be made up of two
separate pieces on each side, as in Elasmobranch fishes, ¢.g.
Raia and Spinax.

That degree of adjustment of parts which exists in each
vertebra of man is not universal. Thus, e.g., we find in the
Tortoises mneural arches so shifted as to be respectively
annexed to two centra, and thus the intervertebral foramen
comes to be placed opposite the middle of each vertebral
body.

A similar displacement takes place in the upper parts of
the divided ncural arches of the Elasmobranchs just referred
to, so that the parts are united by a zigzag suture. .

FiG. 48 —AXIAL LONGITUDINAL SECTION OF THE VERTEBRAL COLUMN OF AN
ELASMOBRANCH (Raia) .

¢, one of the centra which, being bi-concave, forms lozenge-shaped sections by its
junctions with the concave surfaces of adjacent vertcbral centra, s, a neural
spine ; #,, one of the dorsal parts of a neural lamima, 7,, one of the ventral
parts of a neural Jammna

20. The NUMBER of vertebra in man is far less than exists
in most Vertcbrates, though more than in some. No Verte-
brate has much less than a third his number—even the Frogs
having ten.

On the other hand, some sharks have more than eleven
times as many vertebrz as man, and some serpents more even
than a dozen times his number.

Man has the smallest number existing in his own class,
with the exception of some Bats and Monkeys.

21. The division of the vertebra into the five CATEGORIES
of man’s vertebral column is common to most forms above
Fishes, but we may find the lumbar vertebra indistinguish-
able and the sacral absent; and in Fishes we can hardly
define even a single cervical, the vertebre being reduced to
g;xt twlo categories, namely, those of the trunk and those of

e tail.
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The division of the vertebrz into #r#e and false is seen to
be a very arbitrary one when we extend our view, as all are
“true” in Serpents, and those which are “false” in man are.
true even in some members of his own class, ¢ the
Cetaceans. On the other hand, many vertebrae which are
reckoned to be “true” in him are “false” in other animals.
Thus, in Birds the process of anchylésis invades the lumbar
and dorsal vertebree. In Tortoises all the trunk vertcbrae are
fused, and therefore “false,” while in the Glyptodon none
of the vertebra except the coccygeal can be said to be
“true” ones.

Again, vertcbra may be more thoroughly “false” than even
in man, as in the sacrum of the Rhea (or American
Ostrich), where between the hip-bones they abort, and are
represented only by a long narrow strip of bone. Distinct
vertebree are developed both pre-axially and post-axially to
this strip. ‘ Degradation” is a constant character of the
last vertebrae in all classes of Vertebrates.

22, As to VERTEBR/E in GENERAL, the neural arch is the
constant character of a vertebra—persisting even where (¢.g.
in Lepidosirern) the bodies are not formed.

Two neural arches may correspond to one centrum, as
in some Elasmobranchs ; and merely cartilaginous neural
arches may exist, as in the Sturgeon. The arch may present
processes which are not developed in man. The two laminae
may (as on the Axolotl) fail to meet together on the dorsal
aspect.

1')I‘he centrum, or body, may have its opposite surfaces
strongly convex or concave, contiguous vertebra: uniting by a
ball and socket joint, instead of being flat or nearly so, as
in man.

The ball may be post-axial in each vertebral body, a struc-
ture termed proceelous,* and found e.g. in existing crocodiles ;
or the ball may be pre-axial, which condition is called gpzs-
thoceelous,? and is more rare, but is found e.g. in the land
Salamander, and even in man’s own class, as in the cervical
vertebrz of the Ruminants. .

The vertebrae may have both surfaces hollow, a structure
called amphiccelous ;3 or bi-concave, a condition found in
most Fishes, and even some Reptiles, as the Geckoes. The
osseous bodies may be reduced to mere rings encircling the

! From wpd, before, and «xothog, hollow. B
2 From d&meabe, behind, and koidog.
3 From aug!, both, and kvirog.
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notochord, as in some Elasmobranchs, or to mere cartila-
ginous rudiments in its sheath.

Sometimes (as in the first coccygeal vertebra of the croco-
dile) a vertebra may be bi-convex, or have a ball at each end ;
and very rarely two prominences or two hollows may exist
side by side on one surface of a centrum, as in some cervical
vertebre of Chelonians,

The articulating processes (zygapophyses) are very con-
stant structures, and are substantially as in man, except that

T1G 49 —LATERAL VIEW OF FOUR TRUNK-VERTEBRE OF SIREN.
¢, capitular process ; 7, tubercular process ; ¢, interzygapophysial ndge,

in fishes they cannot be said to articulate truly. A strong
interzygapophysial ridge may connect together the pre- and

e post-zygapophyses of each
side of a vertebra, as in
Siren.

The transverse processes
are structures too complex
to be more than referred to
under this general heading.
The conditions exhibited by
them in man are such as
obtain generally, but by no
means universally, in Verte-
brates above fishes. Two
transverse processes may be
developed from each side of
FiG 50.- UrpBR SurFace oF TweLrrn  the same vertebra and in

CAUDAL \Q:anm oF Lrorarp, g" the same plane. This may
it s iy supaon  be seen in the posterior coc-
the posterior zygapophyses in the an- cygeal vertebra of Apes and

terior vertebra , 7, transverse processes;  gther M ammals, and at least
2, anterior transverse process.

Fram Prof. Flower's “Osteolozy.  0cCasionally in some verte-
(From Prof. §1Osterlos?™)  prae of Polypterus.

The spinous processes of man are less developed than in the
Vertebrata generally. They are, however,considerably more so
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than in many Vertebrates, ¢.¢. than in Bats and Birds. Their
occasionally bifid condition in man may be repeated in much
lower Vertebrates (¢.g. Axolotl), and sometimes (as in Poly-
prerus) there may be two neural spines to one vertebra, one in

F1G. 52.—S1x TRUNK-VERTEBRA OF
PoLyr1ERUS.

The third and fourth vertebraz have
each two transverse processes and

Fi6 51 -Dorsal view of Sixth, Seventh, four rnbs on the side shown, the
and Eighth Post Sacral Vertebra of third vertebra has also two neural
the Axolotl, showing the laterally bi- spines s, neural spme, #, lower
furcating neural spines, each concave nbs. The series of upper ribs s
at 1ts extremuty. not distinguiched by any letter

(From the College of Surgeons’ (From the College of Surgeons’
Mausewum ') Museum')

the front (7.e. pre-axial) of the other. Indeed,in the Conger we
have two such projections from each side of the neural arch.

In certain flat fishes they may be detached from the arches
and intercalated between them. They may expand and
simulate dermal scutes, as in the Tortoises. They may project
through the skin of the back, as in the Potto, or be produced
into long, free filamentary processes, as in the Lizards called
Basilisks.

The intervertebral foramina of man are normal, but in

Y .
FiG 53.~Seven Lrunk-Vertebra: of the Putto. showing the nervous perforations
in the neural laminz,

some animals, even so nearly allied to man as the Potto,
also in the Horse, Ox, Monotremes, and others, the nerves
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pass out through perforations in the neural arches them-
selves, and not between the notches of contiguous arches.

There may be additional parts and processes which are
quite wanting in man, except as represented by the slight
median ridge in front of the axis vertebra.

Such are the processes (sometimes median and azygos,'
sometimes paired) which appear on the ventral aspect of the
centrum in many animals, and which are termed Zypapo-
physes? They may exist as single processes, as in the Hare
and in poisonous Serperts, which have them developed

I G 55 —ANThuox SUREACE OF
ILweLFTH CAUDAL VERTLBKA
or Lrorakn.

m, metapophysis; A, processes

N serially continuous with those
FiG_54—ANTEKIOR SURFACE OF THE

which  support the posterior
Lumsar VERTEBRA OF HARE (Lepus 7yg:\p0phyl§g\ n the pamc"o,
timidus).

ventebra, Z, hypapophyses. The

s, sp'nous process ; #¢, metapophysis, a2z, Emcesi on the side of the body

aiterior zygapophyas . Z, transverse stween »2 and / 1s the anterior
process ; %, hypapophysis transverse process

(From Prof Flowey’s * Osteology”)  (From Prof Flower's “‘Ostenlogy.”)

throughout the greater part of the vertebral column. In the
harmless snake Rachiodorn some of these processes extend
into the cesophagus (swallow), and becoming ¢oated with a
toothlike substance, act as teeth. Hypapophyses may be
developed as paired processes, as in the coccygeal vertebree
of many beasts, or they may be in the form of Y-shaped
arches, as we commonly find them beneath some or other of
the coccygeal vertebree when these latter are large and
numeropus.

23 DORSAL VERTEBRZE, if by that be meant “vertebra
bearing ribs,” are constant parts in all Vertebrates, save
those in which, like the Lancelet and Marsipobranchs, neither
vertebree nor annexed lateral and body-encircling structures

¥ Azygos, from &, not, and {wydg, a ﬂe}llow. This term is applied to parts

which are single, as opposed to those which exist in pairs.
¢ From imo, under, and agophysis.
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become distinctly solidified. Inasmuch, however, as man’s
dorsal vertebrze form a series the first of which bears ribs
. which join a sternum, man agrees with all Vertebrates (ex-
cept Serpents) above the Ichthyopsida ; but he differs from
the whole of the last-named vast group, as in that group
there is either no sternum or else no ribs which join it.

In their number the (i:sol vertebree of man arc a little
below the average of I, ¢fa~ , in which the number may
be augmented to twenty, asin '~ Flephant, or doubled (z.c.
twenty-four) as in the Two-toew . joth, or on the other hand
reduced to ten, as in Azara's Aimadillo.  Comooing the
condition existing in man with that in the N¢ « .mmalian
Vertebrates above Fishcs, we find his number to be smaller
than that in most Reptiles, but somewhat grcater than in
Birds, where, on account of the prodigiously enlarged sacrum,
but three (c.g. Ciconia alba), seven or nine, or, very rarely,
cleven vertcbra are reckoned as dorsal.

In the main proportions of the centrum (the grecater
height in proportion to breadth, smaller medullary canal,
elongated spinous processes, the -articular process, short
transverse processes, and considerable lateral notches), these
vertebrae in man agree with those of other Mammals,

Often, however, the spinous processes may be very much
more prolonged, as in the Ungulata (¢.¢. the Ox and the Horse),
or they may be swollen at their summits, and more or less
anchylosed together, as sometimes in the true Opossums, On
the other hand, they are somctimes almost or quite absent,
as in Bats,

[ ﬁp
Fic 56, ~-DIAGRAM OF A SECTION oF SHELL OF A TORTOISE MADF TRANS
VERSELY TO THE LONG AXIS OF THE SKELEION.

ns, neural spine ; », nb ; 7c and 44, vel:\t]rnl plates not belonging to the true axial
skeleton, .

The most remarkable modification of dorsal vertebrz is
that in Tortoises and Turtles, where the neural spines ex-
pand at their summits into wide plates which articulate by
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suture with each other and with similarly expanded ribs, to
form the “shell” or carapace. These plates are so externally
situate as to be invested only by a horny form of skin.

Fi6. §57.—~DorsSAL SURFACE OF 2\ SHELL OF A FresH-waTer TorTorse
Lwntys).

1—8, expanded neural spines; »'—72, expanded ribs. (The dark lines indicate
the plates of the horny investment of the skeleton )

The transverse processes generally articulate with the
tubercles of the ribs, while the sides of the bodies bear
the heads of the ribs. This mode of articulation, however,
is not constant even in man’s own class, as in the posterior
thoracic vertebraz of the ordinary Dolphins, where there are
no surfaces for the heads of ribs, the ribs are ‘attached to the
ends of the transverse processes only ; while in the Sperm
Whale group (Physeteride) the ribs are attached exclusively
to parts which answer to the capitular surfaces of man.

The notches for the spinal nerves, as has been said, are
not constant structures, but sometimes are replaced Dby
direct perforations of the ncural lamine,

The flatness of the surfaces of the vertebral bodies in man
is a condition constant in his class, but in Birds these
surfaces are concave in one direction and convex in another.
A ball and socket or a bi-concave articulation is to be
found in yet lower farms,

That the only articular *vertebral processes are the
zygapophyses, is a character man shares with most of his
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class. It is possible, however, for the neural spine to send

back a pair of processes (hyperapophyses ?),
as in Galago, &c., embracing the neural
spine next below, or, as in Dolphins, that
a pair of metapophyses may project pre-
axically from one spine and embrace that
of the next vertebra. These, however, do
not support articular processes, and are
rather checks than joints,

But a much more complex mode of arti-
culation is possible. Thus, in Serpents and
Iguanas we may have a median prominence
with two articular surfaces, developed from
the pre-axial surface of the neural arch, and
fitting into a corresponding concavity on the
post-axial surface of the vertebra in front.

This pre-axial wedge-shaped process is
called the zygosphene,” and the correspond-
ing post-axial excavation is termed the
zygantrum.$

The maximum of dorsal joint complica-
tion, however, is found in the last dorsal
vertebra of certain Edentates, ¢.¢. the Great
Ant-eater. Here each postzygapophysis
develops two additional articular surfaces,
one on each side of a notch, which receives
a process from the pre-axial side of the
neural arch, which process is furnished with
two corresponding surfaces — there thus
being three articular surfaces on each side
of such vertebra, fitting into corresponding
surfaces of the vertebra adjacent in the
mode known in carpentry as “tenon and
mortice,”

In so far as man’s dorsal vertebrz are all
free (Z.e. true vertebrae), he agrees with other
Vertebrates, except such abnormal forms as
Chelonians and the Glyptodon, and except
also Birds, in which anchylosis unites a
greater or less number of the vertcbra next
the lumbar region.

* From imép, beyond, over, and apophysis.

F1i. 58 —=SrinaL
(O1UMN  OF
Gavraco.

2 From {wyév, a yoke, and ogh, a wedge. 2, postzygapophyses ;

3 From {vydv, and ditpov, a cavity.

£, Wyperapophyses.
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Those small and insignificant processes which make their
appearance as mere rudiments on the last dorsal of man are
commonly much larger in other Mammals, and may be
exceedingly developeg ; as, however, they attain their maxi-

Fic 59 —FRONT AND BAck VIEW OF A VERTEBRA OF A RATTLE-SNAKE
(Crotalus).

¢ (in lefi hand figure), concavity of pre-axial surface of centru.n, (in right
haul figure), convexity of post-axial surface of centrum; s, neur. <pne; Ay,
hypapophysis; s/, post-zygapophysis; £, tubercular process, 7, capitular
process, #3, peculiar extra transverse process ; za, zygantrum ; 2s, zygosphene.

mum in the lumbar renion, they will be better described
hereafter. They are not certainly present in Vertebrates
below Mammals. DBut in some Chameleons (e.g. C. Parsonii)

Ty

F1u. Go.—~SIDE VIEW OF TWELFIH AND THIRTEENTH ‘THORACIC VERTEBRA OF
GREAT ANT-EATER (Myrmccophaga jubata), §

#m, metapophysis ; #, facet for articulation of tubercle of rib ; cc, ditto for capitulum
of rib; az, anterior zygapophysis, az!, additional anterior articular facet;
23, posterior zygapophysis; £z and pz2, additional posterior articular facets.

(From Professor Flowey's ** Osteology.")

a prominence is developed from each prozygapophysis, which
may be a metapophysis, and this attains a very great size in
some Colubrine snakes. In Birds such a process exists,
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though less developed, in the posterior cervicals of the
Great Auk.

The articular surfaces which support the ribs in man are
normal in his class. Sometimes, however, each vertebra
carries but one surface—that for the head of the rib (as in
the Dolphin). The two articular surfaces may coexist at
different levels on one single process, as in the dorsal yerte-
bre of the Crocodile; or they may-be in close apposition,
and, as it were, fused together, as in Serpents; or they may
be raised on two quite distinct processes—one dorsal, the
other ventral—as in the Ichthyosaurus and in Menobranchus.

We find in some serpents peculiar processcs (17ig. 59, 73)
extending ventrally and pre-axially from the base of the
inner side of the transverse processes.

The even surface of the anterior (ventral) aspect of the
dorsal vertebrae of man is very dificcent from what we find in
some animals, as ¢«.g. the Penguin, Cormorant, and many
serpents, where there are long hypapophyses equalling or
exceeding the neural spines in length.

24. The CERVICAL VERTEBRA of man, in that they are
seven in number, conform to a law which is singularly con-
stant in his class, whatever the length of the neck, whether
it be extremely long, like that of the Giraffe, or like that of the
Porpoise, reduced to a mimmum. Nevertheless, this law is
not absolutely universal, as there are one or two singular
exceptions amongst Mammals. Thus the Three-toed Sloth
has nine cervical vertebre, while one of the Two-toed kind
(Cholapus Hoffimannit) and the Manatec have but six.

In Sauropsidans the number is grcater, and sometimes
there are as many as twenty-five, as in the Swan. In Batra-
chians but a single vertebra can be called cervical, and
none merit the name in the class of Fishes. Nevertheless,
the first three or four vertebrac next the head may, in some
fishes, present a marked difference from those vertebrae
which succeed, being much elongated and all united by
suture, as in Fzstularia and Bagrus, and they may, as in the
latter fish, develop a continuous hypapophysial canal. The
second and third vertebra may form a hollow bladder-like
case of bone, as in Cobitis, or send outwards or downwards
special processes, as in the Carp.

In that ‘the cervical vertebric of man are smaller than
those in the other regions, he agrces with many animals and
differs from many. They may be (as in Bats and in their
extinct precursors, the Pterodactyles) absolutely larger in all
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respects than any other vertebrze. They may be (as in the
Giraffe, and indeed in Ungulata generally) larger than more
post-axial ones. On the other hand, they may be excessively
reduced—mere delicate laminz of bone, as in Porpoises.
The free condition of man’s cervical vertebrze is normal and

FIG. 61 —SEC 1ION OF MOST PRE-AXIAL VERTEBRA, AND PART OF SKULL OF
Suvuroip Fisu, Bagrus.

(From Professor Owen's “Archetype of the Skeleton.”)

al, ax, v3, v4, v5, v5, and 27, centra of the scven most pre-axial vertebra ;
s,neural spine of second vertebra; eo, ex-occipital ; do, basi-occipital, 4y, hyp-
apophysia Fplatc extending along on ventral side of vertebral centra. The lateral
parts of the first two vertebra (between eo and s) are umted by suture with
each other and the skull.

almost constant in his class. Not quite so, however, for in
the true Whales they usually become anchylosed together, so
as to form a sort of cervical sacrum. They may, on the
contrary, be distinguished as the oz/y free vertebrz except
the coccygeal ones, as is the case in Tortoises ; and as in
Birds, where the long and very mobile neck has to supply the
place of an arm in supporting a beak which rivals in delicacy
of action any hand and fingers known to us, as is manifest
from the wonderful counstruction of their many kinds of nest.

That part of each cervical vertebra which is called the
body varies as to shape in the way just described in speak-
ing of the cervical vertebre considered as whole and entire
bones.

The pre-axial concavity and post-axial convexity which the
bodies exhibit, represent the much more marked concavity
and prominence which we find in some Mammals, e.g. the
Sheep and Horse.

In the lowest Mammals (Echidna and Ornithorhynchus) the
cervical transverse processes remain as distinct more or less
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Y-shaped bones; and we find the same in the Crocodile,
where the free end of each Y-shaped bone is singularly pro-

FI1G. 62.—SECTION THROUGH MipbLKF LINE OF UNITED CFRVICAL VERTEBRA
OF GREENLAND RIGHT WHALE (Balena mystutus).

a, articular surface for occipital condyle; e, epiphysis on posterior end of body ot
seventh cervical vertebra ; sz, foramen in arch of atlas for first spinal nerve,
1, arch of atlas, 2, 3, 4, 5, 6, conjoined arches of the axis and four following
vertebrz ; 7, arch of seventh vertebra.

(From Prof Flowey's “ Osteology ")

longed in the line of the backbone—7.c. pre- and post-axially.
In many lizards and birds the posterior cervicals bear long

F1G. 63 —Third Cervical Vertebra of a nearly full-grown Echidna (E. Zystrir),
the different pieces of which 1t 15 composed being shghtly separated from one
another —»a, neural arch; ¢, centrum, #, transverse process, 7, artenal
canal, #cs, neuro-central suture.

(From Prof. Flower's * Osteology."”)
ribs, and are only counted as cervical because their ribs do
not join a sternum, which yet is attained by the ribs of other
vertebrae,
E
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The canal formed by the series of perforated transverse
processes may be replaced by one excavated inside the neural
arches, as in the cervical vertebra of the Camels and Llamas.

In some Cetaceans the external osseous boundary of the
perforated transverse process is wanting, so that there come
to be two elongated transverse processes on each side.

The length of the cervical neural spines in man, though
much greater than in many animals, is yet quite insignificant
compared with the development they attain in certain Apes
(Gorilla, Orang, Perodicticus) and in the true Opossums.
Indecd, these animals show that the cervical spines may be
the longest ones of the whole vertebral column. In the truc
Opossums and in some Armadillos their apices become
anchylosed together.

The bifurcation of the neural spines is carried further
down the backbone (ie. extends to more vertcbra) in man
than in any other mammal ; but this is not the maximum of
complication of the part, as in the Howling Monkeys
(Mycetes) we find a trifid spine. On the other hand, we
often meet with a bifurcation in the dorsal and lumbar regions
which is not present in the human skeleton.

That faintly-marked prominence which exists in man in
front of the prezygapophysis is really a rudiment of a meta-
pophysis, as 1s plainly shown by the skeleton of the Spider
Monkey (Ateles).

I''c 64 —AXIS AND FOUR FOLLOWING CERVICAL VERTEBR/E OF A SPIDER
Monkiy (A4Zfeles).

712, metapophysis.

The smoothness of the anterior surface of the cervical
vertcbral bodies in man is a great contrast to their condition
in some animals (as e.g. in Birds) ; for prominences (the hypa-
pophyses) on the post-cephalic vertebrae may (as in Crofalus)
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equal, if they do not exceed, the neural spines in length.
Hyperapophyses may exist upon the postzygapophyses of
the anterior cervical vertebre, as in the Dog.

25. In the preponderating size of the LUMBAR VERTEBRE
man but exaggerates a character generally present in his
class, but this preponderance is not universal, as is shown by
Bats. Lumbar vertebra are generally to be distinguished in
Mammals, and in Crocodiles and certain Lizards, but not in
any Ichthyopsidan.

In Birds, lumbar vertebrze are present indeed, but disguised
and hidden by exaggeration of the sacral anchylosis.

The number in man is below the average of his class,
though some Apes have but four, the Two-toed Sloth but
thrce, and the Monotremes but two.

The largest number in quadrupeds is cight, or sometimes
nine, found in the Slow Lemur—which is very remarkable, as
in that beast there are also sixteen dorsal vertebraz. There
may indeed be as many as twenty-four lumbar, as in the
Dolphins, though the limits of the region are somewhat in-
determinate in those animals.

The spinous and transverse processes of the lumbar verte-
bre are shorter relatively in man than in most Mammals,
which also have them gcnerally directed towards the head.
The lumbar transverse processes may be excessively pro-
longed, as in Cetaceans, and the last ones may articulate or
anchylose with the sacrum, as in the Horsc.

Fic. 65.—LUMBAR VERTEBRE OF THE GREAT ARMADILLO (Préodontes).

«, centrum ; s, spine; #, capitular process, 2, ?ostzygapophyus: #m, meta-
pophysis; a, anapophysis, 1, 22, 3, x4, four contiguous but distinct
arucular surfaces.

(From the College of Surgeons’ Museum.)

The metapophyses and anapophyses attain their greatest
length in the lumbar region : thus in the Armadillos the
former processes equal the spinous processes in length, and

E 2
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serve to support the bony shell of those animals. In Prio-
dontes the metapophyses are enormous, and there are four
articular surfaces on each side of each end of a lumbar
vertebra.

In addition to the complexity of articulation described as
existing on the last dorsal vertebra of the Great Ant-eater, we
find in this animal’s lumbar region an additional articular
surface on cach side of each transverse process.

A long hypapophysis may be developed, as in the Hare.
Instead of being free, as in man, the lumbar vertebrae may
be anchylosed together and with other parts, as in Birds, the
Chelonians, and Glyptodon.

Fi16 66.—PELVIS OF A BIRD ANCHYLOSED TO THE LUMBAR VERTEBRAE.

A3, last free dorsal vertebra; ¢, coccygeal vertebrze; #/, ihum. (For the other
letters see Lesson V)

26. Inasmuch as the first two vertebre and no more are
specially modified, man agrees with all birds and beasts, and
differs from all below. The specialization may, however, be
even greater than in him, as is the case with Chelonians,
where each cervical has its own peculiarities, Thus in the
common curopean Terrapin we find the fourth cervical with
its centrum convex pre-axially, and concave post-axially ; the
fifth is bi-convex; the sixth is concave pre-axially, with a
double post-axial convexity ; the seventh has a double pre-axial
concavity and a double convexity post-axially ; the eighth has
a double concavity at each end; the ninth has a double
pre-axial convexity and a single one post-axially, and also
curiously arched post-zygapophyses.

The ATLAS of man, in having no true body, agrees with that
of all Vertebrates above the Ichthyopsida. In the highest
member of that group, the Frog, the first vertebra has the
neural arch attached to a centrum just as the other vertebra
have, and at the same time the power of rotation on the
second vertebra is lost.

In having two articular surfaces for the skull, man’s atlas
differs from that of Birds and Reptiles, but agrees with that
of Batrachians and some Fishes.
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The total absence of articular processes is a character
common te man’s class, but in Birds and in some Reptiles
(¢.£. the Iguana) postzygapophyses are present.

The spinous tubercle may be enlarged into a distinct
pointed process, as in some Baboons. The neural spine may
be detached from the neural arcs, as in the Crocodile and
Tunny. It may,as in the fish Ephippus, be separated from its
centrum by the intrusion of the skull wall ; the inferior tubercle
may be drawn out into a long process, as in the Hare, or be
doubled, as in the Duck-billed Platypus. Occasionally, as in

FiG. 67.—LATERAL, DogrsaL, AND VENTRAL VIEw oF FIRST VERINBRA OF
Amphiuma,

Amphiuma, the body of the first vertebra may send out
a process towards the hecad, reminding us of the odontoid
process of the axis.

The slenderness of the neural arch and transverse processes
is exceptional in man. The arch may be open medianly
above, as in the Frog. The transverse process is expanded
into a large plate in almost all beasts below Primates, but it
may be short and imperforate, as in the common Fin Whale.

The canal for the vertebral artery 1s generally more com-
plex (through increase of ossification) in beasts than in
man, where indeed the osseous canal is simple. Transverse
processes are also generally absent or rudimentary below
Mammals, though the Crocodiles have them very loag and

* nb-like.

The free condition of the atlas is not universal, as itis
anchylosed to the axis in the Dolphin, and with all the other
cervicals in the Right Whale. It may be fused in one solid .
mass with the skull, as in the Sturgeon, or with a certain
number of succeeding vertebre, as in the Rays. It may be
firmly united by suture with both, as in the Ganoid fish Bagrus
(see Fig. 61). The anterior base of the atlas may be un-
ossified, as in the Wombat, or may remain a distinct bone,
a; in the Thylacine. The real nature of this part will appear
shortly.
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27, In its marked peculiarities the AXIS of man agrees
with that of almost all Vertebrates above the Ichthyopsida,
where it is indistinguishable. As we have seen, however, it
may, as in many Cctaceans, not remain distinct; and even
where it does remain distinct in them, the odontoid process
is absent or very short.

In the coalescence of that process with the centrum, man
agrees with the immense majority of his class; but in the
Duck-billed Platypus it remains distinct as an edontoid éone,
as it does also in many Reptiles (e.g. Crocodiles, Chelonians,
and Lizards), where, however, it remains closely connected
with the body of the axis.

F1G. 68 —ATi As AND AXIs VERTEBRAE OF A CHELONIAN REPTILE.

%y, hypapophysis of atlas; #, tramsverse process ; z, prezygapophysis; z', post-
'1ygnpophysxs; s, neural ’spine; #&y', odontoid bone ; Zy", hypapophszsis of
true centrum of axis.

(Frome the College of Surgcons’ Museum.)

The odontoid process may present a semi-cylindrical shape,
as in the Shecp.

The slightly increased size of the neural spine of man’s
axis compared with those of his other cervical vertebre, is but
a faint indication of the great predominance it attains in many
Mammals—arching forwards and backwards over three or
four vertebrae. Its apex may be trifid, as in Mycetes and the
Potto. Single or double hypapophysial processes may be
developed, and the transverse process may be long and large,
as in the Monotremes, where it (as a short and wide rib)
Yemains for a considerable time distinct, and is attached to

o superimposed transverse processes.

In its freedom the sccond vertebra varies in the way alrcady
indicated in describing the atlas.

#. 28, The SIXTH cervical vertebra of man scarcely differs
» from the fifih, though the capitular root of the transverse pro-
cess is slightly wider. This widening is a feeble indication
of a marked and general mammalian condition, for (though
not in the highest Apes) this root is usually much enlarged,
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and forms a conspicuous plate, as e.g. in the Ox and Dog;
and even in the Dolphin, where the cervical vertebree are
such thin plates of bone, the same root is suddenly enlarged.

In no animal but man does the spine of this vertebra ever
bifurcate.

The SEVENTH vertebra sometimes in man has its transverse
process imperforate, by the non-development of its capitular
root. This condition, abnormal in him, is normal but not
universal in the rest of his class. In other Mammals, as also
in man, a short free rib may be attached to the transverse
process of this vertebra ; and where, as in the Three-toed Sloth,
the number of vertebra is mne, it is the eighth and ninth
vertebrae which resemble in structure the sixth and seventh of
man—thus showing that in this anima] it really is the cervical
vertebrae which are increased in number, and not that the
condition has been produced by the first two dorsal ribs
being imperfectly developed.

29, The coalescence and degradation which characterize
the SACRAL VERTEBRZ generally occur more or less in Verte-
brates above the Ichthyopsida, which possess fully developed
himbs.

The coalescence is generally less extensive than in man,
though sometimes (as in Birds, some Edentates, and some
Reptiles) it is much greater.

The sacrum of man is indeed a peculiar structure as regards
the coexistence of characters each of which, taken separately,
is shared by some or other members of his own class and order.
The characters of which the coexistence is peculiar to him
are: (1) The very marked sacro-vertebral angle, (2) The trans-
verse and axial concavity of the ventral surface of the sacrum.
(3) The concurrence of as many as five, or even six verte-
bra in its formation—three of them generally contributing to
form the auricular surface. (4) Its relative breadth, and the
gradual way in which it narrows post-axially without any
sudden contraction. (5) The large size of the foram'na.
(6) The small development of the spinous and other processes.

This region may, however, be more exceptional and pecu-'
liar than in man, as ¢.¢. in the Rhea, where the vertebral inter-'
space between the haunch bones is filled by a very narrow
continuous ossification without a trace of division °
vertebrz.

The sacrum of man may be looked at from two points of
view, and it is very difficult to determine what parts really
answer to it in many animals.
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Thus: (A) it may be looked at with regard to its relation to
the nerves which pass out through its foramina in front ;* or,
(B) with regard to the skeleton only, and this again from three
other points of view: (1) with regard to the skeletal ele-
ments which comprise it; (2) with regard to its connexion
with the hip-bones, and (3) with regard to the bony union of
more or fewer vertebre into one solid and complex mass.

The sacrum of nervous supply (Ze. as estimated by the
destination of the nerves passing out through it) is much more
constant than the purely osteological sacrum. It never
probably embraces more than seven or less than two, perhaps
rarely less than three vertebrz,

But while in man it is the two or three pre-axial sacral
vertcbra which have distinct costal elements, and while a
similar coexistence is probably universal in his class, very
different conditions may possibly obtain when we descend
further in the scale of animal life.

Thus, in Birds the sacrum of nervous supply appears in
part to be made up of vertebrae which have no expanded
sacral ribs, while large transverse proccsses are attached to
the most post-axial vertebra of the nervous sacrum.

The purely osteological sacrum is a very variable part with
regard to all the three conditions above enumerated, varying
even in the same species with the advance of age.

Man agrees with most if not all Mammals n having the
more pre-axial part of his large sacral transverse process a
distinct costal element. In Birds, however, the vertebrza of the
sacrum which have expanded transverse processes, do not de-
velop these from distinct ossifications. In lower forms (c.g.
Crocodiles and Tailed-Batrachians) the sacral vertebra have,
on the contrary, a distinct and unmistakable rib attached to
each transverse process.

As regards the extent of connexion between the osteologi-
cal sacrum and the hip-bones, union is more extensive in man
than in most beasts, or animals below Birds. Often in Mam-
mals, and almost always in Tailed-Batrachians, it may be con-
fined to a single vertebra. On the other hand, ten vertebrae
11'131;1{1 be involved in this union in Mammals, and twenty in

irds.

That part of the haunch-bone which we shall find is named
the ilium, alone unites in Birds (Fig. 66, i/) with this great
number of vertebra; but in man’s class it only joins four

® As to the nerves, see Lesson VILI.
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or five, though when that bony element which we shall find
to be called the ischium also effects a bony union, the num-
ber may be raised to ten—as in some Armadillos.

When the osteological sacrum embraces as many as
twenty (as in the Ostrich), then the lumbar vertebrae are
encroached on by the extent of the hip-bones. Coccygeal
vertebrae indeed may take an extensive share in it, as in some
Edentates and Bats, where the osteological sacrum not only
unites with the so-called ilium, but also anchyloses with the
bone which is commonly termed the ischium.

The possession of a true osteological sacrum is a character
man shares only with Vertebrates above Fishes. Very rarely,
however, as in the Turbot, there is in Fishes even a kind of
false sacrum, formed by the anchylosis of the bodies and
ventral spines of the first two coccygeal vertebra.

Compared with his own class only, man exhibits a sacrum
which includes a number of vertebra attained by few others,
and but rarely exceeded, though sometimes there are six in
the highest Apes. The number may reach eight, or even (as
before said) ten in certain Armadillos ; but this is the highest
number of man’s class, though about the smallest number
found in the class of Birds, where, as we have seen, there
may be as many as twenty.

Apart from union with the hip-bones, coccygeal vertebree
become anchylosed with the true sacrum in Mammals with
the advance of age, so as to form altogether four or five sacral
vertebrae. That the development of the sacrum is not always
in proportion to that of the pelvic limbs, is proved by the
httle lizard Seps, in which, in spite of the rudimentary con-
dition of the Limbs, there are thrce sacral vertebrae. The
sacro-vertebral angle is generally replaced by almost a
straight line, and it is not nearly so marked in any Mammals
as in man, except in some Baboons.

The concavity of its ventral surface, which is so variable in
man himself, is generally much less marked in other Mam-
mals, but sometimes it is quite as great, as in certain Baboons.

The tapering form of the sacrum of man is also exceptional,
but it exists in the highest Apes, in Bears, and some other
Mammals. Generally, however, in man’s class the sacrum
contracts suddenly at its post-axial end.

The wing-like processes (the sacral ribs) make it relatively
wider than long in most Mammals.

The sacral spinous processes of man are but rudiments of
what sometimes exist, as they are very long in Carnivora and
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others, and sometimes unite into a strong crest even in Pri-
mates, but especially in the Rhinoceros, some Ruminants, and
Insectivora, e.g. Sorex and Myogale.

The lower end of the sacrum 1n man is devoid of processes,
but in most forms there is a pair of strongly marked ones,
which are most probably tubercular processes with annexed
connate or developed ribs.

Metapophyses and anapophyses are hardly to be detected
on the sacrum of man; but they are distinctly visible in many
Mammals, even Monkeys.

The occasional open condition of the neural canal in man
is very exceptional, being repeated only in the highest Apes.

That the sacrum has a flat articular surface at one end
for the last lumbar vertebra, and at the other for the coccyx, 1s
the normal condition, but the vertebree composing it may, as
in Batrachians (e.g. Menopon:a and Cryplobranchus), be con-
vex in front and concave behind. It may, however, present a
condition such that its two component vertebrze have the
conjoined surfaces of their centra flat, and the other surfaces
respectively concave, as in Crocodiles.

30. No better example of the inadequacy of the exclusive
study of man for a full comprehension of his frame can pro-
bably be given than the human os coccygis.

The anthropotomist, though he would readily perceive that it
was the rudimentary representative of a tail, would yet never
suspect to what diverse and curious structures it corresponds.

Indeed, the COCCYGEAL REGION of the vertebral column,
instead of only varying as to the size and number of its parts,
is the subject of very peculiar modifications of structure, and
of unexpected modes of ossification and development.

It may act as an extra hand ; it may be the main or exclu-
sive locomotive organ ; it may, together with the neck, contain
the only free vertebre of the body ; or it may be still more
reduced and rudimentary than in man.

It may in part consist of a solid bone formed by the fusion
of primitively separate vertebra, or it may be distinguished
from the rest of the vertebral column as the only portion
rever made up of separate vertebrae at any time of life.

The three, four, or five coccygeal vertebrae of man may be
represented by as many as forty-six in his own class—namely,
in the long-tailed Pangolin or Manis ; and in his own order
it may reach the number thirty-three, as in the pre-eminently
arboreal Spider Monkeys, which have the tail prehensile,
serving as an additional hand. It may, on the contrary, in
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his own order, be reduced to three bones, as sometimes in the
Magot ({nuus).

Fic 69 —CAuDAL VERTEBRA  Fi16. 70 —PosT-AXIAL TERMINATION OF THE
OF Inuus. VERTEBRAL COLUMN IN A SALMON.

(From Specimens in the British Museum.)

It is in aquatic forms that the tail attains the greatest
relative bulk, and in some Sharks may contain the prodigious
numbeft of 270 vertebrze.

It is in the Tortoises that we find the tail supported by the
only free vertebrae which are not cervical, all those of the
trunk being immovably united with the ribs and with the
dermal bony plates forming altogether the shell, or carapace.

The maximum of degradation and abortion of the coccyx
is in the Bats, where coccygeal vertebrae may be reduced to two.

The coccyx of birds generally consists of from six to eight
vertebrz, but may have ten. At its end is a so-called plough-
share-bone, consisting of two or more anchylosed vertebrae.

The peculiar coccyx of the Frog never consists of distinct
vertebra at any time of life, but is formed by the ossification
of the membrane which surrounds the notochord, to which
two small neural arches become attached.

In osseous Fishes the end of the tail is turned up and
remains persistently as a cartilaginous rudiment at the end of
the vertebral column, generally hidden and enclosed by special
bony plates.

In the higher animals provided with numerous coccygeal
vertebra, these vertebrae are often provided with processes
and articulations as complex as those of vertebra more
anteriorly situate. Pre- and post-zygapophyses, anterior and
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posterior transverse processes, metapophyses, neural arch and
neural spine, together with hypapophysial processes or arches
(chevron bones), may be present in man’s own class, In Fishes
the hypapophysial parts may be very largely developed, as,
¢.g. in the Flat-fishes, In Tailed-Batrachians, the anterior

FiG 71.—PART OF THE VERTEBRAL COLUMN OF A SOLE.
7, neural spines, g, transverse processcs ; %, hypapophyses.

coccygeal vertebrae (e.g. in Menobranchus) may be furnished
with true ribs, supported by both tubercular and capitular
transverse processes, in addition to articular, neural, and
hypapophysial parts.

F1G. 72. —LATERAL VIEW OF THE FIVE MOST PRrE-AX1AL CAUDAL VERTEBRA
OF MENOBRANCHUS

#, tubercular process ; ¢, capitular process ; £y, hypapophysis.

The downwardly tapering condition of the coccygeal verte-
bre which exists in man is the general condition of such
parts ; but sometimes, as in the little Armadillo Chlamy-
dophorus, the transverse processes increase in size instead of
decreasing in that direction,
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In lower forms, e.g. Tailed-Batrachians and Fishes, the
inferior (hypapophysial) arches sometimes develop articular
processes or parts simulating such.

31. The beautiful sigmoid curvature of the VERTEBRAL
COLUMN of man (Fig. 38)is, in its perfection, absolutely pecu-
liar to him, though some of the Apes (not the highest, but the
Baboons—Cynocephals) approximate to him in this respect.
This exceptional condition of structure in man is related to
his exceptional (erect) attitude.

As exceptional a curvature, though a very different one,
may cxist. This is shown by Bats, where the hinder part *
of the spine bends sharply forwards as a quadrant, bringing
the pelvis very much in front.

The gradual thickening of the spinal axis from its cranial
end downwards to the sacrum, is a condition which obtains
generally in Vertebrates, except Fishes, Bats, and those
extinct flying Saurians the Pterodactyles, in which that axis
gradually decreases in bulk tailwards.

The post-axial projection of the neural spines, especially
those of the posterior cervical and anterior dorsal vertebre, is
considerably less in man than in most anmmals of his class,
though considerably greater than in some—e.g. the Hedgehog.
On the other hand, neural spines attain in many Fishes (¢ g. the
Sole, Turbot, &c.) a prolongation compared with the srze of
the spinal axis vastly exceeding anything to be found even
in the marine (Cetacean) members of the class to which man
belongs.

32, The mode of OSSIFICATION of the vertebrae of man
agrees with that which exists generally in his class, most of
the vertebree ossifying from one point in the body and one
other point in each neural arch—becsides from the epiphyses,
where these cxist.

The line of junction of the lateral (neural) picces with the
central piece is termed the neuro-central suture, and in most
Mammals, as in man, it is so disposed that each lateral piece
contributes to form a portion of the body. This is not, how-
cver, universally the case, as in the Whale order the suture
is placed more dorsally, so that the central ossification forms
not only all the centrum, but also more or less of cach lateral
piece.

Just as in man, so in other members of his class, separate
ossifications often indicate costal clements in the cervical,
lumbar, and sacral regions.

The fact, however, of a part being ossificd by the extension
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into it of a neighbouring ossification (when it is said to be
exogenous ), or by an independcnt centre (when it is said to be
autogenous-), constitutes but a very sccondary and unim-

FiG 73 —ANTERIOR SURFACE OF VERTEBRE OF DoLraiN (Globiocephalus
melas,

A, fifth thoracic ; B, seventh thoracic : c, eighth thoracic ; b, first lumbar ; », rib,
n, metapophysis ; Z, transverse process The dotted lines mndicate the posi-
tion of the neuro-central suture.

(From Prof. Flower's *‘ Osteology ')

portant distinction ; since ncural arches (as in the tail of
the Dog) or neural spines (as in trunk vertebra of some
Ungulates) may ossify in either mode.

In the same way, transverse processes, both capitular and
tubercular, may be formed by outgrowths of the central ossi-
fication only, or by extensions of the lateral ossification, or
by the concurrence of both these parts, as in Plesiosauria and
some Cetacea (see Fig. 73).

The presence of epiphyses on each side of the body and at
the tips of the neural spines, transverse processes, and meta-

1 From &, outside, and yevéabay, to arise.
2 From al1dg, self, and yevéatua,
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pophyses, is a character common to most animals of man’s
class, but the centrum does not appear to have epiphyscs
in the Sirenia, Monotremata, and in the animals below the
mammalian class.

In those Mammals which have chevron-bones there are,
of course, ossifications which do not exist in man.

Fic 74 ~ CALDAL VERTEBRA OF A CROCODILE,

¢, centrum, s, neural spine , Z, transverse process , 2, pre-zygapophysis ; z', post-
zygapophysis, %y, hypapophysis, or *‘ chevron-bone ”

In the lower Vertebrata the vertcbral bodies may be at
first formed by superficial ring-like ossifications, as in many
Fishes ; and in some, as in the Carp, distinct lateral ossifi-
cations may exist, one on each side of the centrum.

The walls of the two concave vertebral, articular cups may
ossify, making an hour-glass-shaped ossification, to which
concentric or radiating lamellee may be added, as in certain
Sharks.

Cortical ossifications (r.e. of the fibrous sheath of the
notochord) may appear and coalesce with vertebra, as in
the coccygeal vertebrae of the Frog.

Sometimes, as in Lepidosiren, bony neural arches may be
formed, and more or less embrace a permancntly soft and
unossified chorda dorsalis.

33. A bony case, like the THORAX of man, exists in all
Beasts and Birds, without exception. It also generally exists
in Reptiles, but is strangely modificd in serpent-like Lizards,
.and in Tortoises. In the former it is enormously drawn out,
and made imperfect below by the small development of a
sternum. In the latter it attains a maximum of solidity, and
enters into bony union with the dermal skeleton.



© g ELEMENTARY ANATOMY. [LESS.

A thorax is not a constant character of Vertebrates, for it
cannot be said to exist in those Batrachians which have
no ribs, neither in true Serpents nor in Fishes, both these
groups of animals being utterly destitute of a sternum.

34. The STERNUM of man represents a part constantly pre-
sent in limbed Vertebrates above Fishes, except Chelonians,
as also in some forms in which the limbs are absent. Its
human condition, however, of serving as a ventral abutment
to ribs, though general, is not constant, as not only may ribs
exist without a sternum—as in Fishes and Serpents—but a
sternum may exist without ribs, or without forming any
cartilaginous or osseous connexion with ribs, as in the class
Batrachia.

The sternum of man, considered as a whole, is neither so
broad nor so narrow as in some other forms, and its depth
from the surface inwards is much less than may obtain.

Thus it is broader in proportion to its length in most
oviparous animals (from Birds to Batrachians), also in some
Mammals, as the Whales, and even in the Siamang Gibbon,
belonging to man’s own order. In most members of man’s
own order, however, and in very many of his class, it
is, as in the Dog, and in some Reptiles (as the Crocodile
and Ehamelcon), much more narrow in proportion to its
length.

The above exception as to Chelonians not having a ster-
num may well excite surprise, for Tortoises and Turtles have
not only well-developed limbs, but it has been commonly
supposed that part of their “shell,” the great ventral shield
(or plastron), is one great sternum, or at least a sternum
with dermal ossifications added. It appears, however, that
this great complex plate does not really include a sternum.

That threefold division of the sternum which exists in man
is normal in his class. In Birds and Reptiles it also exists,
though more obscured and difficult to define.

Even in Mammals, however, this threefold division is not
universal, as (¢.g. in the Greenland Whale) only the manu-
brium may exist, the rest of the sternum aborting; while
in the Dugong we have a xiphisternum (the representative
of the xiphoid process of man), together with a manubrium,
but no ossified representative of the middle part of the
sternum. '

In Tailed-Batrachians and the Slow-worm (4 ngwuis) we have
a simple sternum which cannot be said with certainty to re-
present any one of the three divisions ; while in many Frogs
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and Toads we have a middle and xiphoid sternum, as also in
many Reptiles, and we have all three (as before said) in some
, Reptiles (e.g. the Crocodile and Chameleon) and in Birds.

The manubrium forms a much larger part of the sternum in
some members of man’s class than it does in him, as is the case
in the Cetacea, the Monotremes, and in the Mole, where its re-
lative length about equals that of all the rest of the sternum.

On the other hand, it may be remarkably small and narrow,
as in the Pig and the Horse.

T1G. 75 — STERNUM OF THE P16 (Swus scrofa).
A3, manubrium, or pre-sternum , s, middle part of the sternum, or meso-
sternum ; s, aiphisternum

(Frome Professor Fiower's ** Ostcology ")

Sometimes this part may develop a strong median kcel
for muscular attachment, as in Bats, the Mole, and Armadillos.
This keel, however, does not answer to the keel of Birds,
which belongs to the more post-axial part of the sternum.

The “episternal granules” occasionally present in man are
replaced in some Mammals by considerable horn-like pro-
cesses, as in the Howling Monkeys (M ycetes) and Mice.

The manubrium may be remarkably small when coexisting
with a sternum hypertrophied in other parts, as in Birds.

F
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The middle part of the sternum (mesosternum) may be
much shorter relatively than v man, as is the case in the
Sperm Whale, and it may abort, as just said, in the Dugong.
Generally, however, in Mammals it is large and more per-
manently segiented than in him, and may (as in the Orang)
show to a much later period its median division. The divi-
sion nto two lateral halves (one piece on each side only)
transitorily exists in the Struthious Birds.

Fi6 76 —STrFraUM OF A HowLING MoNKFY (Mycetes).
2, bones representing *‘episternal granules ™

The segments of the mesosternum may send down pro-
cesses together forming a sort of keel, and each furnished
with two articular surfaces for the ribs, as is the-case in the
Tamandua Ant-eater.

The xiphoid cartilage, or its osseous or cartilaginous repre-
sentative, may abort altogether as a distinct part, as in the
Tailed-Batrachians and the Right Whale. It may be long and
pointed, as in the Two-toed Ant-cater, or enlarged and rounded,
as in very many species (e.g. Sorex). 1t may even in Mammals
be enormously produced into two clongated horns, far excced-
ing all the rest of the sternum in size, as in the long-tailed Pan-
%‘olin; and a similar but more reduced form may exist in

izards (e.g. Jguana, Draco (Fig. 78), and still more Szellio).

It is in Birds, however, that the xiphisternum attains its
maximum of size and importance, forming all that part of the
sternum post-axial to the attachment of the ribs. It may
consist of one sheet (as in the Qstrich and Cassowary), or be
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divided into a median and two lateral processes, one on each
side (as in the Apteryx) ; or into a median process and four
lateral ones—there being an internal and external xiphoid
process on each side of thc median one—as in very many
birds (e.g. gallinaceous birds, such as the Fowl and Pheasant),
This median process it is which bears the keel, or the greater
part of the kecl, in Birds.

Fi1G 97 —THORAX OF A GALLINACIOUS BirD

%, keel of entro-sternum , 7z, middle xiphoid process, z, intermediate xiphoid
process , ¢, external xiphoid process , 7, rostrum, ¢, costal process ; &, hypa-
pophysis , @, appendage from nibs, or wncinalte process.

In certain animals (¢.g. the Monotremes) there is a median
ossicle in front of the manubrium, which is often called the
episternum. This really forms part of the appendicular
skeleton, being a portion of the shoulder structure. It will
therefore be noticed under that head. o

35. In possessing RIBS (that is, distinct osseous or cartila-
ginous parts attached at one end to the vertebral column, and
tending to surround the body cavity) man agrecs with the
Immense majority of other Vertebrates. Some, however, as
the Frogs and Toads, have none, nor can any be said to exist
in some of the lowest Fishes, e.¢. the Lamprey and its allies.

In the division of the ribs into two categories, the “true®
and the *false ” ribs, man agrees with all animals which have
ribs at all, except Serpents, Fishes, and Chelonians; Serpents
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having many ribs indeed, Fishes few or many, and Che-
lonians few, but all having no sternum, so that every rib
must be reckoned to be a false rib in them—and this in spite
of their fixity in Tortoises.

In the proportion of true to false ribs man occupies an
intermediate position. Thus the number of true ribs is more
in excess in some other animals than in him, as ¢.¢. in the
Seals, and in Birds; yet the number of false ribs is greatly
in excess in some other animals, especially in the Whalebone
‘Whales, in which there may be but one pair of true ribs.

In the shape of the ribs man is normal, and their length
always exceeds their breadth or thickness. They may, how-
ever, be vastly thicker or more massive than in him, as is
the case in the Manatee, or habitually form thickenings which
but for their constancy would be deemed a diseased condition
(pathological), as in the fish Platax.

They may also greatly exceed the breadth possessed by
man’s, as in the Two-toed Ant-eater, where they overlap one
another ; they may, on the contrary, be less flattened than in
him, as in the Carnivora.

As to the number of pairs of ribs, this has already been

enerally indicated in speaking of the dorsal vertebrz, though
in Birds we may have ribs coming from vertebrze which are
generally counted as “sacral.” There may be as few as five
or six pairs, as in Amphiuma, or the number may reach 320,
as in some Pythons. In man’s class there may be as many
as twenty-four pairs, as in the Two-toed Sloth, or as few as
nine, as in the Hyperoodon.

In the fact that ribs (distinct and articulated) are confined
to the dorsal region, man agrees with most Vertebrates. Such
ribs, however (more or less free and more or less long), may
exist in the cervical region, as we see in the Crocodile and in
many Reptiles; in the so-called “sacral” region, as we see in
Birds; and even in the caudal regions, as we see in Meno-
branchus. Of such ribs, however, enough has been said in
treating of those regions of the spine.

The function of aiding respiration is one which the ribs
possess in the higher Vertebrata, but quite other purposes
may be subserved by them in addition to, or instead of,
respiratory action. Thus certain ribs, by excessive elonga-
tion, may support a flying membrane, as in the Flying Dragon,
or by their sudden erection expand the skin of the neck, as
in the Cobra.

Terrestrial locomotion may also be due to these parts, as in
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Snakes, which glide along by the successive application to the
ground of the edges of ventral horny plates, each plate being
attached to the ends of a pair of
ribs. There being no sternum in
Serpents, all the ribs are, as before
said, “false ;” but all the ribs may
also be false notwithstanding the
presence of a sternum, as in
Tailed-Batrachians.

The ribs may form a solid case
for the protection of all the other
parts. Thus in Tortoises the head
and limbs can be drawn into such
a case (called'the carapace), which
is formed of greatly expanded ribs
joining each other, and also the
expanded neural spines before no-
ticed, by suture (Fig. 57).

In man we find the tloating ribs
float by their anterios ends only,
their hinder ends articulating with Fic. 78 —Rins or taE Fryvine
the vertebrze. The very reverse VZARD (Draco volans).
condition to this may appear to s stemum; x one of the di
obtain, as in the Crocodile, where perga8 Prriches of the Tiphoid
we have ventral rib-like structures mbs.

(towards the hinder end of the ab-

domen), which are attached ventrally, but are free at their
vertebral ends, and thus float in the reverse direction. These,
however, are hardly true ribs, but are ossifications of a more
superficial region.

The presence in the ribs of a distinct “head” and “tubercle,”
as in man, is a very general but not a constant character.
Very often, however, if not always, when therc is but one
articular surface for attachment to the vertebral column,
that surface represents and is equivalent to a “head” and
“tubercle,” as it were, united and fused together ; though in
Monotremes the ribs are attached only to the sides of the
bodies of the vertebrze.

This gradual fusion is well shown in the different vertebrae
of the Crocodile, where, as we proceed post-axially, these two
parts become more and more approximated together.

As in man, so generally, it is at the more pre-axial part of
the series of ribs that this distinction into head and tubercle
is most marked.
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In the Whalebone Whales after the first few ribs the
“heads ” and “ necks ” entirely disappear, the more post-axial
ribs being attached by their ¢ tubercles ” only.

The peculiar proportions of the head and tubercle of the ribs
in man are not universal, but seem to be special modifica-
tions of a more primitive type, such as exists in the Ichthyo-

saurus and in some Tailed-Batrachians.

‘ In them the rib divides at its proxi-

d 5 mal end into two diverging and equal

= .‘_ . processes, the upper of which (answering
"\7\/} to the tubercle of man) articulates with

" the dorsal, or tubercular, transverse pro-

Fic. 79.—VerTEBRA OF  Cess, while the lower (answering to the
AxoLoTL. neck and head of man’s rib) articulates

s, neural spine, , tuber-  with the ventral, or capitular, transverse

cular process suppott- P

ing the dorsal bifarca-  Process. In some other Tailed-Batra-

tionofib, 4, capitular  chians the proximal end of the rib bears

Dol bifaromon o @ double facet, and articulates with a

rib. similarly facctted transverse process,

- which thus evidently answers to an
upper and a lower transverse process united into one.

The relation borne by these articular surfaces to the neuro-
central suturc is not constant. Sometimes, as in man, the
“head” articulates mainly above that suturc ; sometimes, as
in Monotremes, altogether below it.  In Zelthyosaurus
both surfaces are attached altogether below that junction,
while in Plesiosanrus the point of attachment rises as we
proceed backwards.

The class of Fishes shows what abnormalitics are possible
with respect to the modes of attachment of the.nbs, as in
Batrachus they have a more and more dorsal origin, until, at
the anterior end of the body, they are actually attached to
the neural spines !

That double attachment which exists in man between the
proximal end of the rib and fwoe vertebrae is not universal.
Thus in Birds it is only the last rib, or the last but one,
which is attached to the point of junction of two adjacent
vertebral bodics.

The greater breadth of the first rib of man is a character
frequently found in his class and sometimes much exaggerated,
as in the Great Armadillo. Often in Mammals, and in lower
forms generally, it is only of similar breadth to those post-
axial to it.

_ The greater curvature in man of the first rib is a character
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he shares with some animals (¢.¢. Apes and Cetaceans), though
sometimes, as in the Ungulata, it (as well as the second rib)
is almost straight.

Occasionally, as in the Guinea Pig, Rhinoceros, and others,
the first rib bears a little spinous tubercle for the attachment
of the scalenus muscle. ’

The ribs may consist not only of two parts, as in man, but
may have a third part intercalated between each vertebral
rib and its sternal cartilage or rib, as in the Monotremes,
Crocodiles, and many Lizards.

The vertebral rib may give off (Fig. 77, @) a post-axially
projecting process (called wncinate), which may ossify as a
distinct bone, as is the case in most Birds and in the Crocodile.

The sternal ribs may be cartilaginous or they may be
completely osseous. The latter, ¢, is the case in Birds and
the Armadillos.

In shape they may differ much from man’s, expanding
greatly, as is the case in the Great Armadillo and the
Monotremes. Each sternal rib may be set at a very marked
angle with its vertebral rib, as in Birds, mstead of more or
less continuing its curve, as in man.

Some of the sternal ribs may pass into each other (on the
ventral aspect of the body) directly without the mtervention
of a sternum, or run right mnto the substance of the sternum,
as is the case with the more post-axial ribs of Chameleons and
some other Lizards.

The sternal ribs may even slightly bifurcate at their ends,
as in the Tamandua.

Bony sternal ribs may have, at their dorsal ends, synovial
articulations with the vertebral ribs, and also synovial articu-
lations with the sternum at their ventral ends, as in Birds.

[ =N
" | =%

F16 80 —LATERAL VIEW OF SINTH VERTI'BRA OF SALAMANDRA

¢, tubercular process , ¢, capitular process—the two suppoiting a rib which
1fut cates at its free, distal end.

The ribs may consist of single bones only, without any
division into vertebral and sternal portions, as in Fiehes and
Batrachians. Ribs may also bifurcate distally, as in some of
the two last-mentioned classes (e.g. Salamandra) ; and lastly,
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there may be two distinct series of ribs on each side of the
body, one series being dorsally situate with regard to the
other, This condition is found in many Fishes, as ¢.g. the |
Tunny and Polypterus, and in the latter some vertebree have
four ribs on each side springing from the doubled transverse
process before noticed (Fig. 52).

36. That mode of DEVELOPMENT of the vertebral column
which we have scen to take place in man, takes place also,
broadly speaking, in all Vertebrates; only the process is
arrested at different stages in different forms. Thus the
notochord may, as we have seen, persist, or the ossification
of the vertebrae break off at various stages, leaving a great
deal or only a rudiment of the notochord persisting.

The process of consolidation and union may proceed only
so far as to leave transverse processes distinct, ¢.¢. the Carp,
or neurapophyses in two or four pieces, and separate from the
neural spines, as before noted.

Finally, not only may vertebra be found denser than those
of man, as the vertebre of Serpents, but coalescence may
extend to adjacent vertebraz in the several ways already
described.

Our survey shows us that the backbone alone, without the
help of any limb, may serve as an organ for creeping over
the ground or swimming through water, for climbing trees,
for crushing prey as in the Boa Constrictor, and even as a
hand to present food to the mouth as also in the Boa, or to
grasp and bring near small detached objects, as is done by
the tail of the Spider Monkey.

F16. 81 —SkELRTON OF HEAD AND GILIS OF LAMPREY.

4, cartilaginous basket ; #, neural laminz. (For the parts of the skull sec
Lesson 111)

An exceptional structure which probably belongs to the same
skeletal category as the ribs-and sternum may here be
mentioned. This is the cartilaginous “basket” which supports
the gills in the Lamprey. It consists of arcs of cartilage
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which descend (the spine being horizontal) on each side from
the soft representative of the backbone, and are connected by
transverse bars extending in the direction of the spine.
The hindermost (most post-axial) ventral part of this basket
supports the heart.

Fiu. 82 —STERNUM o COMMON MOLE (Talpa curopea).

s, manubrium , 725, mesosternum , xs, xiphisternum . ¢, pomt of attachment of
the clavicle

(From Professor Flower's *“ Osteology ")

In some Sharks there are similar cartilaginous arcs (though
much less developed) supporting the external borders of the
partitions between the gills,
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LESSON IIL
THE SKELETON OF THE HEAD.

1. THE remaining part of the axial endoskelcton is the
skeleton of the head, familiarly known as THE SKULL.

This large rounded bony case for the brain is also the seat
of the organs of sense, and forms one coherent mass, except
the lower jaw, which in the dry skull readily falls away from
the rest.

Neglecting for the present this lower jaw—or, as it is called
in zootomy, mandible—the rest of the skull is rounded behind
and above, and more or less flattened in front, below, and
at the sides.  Belund and above, it presents a pretty smooth
and even surface, crossed by those undulating, interdigitating
lines of bony union spoken of n the last Lesson as sufures,

When sections are made it is seen that the rounded portion
forms the roof and lunder boundary of the great cavity
in which is lodged the brain, and that irregular bony promi-
nences are placed below the front part of that cavity. The
skull then may be roughly divided into— .

(r) The brain-case, skull proper, or Calvarium.*

(2) The skeleton of the face.

Certain conspicuous openings and prominences occur in
different regions.

The projecting part of the back of the head is termed the
occiput, and beneath it is a large hole, looking downwards,
termed the occipital foramen. On each side of the front part
of this hole is a rounded projection, and these projections,
termed occipital condyles, articulate with the cup-shaped
hollows on the upper side of the atlas vertebra (see Fig. 89g).

Thus the margins of this foramen coincide with the neural
arch of the atlas vertebra, and the interior of the skuil forms
the expanded summit of the vertcbral neural canal; indeed

1 From calva, the skull,
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the brain and spinal marrow are connected and become
continuous through this occipital foramen.

If the skull be turned base upwards, a strong bluntly
ponted prominence will be seen to project from each outer
margin on a line passing from right to left through thé.occi-

pital condyles. The prominence is called, from its shape, the
mastoid * process.

F1, 83 —Side view of Man's Skull—the lower jaw being slightly removed, and
the line of ligamentous attachment of the hyoid represented by a dotted line

a, greater wing of the sphenoid bone ; ax, opening of external auditory meatus ,
bk, body of the hyoid, ¢, an occipital condyle , ¢', cornculum of hyod ; ¢7,
coronoid process ; ¢y, condyle of the lower jaw, £ frontal bone: s, malar,
Z, lachrymal ; », mastoid process; mr.r, maxillary bone, #, nasal bone , o,
occ1lpltal bone ; g, parietal, g4, internal pterygowd process; s, squamous part

of the temporal bone, s#, styluid process (connected by a dotted line with

cormculum of hyoid) ; #y, greater cornu of hyoud, z, zygomatic process of
temporal bone.

The under surface of the face (formed by the bones of the
roof of the mouth) lies at a different level from that of the
base of the skull proper. Connecting these two surfaces
there are on each side a pair of vertical bony plates termed

2 From pdorog, a nipple.
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ale, or wings, and between the two pairs are a pair of large
openings separated by a median partition and directed back-
wards. These openings are the hinder nostrils, or posterior.
nares. At each side of the skull, behind the orbit, is to be
seen an arch of bone—a sort of flying buttress connecting
the skull and face together, and termed the zygoma.’

Fic 84. - FronT ViEW OK RIGHT HALF OF MAN'S SKULL.

a, the greater wing of the sphenoid, which also appears in the orbit on the oxter
side of the opemng marked (2) ; /, frontal; », malar ; s, mastoid process
me, median part of the ethmoid dividing the nasal fossa vertically in the
middle line, », nasals; o, lesser wing of sphenoid bounding the openin
marked (2) on the Znner side; p, panetal; s, squamous part of temporal
bone ; 1, optic foramen ; 2, sphenoidal fissure ; 3, infra-orbital foramen.

‘When the skull is looked at in front, we see beneath the
forehead two conical sockets for the eyes, termed the oréits,
and between them the bony prominence of the nose, beneath
which is a large aperture medianly divided by a vertical
partition and forming the front nostrils, or anterior nares.

Beneath the outer and lower angle of each orbit the bony
projection of the cheek is noticeable, termed the malar? pro-
minence; and the skull is bounded below (the mandible being
removed) by the free border which gives attachment to the
teeth, and is termed a/veolar, because the teeth are lodged in

1 From {iqywpa, a bar.
2 From mala, the cheek-bone.
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spe‘i?a&li bony sockets to which the name alveoli has been

applied.

. R hen the skull is viewed in profile the sharp bony projec-
tion of the nose is seen in front and the round prominence
of the occiput behind, while from the malar prominence the
zygoma extends backwards to above the mastoid process—
enclosing a fossa (in which is placed a muscle called the
“ temporal”) and having beneath its hinder end a noticeable
aperture which is the cxternal bony opening of the ear. A
ridge also runs upwards from the malar prominence and
forms the external margin of the bony orbit.

The skull is said to be divided into certain »egions. Thus
we have the base or édasé/ar region, and opposite to it the
vertex, sinciput, or sizcipital region ; we have the region
of the forehead or fronfal region, and oppositc to it that of
the back of the head or the occipital region.

At the side of the head we have posteriorly and above, the
parietal* region ; beneath this and within the arch of the
zygoma, the Zemporal region (to which is attached the tem-
poral muscle before referred to), separated from the orbital
region by the outer, hinder bony wall of the orbit.

The skull is made up of different bones of very different
sizes and shapes. When it is looked at from above, a trans-
verse zigzag line of union is seen to run across behind the
forchead. This is called the coronal suture.?

Running directly backward from this, for some distance
along the middle line of the vertex, is another suture, termed
sagittal, and it ends behind by joining a wide V-shaped
suture with the apex upwards, which is called /ambdoidal. 3

Turning now to the lower jaw, this when attached to the
skull is seen to fit, by a rounded head, into a shallow cavity
placed on each side in front of the external auditory opening,
and termed the glenoid 4 surface.

The number of bones forming the skull decreases, with
age, by anchylosis. In its mature condition the skull of man
consists of the following bones, which it will be well to notice
scparately :—

_ 2. The ocCIPITAL bone is of course that of the occiput,and
1t surrounds the great occipital foramen (or foramen mag-
num). Naturally (when the bones of the skull are separated

I From paries, a wall.

? Because it is somewhere near the part where a crown or garland would be
placed. 3 From its being like the Greek lettex A.

4 From yAfvn, a socket
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at their sutures) it comes away in one piece with a very large
and irregularly shaped bone, the “ sphenoid,” with which it is
connected by a solid bony isthmus (forming the middle of
the base of the skull), which isthmus has to be sawn across
in order to detach the occipital bone for the purpose of
anatomical study. Above the occipital foramen the occipital
bone forms an expanded plate (the sgwama), marked exteriorly
by transversely extended “ curved lines.”

Fi6 85.—OUTER SURFACE OF MaN’s OccrriTAL Bone,

&0, basilar part or body of the bone which unmtes with the body of the sphenoid ;
¢, one of the two condyles , /, superior curved line, 7, inferior curved hne ;
2, one of the jugular emunences ; so, the squama, or expanded upper part
of the occipital ; 1, condyloid foramen, /me, foramen magnum.

The “condyles,” before noticed, are attached to this bone,
and external to cach is a slight roughened process called the
“jugular” eminence, because 1t borders that aperture of the
skull through which the jugular vein comes out. Behind
each condyle is a small hole, or foramen, which allows the
hypoglossal* figrve to pass out from the brain,

The occipital unites, as has becn said, with the sphenoid in
front. Above this junction it articulates on each side with
the bone from which springs the mastoid process and zygoma,

% For this and other nerves see Lesson VIII,
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and which is called the temporal bone. Above the mastoid
it articulates on each side with one of the two great plate-
bones which roof the skull at the top and sides, and which
* are called the parictals.

In a new-born child the occipital bone consists of four
parts : (1), 2 median piece in front of the foramen magnum,
and which, as contributing to form the basc of the skull, is
called “Dbasilar;” (2 and 3), two “lateral” pieces, one on
cach side of the foramen magnum, each supporting a con-
dyle, and pierced for the hypoglossal nerve; (4), a large
median plate placed above the foramen magnum, and there-
fore called a “ supra-occipital” and which shows traces of its
origin from more than one centre of ossification.

3. The PARIETAL bone is very large, and is connccted
with its fellow of the opposite side by the sagittal suture, with
the occipital bchind by the lambdoidal suture, anteriorly
with the frontal by the coronal suture, and below with the
temporal bone by a suture which is called squamous,
because the margins of the bones it joins are so bevelled
off that the temporal lies on the parietal like a scale.

The parietal arises from but one centre of ossification,

4. The remaining bone of the skull-roof is the FRONTAL,
which, single in the adult, is at birth divided inte two parts
by a linc of separation which continues onwards the median
scparation between the contiguous parietals.

The anterior end of this bone is, as it were, bent sharply
backwards on each side to form two plates which roof the
bony orbits, while between these plates a space is left filled up
naturally by the bone forming the summit of the nasal cavity,
and called the ethmoid. Above the margins of each orbit are
slight transverse curved prominences, called the superciliary
and supra-orbital ridges, while cach margin itself runs out into
what is named the external angular process, at each outer
inferior angle of the frontal bone, and joins the bone of the
cheek, or malar. Besides the unions just mentioned, the
frontal unites with bones to be hereafter described, namely
the sphenoid, nasals, lachrymals, and maxillaries,

5. On each side of the skull we find an exceedingly com-
plex bone called the TEMPORAL, (Sec Figs. 83, 89, 9o, and 91.)

Part of it, as alrcady mentioned, articulates with the
parietal by a squamous suture, and it is this part which forms
the hinder part of the zygoma and the articular “glenoid ”
surfacc for the lower jaw. .

A portion of bone which bounds the external opening of the
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ear below, is continued inwards as a tube having on its under
surface a rough ridge. On account of its connexion with the
drum of the ear it is called * tympanic,” and forms the floor
of the passage leading into the internal ear or meatus audi-
torius externus. Between it and the glenoid surface is a
narrow slit or fissure, called the fissura Glaseri (which trans-
mits the ckorda tympani nerve), while behind it hangs down
a long, very slender process, termed “styloid,” posterior to
and outside the root of which is the stylo-mastoid foramen,
which transmits the facial nerve.

The rest of the bone consists of two parts, namely, (1) the
mastoid process already referred to, and (2) an irregularly
shaped piece (which on account of its hardness is called
the petrous® bone) projecting inwards like a wedge on the base
of the skull, between the occipital and the sphenocid. In
addition to the connexions already noted, the temporal joins
the malar by means of its zygomatic process.

The petrous and mastoid portions enclose the inner and
essential parts of the ear, the internal canal of which (called
meatus auditorius internus) opens on the inner surface of the
ﬁetrqus, wedgelike piece, and gives entrance to the nerve of

earing.

Towgrds the apex of the wedgelike projection is seen a
large aperture which is one end of a canal, the other end of
which opens on the under surface within and in front of the
styloid process. This is the canal for the internal carotid
artery, which thus takes its way right through the petrous

rtion of the temporal bone. Internal to its anterior open-
ing and at the angle formed by the junction of the petrous
part of the temporal bone with its squamous part, arc two
small openings placed one above the other. These are the
apertures of two tubes (which run backwards, parallel and
apposed like the barrels of a double-barrel gun, in the sub-
stance of the bonc), the lower of which is the Eustachian
tube, and conveys air from the mouth to the internal car. The
upper tube gives passage to the small tensor tympani muscle.
A sharp ridge runs inwards and forwards from the root of
the styloid process. This ridge is termed the vagina/ process.

The temporal bone arises by very distinct and significant
ossifications.

Thus we have (1) the squamous and zygomatic portions
forming one element; (2) the tympanic portion, which is at
first a mere delicate ting of bonc ; (3) the styloid process,

¥ From wérpog, a stone,
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which is at birth separate from a little cylindrical piece of
bone which afterwards forms its root, and which is called
the tympano-hyal
* DBesides these three elements, three other distinct ossifica-
tions extend and coalesce to form the petrous and mastoid
portions of the temporal bone, and arc distinguished by their
diverse relations to parts of the internal organ of hearing.
Continuing our cnumeration, we have (4) an ossification which
ives rise to the upper part of the petrous portion (that which
is visible on the inside of the skull) and to part of the mastoid.
It forms the upper margin of what will hereafter be noticed
as the fenestra ovalis® of the internal ear, and is especially
related to the anterior vertical semicircular canal. It is called
the pro-otic3 (5) One which gives rise to the lower part of
the petrous portion (that which is visible on the base of the
skull) and forms the carotid canal. It also forms the lower
part of the fenestra owalis, and surrounds entircly what 1s
termed the fenestra rotunda. 1t is called the opisthotic
(6) One which gives rise to the mastoid process, and which
is developed upon the posterior part, and what we shall here-
after know as the posterior vertical semicircular canal of the
internal ear. It is called the ¢peotics The mastoid process
is not prominent at birth,

6. The SPHENOID ¢ is a very complex bone, and has been
likened to a creature with a small body, two pairs of wings,
and two legs.

The central part, or body (which is anchylosed with the
basilar part of the occipital), has on its upper surfacc a
deepish pit, called the sella furcica or pituitary fossa, because
it reccives the pituitary body of the brain. It is bounded
behind by a vertical plate, termed “chinoid,”? from the
summit of which projects on cach side a * clinoid process.”

From each side of thc body there projects upwards, out-
wards, and forwards a large more or less triangular plate,
called the greater a/a, or wing of the sphenoid, which also
sends a lamellar process downwards, At the root of the
wing arc three holes. The innermost and smallest—the
vidian—transmits the vidian nerve. Above and external to

! Discovered and named by Professor Flower (“‘ Osteology,” p. 123,. Every
‘iom: connected with the tongue-bone, or hyoid, has the term Ayal as a part of
Its name

2 Tt has also been noticed in the Eighth Lesson of ‘‘ Elementary Physiology.’

3 1po, before, and obg, drég, the ear,

"Omirte, behind, 5 ' Ew{, above
¢ So called from og¢iv, a wedge, and eldog, like. 7 From kAivn, a bed.
G
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this is the foramen rotundum, through which passes the

second branch of the fifth nerve. Behind this is a larger

foramen (termed from its shape foramen ovale), which gives

exit to the third branch of the fifth nerve. On each side of -
the sella turcica, at its hinder part, is a groove for the carotid

artery. ‘This groove is bounded in front and externally by a

small tapering piece of bone which is called the Zingula

sphenoidalis, and which is situated betwecen the body of the

bone and the greater ala.

FiG. 86 —MAN's SPHENOID BONE SEEN FROM ABOVE.

a, its greater wing—the lower letter a ponts to that downwad continuation of
the great wing which 1y called the external %terygm(l process , bs, 1ts body—~
showing a cut surface behind, where 1t has been separated from the occipital
bone, Zc, the chnoid plate, bounding the pituitary fossa behind, ps, the
anterior, or pre sphenmdal part of the body of the bone, o, lesser or orbital
wing ; 2, internal pterygoid process . 1, optic foramen ; 2, sphenmdal fissure ,
3, foramen rotundum , 4, foramen ovale . s, groove for the carotid artery.

The greater ala passes up between the squarhosal and the
frontal to the parictal bone, and forms the anterior pait of the
temporal fossa and the hinder, outer part of the bony orbit.

The downwardly extending plate is called the external
pterygoid * process. The mternal pterygoid process is more
slender, terminating below in a hooked-like, or hamular, pro-
cess.  The two internal pterygoid processes form what have
been fancifully called the legs of the sphenoid.  Between the

.internal and external pterygoid process of cach side is a space
%alled the pterygoid fossa, which is closed behind by a palate
one.

From the anterior part of the body the much smaller wings
called “orbital” project outwards, onc on each side, The

! From mrépuf, a wing
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base of each is perforated by the foramen, which transmits
the optic nerve ; behind the foramen projects backwards a
small “anterior clinoid process.”

Each orbital wing forms the hindermost and innermost
part of the roof of the orbit.

The greater ala and the orbital wing of each side are
separated by a long but narrow space, termed the sphenoidal
fissure. This transmits the third, fourth, and sixth nerves and
the first branch of the fifth nerve. In addition to the junc-
tions alrcady noted, each ala unites with the malar bone of
its own side, and the body of the sphenoid is in contact with
a bone, the vomer, hereafter to be noticed.

At an early period the sphenoid bone may be said to be
made up of ten parts: (1) the bulk of the body; (2) the
anterior part of the body, or pre-sphenowdal part; (3 and 4)
a pair of great wings and external pterygoid processes, or
two alisphenoidal parts; (5 and 6) a pair of lesser wings, or
orbito-sphenoidal parts; (7 and 8) the pair of internal ptery-
goid processes, or proper pterygoid bones; and (9 and 10)
the lingul@e sphenoidales.

7. The ETHMOID,! or sieve-like bone, 1s of singular dcli-
cacy of structure and complexity of
shape. It s placed between the skull
proper and the face, hangimmg down
between the orbits. It consists of a
transverse cribriform  plate and  of
three vertical portions. The cribriform
plate is so called from its sicvelike
condition (being perforated with nu-
mcrous small holes for the nerves of
smell) ; 1t extends between the orbital
plates of the frontal and the three
vertical portions.  ‘The first of these .o Cricta galh, rising verti-
three is median, and 1ts summit, called  cally above the honzontal
crista_galli, projects a little upwards ~ Syrface of the cnbnforty
into the cranial cavity, while the main  the ecthmoid , e, median
part is below the cribriform plate, and ~ ethmod.
forms the upper and front part of the
partition between the nares, whence it is termed the “ median
ethnioid.”

The two other parts hang down from the under surface of
the cribriform plate, and cach is termed a */ateral ethmoid.”
The outer surface of each of these is smooth, and appears

t From i,6udg, a sieve.

M G 2

Fic 87.—Man's E1umoin
ONF.
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in the inner wall of the orbit as what is called the os planum,
which is bounded above by the frontal, behind by the sphe-
noid, in front by the lachrymal, and below by the maxilla.
The inner surface is swollen and irregular. That part of it
immediately below the cribriform plate is called the upper
spongy bone, or superior turbinate, or turbinal,® the part
below being termed the middle turbinate.

Besides the junctions already noted, the ethmoid unites
with the sphenoid behind, and with the nasals, vomer, lachry-
mals, palatincs, and lower turbinate bones (or turbinals).

8. The MAXILLARY bone supports on each side the tecth
of the upper jaw, and forms the bulk of that jaw, and con-
tributes to form the cheek, the orbit, the nasal passage, and
the palate. The two maxillary bones meet in the middle
line below the anterior nares, where cach projects as a
sharp process—the anterior nasal spine. Each sends up a
prolongation (the zasal process) to the frontal, bounding the
mner side of the orbit anteriorly, and having at its hinder
side a lachrymal bone, and on its anterior side a nasal bone.
Its hinder surface exhibits a vertical groove. On the opposite
or external side the maxillary
bone sends a process outwards,
which joins tge malar, and is
called the malar process. Above,
the bone exhibits a smooth hori-
zontal surface (the orbital plate),
which forms the floor of the
orbit. In front the bone has a
concavity, termed the canine
Jossa, between which and the
lower margin of the orbit is a

i, 88 —FRONT VIEW OF THE
RIGHT ORBIT OF MAN

o, greater wing of the sphenoid ; which transmits the second
'/ frontal bone, ¢, lachrymal; Dranch of the fifth nerve.
le, ot aplanul’n ; 1g;arlnalm X ‘:l)t;:“.: From Wlthit’g the alveqlar bor-
:’?);"\‘tlne;y, 'z, ls'pl:‘enm(ial ‘fissgre; der cach maxilla sc_nds.m'w?.rds
3, infra-orbital foramen. aﬁalﬂtme plate, which is _lOInCd
by the palate bone posteriorly,
but which internally meets its fellow of the opposite side,
except where the opening of the anterior palatine canal
separates them.
In the body of the bone is a large cavity called the Cave
of Highmore, or the Antrum Highmori.

! So called from being curved like a turbinated shell.
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Besides the articulations mentioned, the maxilla joins with
the ethmoid, the vomer, and the inferior turbinal.

At birth there may be a suture on the palatine surface of

" the bone, separating off that small front part in which the
incisor teeth are afterwards implanted.

9. The MALAR bone 1s irregularly triangular in shape. It
forms the outer wall of the bony orbit, and connects the
zygomatic process of the squamous part of the temporal
bone with the maxilla. It joins above with the external
angular process of the frontal, and posteriorly with the great
ala of the sphenoid.

The NASALS are small bones placed side by side above the
nares, joining the frontal above, and separating the nasal
processes of the two maxillary bones one from the other.

The LACHRYMALS arc simall bones, one of which is placed
at the anterior part of the mnner wall of each orbit, having
the frontal above, the os planum of the ethmoid behind, the
nasal process of the maxilla in front, and the orbital plate of
the same bone below. Each is marked with a vertical groove,
which, by joining the similarly directed groove (before spoken
of) on the posterior side of the maxillary nasal process, forms
a canal leading from the orbit to the nasal cavity, and termed
lachrymal because the tears pass down it.

10. The palate bones, or PALATINES, are very irregular in
shape, and wedged in between the maxilla and the pterygod
processes of the sphenoid. Each consists of a long vertical
plate, from the bottom of which a smaller horizontal plate
projects inwards, meeting its fellow of the opposite side m the
middle line, and completing the palate behind the maxilla.
The palatine contributes to separate the nasal fossa from the
mouth, and extends up into the orbit, where it appears at the
back part of its inner wall beheath the os planum, separating
the sphenoid from the maxilla, and helping to bound the
spheno-palatine foramen. lts outer side is grooved vertically,
the groove forming, with the help of the maxilla, the posterior
palatine canal. lts posterior surface is interposcd between
the external and internal pterygoid processes of either side,
thus completing the pterygoid fossa in front. The palatine
articulates also with the vomer and inferior turbinal.

11. The VOMER® is a single median bone extending down
from the sphenoid and median ethmoid to the upper surface
of the bony palate, thus completing the median partition
between the nostrils. Its hinder margin marks the partition

* I.e. ploughshare, so called from its shape.,
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spoken of alrcady as medianly dividing the posterior nasal
openings. In the infant this bone consists of two lateral
portions.

The inferior turbinate bones, or Zowes? TURBINALS, extend
(one on each side) fiom before backwards along the nasal
fossae, attached, though but slightly, to the inner side of the
maxillary and palatine bones.

12. The only naturally separated bone of the skull in the
adult, namely the lower jawbone, or MANDIBLE, consists ot
a curved osseous band, almost of the same depth through-
out, and convex forwards. It has a smooth rounded inferior
edge, but its upper edge is festooned by unequal cavities,
forming sockets for the teeth, whence this upper border
is termed “alveolar.” The whole band is termed the body
of the mandible; a vertical line at its middle in front is
called the symphysis,' and each half of the body external to
this line is called the Lorizontal ramus (or branch). At its
hinder end each horizontal ramus turns suddenly upwards at
a slightly obtuse angle, and terminates above in two processes,
the front one of which is pointed and is called the * coronoid
process)” while the hinder one ends in a rounded head, “the
condyle,” mounted on a narrower part termed the “neck.”

This nearly vertical part on each side is called the ascend-
ing ramus, and the pont where its posterior margin meets
the inferior margin of the horizontal ramus is named the
“angle” (Fig. 83.)

The condyle 1s wider than it is long, and fits into the glenoid
cavity of the squamous part of the temporal bone. An inter-
articular fibro-cartilage (with one synovial sac above it and
one below it) is interposed between thc two bones, and the
ascending ramus is also attached to the skull by strong
ligaments.

The coronoid process rises nearly as high as the condyle,
and has inserted into it the temporal muscle which adheres,
at its origin, to the side of the skull within the arch of the
zygoma.

On the inner side of the ascending ramus is a foramen,
called the snferior dental, and another, the mental foramen,
is placed, more forwards, on the outer side of the horizontal
ramus.

The symphysis is concave vertically in front, the lower
b;‘)rdcz- of the mandible projecting at the symphysis to form
the chin.

¥ From ovuguui, to grow together.
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At birth the bone consists of two parts, which are separated
at the symphysis, and at first the ascending ramus slants
much backwards, but gradually rises till it is nearly vertical

*in the adult.

13. Another bone, often not reckoned as part of the skull,
is the os hyoides (so named from its resemblance to the
Greek letter v), which is placed beneath the root of the
tongue.! It consists of a “body” with a pair of processes
on each side, one large (the great cornug) and one small
(the lesser cornu, or corniculum). The dody is transversely
oblong, hollowed behind, convex in front, and narrow from
before backwards. It is called the dasi-Ayal.

The great cornua extend backwards from the lower outer
angle of this “ body ;” they are rather long and nearly straight,
and though at first distinct bones, become anchylosed to the
basi-hyal. Each is also termed a #&yro-Lyal.?

The lesser cornua, or cornicula, arise from the upper
aspect of the “body” at its junction with the greater cornua,
and each corniculum (or, as 1t is also called, cerato-kyal)s is
attached to this “body ” by a synovial sac, though sometimes
by bony union. Each corniculum is short and conical, and
united by a ligament to the styloid process of the temporal
bone.

14. Considering now the OUTSIDE OF THE SKULL as a
whole, we find on its base in front the alveolar margin,—
forming a graceful curve, and surrounding the bony palate
(with its palatine foramina), which extends a little further
back than the tceth, and ends in the posterior frec margin
of the palatine bones. .

Behind the palate are the posterior nares, on’each outer
side of which is a pterygoid fossa, bounded as before de-
scribed. In the muiddlc of the basis cranit is the basilar part
of the occipital bone, behind it the foramen magnum, con-
dyles, and condyloid foramina.

On each side is the petrous part of the temporal bone, with
its styloid and vaginal processes and its carotid and stylo-
mastoid foramina.

Between the front end of the petrous bone and the basi-
occipital is, in the dry skull, an opening called the foramen
lacerum anterius.,

Between the hinder part of the petrous bone and the lateral

! For its more precise relations see Lesson XII : the Larynx.

2 From 1ts being placed close to the thyroid cartilage of the larynx.
3 Kepag, a horn.
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part of the occipital, is an opening named the foramen
lacerum posterins, which transmits, besides the jugular vein,

F16. 89 —OvuTer View or UNDER SUrRFACE o¥ THR RiGHT SIDE oF
MaN's SKULL,

&0, body of the occipital bone ; ¢, occipital condyle: ¢, anterior end of Fusta-
chian tube (between ¢, 5, and the vacuity behind 3, is the petrous part of the
temporal bone—somewhat tmangular in shape, with its apex forwards); g,
glenoid surface of the temporal bone : 772, mastoid process ; #, posterior nares;
2t, pterygoid fossa ; so, squama of the occipital bone , s#, styloid process ; z,
zygomatic malar bone, joimng zygomatic process of temporal bone ; 1, anterior
Faatmc foramen ; 2, posterior palatine foramen: 3, points in front of the

oramen lacerum anterius ; 4, foramen ovale ; 5, carotid canal ; 6, stylo-mastoid
foramen ; 7, foramen lacerum posterius,

the glosso-pharyngeal, par vagium, and spinal accessory
nerves.
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Between the outer side of the pctrous bone and the adja-
cent margin of the ala of the sphenoid is a groove for the
reception of the Eustachian tube.

Behind the foramen magnum is the great occipital expanse.

On each side of the base of the skull we find the zygoma
(arching but little outwards), the glenoid surface, the external
auditory meatus, and the mastoid process.

Looking at the side of thc skull, we sce a fissure not yct
noticed. This is the plerygo-maxillary, which runs up {e-
tween the posterior border of the maxilla and the adjacent
pterygoid process. At its summit it meets the inner end
of another fissure, namely the spieno-maxillary, which runs
forwards and outwards between thc inferior margin of the
great ala of the sphenoid and the upper part of the maxilla.

These two fissures by their junction form an angular
depression called the spheno-maxillary fossa, and into it
open the foramen rotundum, the vidian and spheno-pala-
tine foramina, and the upper end of the posterior palatine
canal.

15. In the INSIDE OF THE SKULL, as seen from above
when a horizontal section is made and its top removed, we
note the following structures. In the middle, in front, the
crista galli and cribriform plate, bounded on each side by the
orbital plates of the frontal (which are but shghtly convex),
and behind by the anterior part of the sphenoid and orbital
wings, each pierced at its base by the optic foramen, and
having a sharp J)osterior margin marking off the hinder limit
of what is called the anferior fossa of the skull,

The middle fossa includes, in its centre, the basilar part
of the sphenoid (with the pituitary fossa and posterior clinoid
process), and on each side, the great ala of the sphenoid
(pierced towards its root by the round and oval foramina,
and leaving the sphenoidal fissure between it and the orbital
wing), the squamous part of the temporal bone, and the an-
terior part of its petrous portion—at the inner end of which is
secn the anterior end of the carotid canal opening immedi-
ately above the foramen lacerum medius.

A ridge running forwards and inwards along the petrous
bone defines its anterior part from its posterior, and at the
same time the anterior margin of the posterior fossa of the
skull. This ridge has attached to it a membrane called
the Zentorium, which divides the cerebellum from the cerebral
part of the brain, The posterior fossa includes the hinder
part of the petrous bone with its internal auditory meatus,
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the foramen lacerum posterius and condyloid foramen, and, in
the middle, the foramen magnum and basi-occipital.

Fi16 go.—A ViEw oF THE Urper, or CEREBRAL, SURFACE oF LEFT SIDE oF
MAN's SKULL.

a, greater wing of the sphenoid ; 4o, base of the occipital ; ¢, cribriform plate;
J, orbital plate of frontal ; g, crista galli, o, lesser or orbital wing of the sphe-
noid ; g, pituitary fossa , pa, parietal ; so, squama of occipital ; s¢, squamous
Fart of temporal bone, 3, foramen lacerum anterius ; 4, foramen ovale ; 6,
oramen lacerum posterius ; 7, meatus auditorius internus—in the petrous part

of the temporal bone.

The removed cap of the skull is smooth within, showing
sundry slight depressions, and amongst them a longitudinal
median groove, to which is attached the membrane called the
Jalx, which extends back from the crista galli and dips in
between the two upper halves of the brain,
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When the skull is divided vertically and in the direction
of the sagittal suture, we may note the vast size of the brain
cavity in proportion to the face; also the horizontal con-
“dition of the cribriform platc and foramen magnum, and the
advanced position of the latter approaching the middle line
from behind forwards.

The basilar parts of the occipital and sphenoid bones are
seen to become rapidly thicker as we go forwards ; they form

F1G. gr. = VERricaL, LONGITUDINAL SECTION OF MAN'S SKULL

a, greater wing of the sphenoid ; a», meatus auditorius nternus ; &o, body of the
occipital hone ; 4s, hady of the sphenowd ; ¢, condyle ; ¢, crista galli; ¢y, con-
dyloid foramen ; /, frontal; sze, median ethimnoid’; »2x, palatine plate of the
maxillary ; #, nasal; ¢, squama of the occipital bone ; 8, parietal ; A/, palatine
bone; 47, internal pterygoid process; s, frontal smus; sg, squamous part of
temporal bonc (beneath it 15 the petrous part of that bone, with the opening
au); ¢, low:st turbinal bone; @, vomer The straight line passing upwards
and forwards from the hinder end of the hody of the occipital bone, represents
the basiwranial axts  The hne passing downwards to the front of the jaw,
represents the bas: facial aais.

the true axis of the skull, and a line drawn from the anterior
margin of the foramen magnum to the front end of the
middle dpa.rt of the upper (or cerebral) surface of the sphenoid
is called the dasi-cranial axis. A line drawn from the same
point of the sphenoid platc to the front part of the alveolar
margin of the maxilla is the dasi-facial axis, and the two
axes in man form an angle which varies from go° to 120°
The basi-cranial axis forms with the foramen magnum a
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very ohtuse angle, while with the cribriform plate it forms an
obtuse one, open downwards and forwards.

The extreme length of the cranial cavity is always more
than 2] times that of the basi-cramial axis, while it may be
nearly 2§ times the length of the latter.

The half of the lower jaw forms an arc joining the skull
above directly at the glenoid surface.

The half of the hyoid bone forms a much smaller arc
behind the former, and joined to the skull indirectly, namely
by the ligament which suspends it by the corniculum from
the styloid process.

When the skull is divided vertically through the external
auditory meati, 1.e. transversely, or in the direction of the
coronal suture, we see that the basilar part of the occipital
forms as it were a centre.

The anterior part of the section shows the great cranial
arch rising above this centre and closed 1n front, while below
it is the arch of the lower jaw, and further forward the arch
of the upper jaw, enclosing the double tube of the nostrils
which extends from the anterior to the posterior nares.

The posterior part of the section shows us the hinder part
of the great cranial arch nising above the centre and closed
behind, while below it is the arch of the hyoid and its liga-
ments, reaching up to the styloid processes.

16. As to the CAVITIES OF THE SKULL : the orbits in man
are pyramidal cavities completely encircled by bone, and
each so separated off from the temporal fossa behind it,
by the malar and alisphenoid, that the elongated spheno-
maxillary fissure is the only opening left.

At the back are the optic and round foramina, and between
them the sphenoidal fissure, the vidian foramen being hidden
from view.

Within the anterior margin on the inner wall of each orbit
is the lachrymal foramen.

The two orbits are separated from each other in part by the
cranial cavity (above the cribriform plate), and in part by the
nasal cavity (below the cribriform plate).

The nasal fosse, extending backwards above the palate
from the anterior to the posterior nares, and enclosed be-
tween the maxillee, are separated from each other by the
median, ethmoid, and vomer, and in front of these by carti-
lage. The three turbinals project inwards from the outer
wall of each fossa, and beneath the lowest the inferior ter-
mination of the lachrymal canal opens.
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In the substance of the frontal bone, just above the nasals,
are, almost always, certain cavities filled with air, called the
[frontal sinuses. These communicate with the nasal fossa
“below, through the middle turbinals.

The body of the sphenoid and the maxille also contain
large air-holding cavities, termed the sphenoidal and max-
¢llary sinuses, and opening respectively bencath the upper
and middle turbinals into the nasal fossz.

17. In DEVELOPMENT the first appearance of the future
skull is indicated by the expansion of the anterior end of
the primitive groove before spoken of.

Fic 92 —DIAGRAM OF THE FORMATION OF THE SKULL, SEEN FROM ABOVE,

1.0, the plate of cartilage representing the future body of the occipital bone ; N,
the anterior termunation of the notochoid ; aw, the cartilaginous auditory
capsule contaming the internal ear, p, the pace afterwards becoming the
pituttary fossa, and now enclosed on 1ats two sides by two carulaginous rods—
the trabecula «ranii, which meet m fiont of 1t at (1) to form the ethmo-
vomerme plate from which the median (v1) and lateral (LF) ethmoids arise , 2,
the second cartilagmmous 1od, or airch, forming the maxillary arch; 3, the
third arch, formmg the mandibular aich (or lower jaw); 4, the fourth arch,
forming the hyoidean arch

This expansion becomes subdivided by two lateral con-
tractions (one in front of the other, on each side), so that
three rounded cavities are produced, one behind, onc above,
and one in front of the antcrior termination of the noto-
chord—the primitive skull being sharply bent down just
in front of the anterior termination of the notochord.

In the walls of these rounded expansions, or vesicles, no
(uadrate thickenings occur similar to those which are de-
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veloped (one in front of the other) on each side of the chorda
dorsalis, and which are the precursors of the vertebrz.

A soﬁd, flattened mass surrounds the anterior termination
of the chorda dorsalis, and forms the cartilaginous foundation
and precursor of the basilar part of the occipital bone, and
may be called the basi-cranial plate.

Continuous with this on each side is a rounded mass of
cartilage which is the precursor of the petrous parts of the
temporal bone and of the lateral parts of the exoccipital ; and
the latter cartilages, growing up to meet together above,
enclose the foramen magnum with a cartilaginous ring.

From the front of the basi-cranial plate two cartilaginous
rods, called Zrabecule cranii! extend forwards and down-
wards. These at first diverge, and then converge and meet,
thus leaving a space in which the pituitary fossa comes to be
placed.

FiG 93 —D1\GraM oF THE FORMATION Of THI SKULL, 5FEN LATERALLY.

N, the anterior termmation of the notochord n the ca tilagmous oceipital mass ;
10, a lateral upward extension of that mass, forn mg the foundation of the
future lateral part of the occipital bone , a#, the aud tory capsule , @ and o. the
cartilaginous beginmings of the future *“ greater” o 1 “orlutal” wings of the
sphenoid . 1, une of the trabecule cranu 1unnmmg  rwards to expand in the
ethmo-vomerine plate or foundation of the future median (mr) and Jateral (1 7)
ethmmds 2, the second (maxillary ) arch 1unning forwards to abut aganst the
ethmo-vomerine cartilage ; 3, the mandibular arch ; 4, the hyoidean arch,

This prolongation forwards, after sending up on each side
two cartilaginous representatives of the sphenoidal wings,
forms, as has been indicated, a median plate (termed Ethmo-
vomerine), which sends downwards three other plates to form
the median and lateral ethmoids.

The rest of the walls and roof of the skull arc completed
by membrane only.

Besides the trabeculw, other  cartilaginous rods extend

* From tradecula, the diminutive of frabes, a beam or rafter.
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downwards from the basi-cranial plate, or rather from the
lateral cartilage contiguous with it.

Thus a second rod, external to the trabecula, on each side,
passes forwards (almost parallel with the trabecula adjacent
to it) and fuses with the Ethmo-vomerine plate.

A third rod descends and fuses with its fellow of the op-
posite side, so forming the groundwork of the lower jaw,
which is thus laid in what is often called the-first visceral
arch, but which is really the #4ed.

The next, or fourth cartilaginous rod, mcets with its fellow
below only by means of the interposition of soft structures,
and lays the foundation of the styloid processes and corni-
cula of the os hyoides, which thus are contained in what is
really the fourth visceral arch, though often called the second.

The fifth visceral arch develops on each side, at its ven-
tral part, the precursor of the cornu and body of the hyoid
bone.

Ossification occurs, as has been stated, in more than one
point of most of the bones which are reckoned as single bones
in the adult man. Thus it occurs in the lateral and superior
parts of the occipital as well as in the basilar part ; in the
wings and inner pterygoid processes of the sphenoid, as well
as in those two parts of its body which may be distinguished
as the basi-sphenoid and the pre-sphencid—the latter sup-
porting the orbital wings. In the temporal bone, as has been
pointed out, many very distinct ossifications occur.

The ossification of the ethmoid and of all the turbinals
and vomer takes place in, around, and from the cthmo-
vomerine plate and the cartilages of the trabecul®, or first
visceral arches.

The palatine bones, internal pterygoid processes, and
maxillary bones, are ossifications connccted with the second
visceral arches.

The mandible—which arises from one point of ossification
on each side—invests the ventral end of the cartilage (called
Mecckel’s) of the third visceral arch.

18. Turning now to OTHER VFRTEBRATES, we find that
in the possession of a cranium man agrces with all except
the Lancelet. This animal can hardly be said to have a bramn
at all, so slight is the enlargement of the anterior end of
its spinal marrow : consequently its brain-case is, as might
be expected, similarly imperfect, and consists merely of the
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membranous investment of this terminal part of the spinal
marrow.

In other Vertebrates a definite and distinct brain, en-
closed in a definite and distinct brain-case of solid tissue
(cartilaginous or osseous), with jaws and hyoidean appendages,
1s almost a constant character.

In that the skull is sharply and distinctly differentiated off
from the spinal skeleton, man agrees with the vast majority
of Vertebrates, and with all Vertebrates without exception
above Fishes. It is possible, however, for the cartilaginous
representatives of vertebra to coalesce into one mass with
the cartilaginous skull (as in the Sturgeon), or even when the
skeleton is osseous (as in the Siluroid fish Bagrus, where
these bones are suturally united). Indeed, in such cases, the
transition from spine to cranium is so gradual that it is easy
to mistake part of the vertebral column for part of the skull,

FI1G. 94 —VERTICAL, LONGITUDINAL SECTION OF THF POST-AXIAL PART OF THE
SKULL, AND OF 1HE MORe PRE AXIAL VER1EBRA OF THE SILUROID FISH
Dagrus (After Owen )

at?, body of first vertebra; ax, body of second vertebra; v3—27, bodies of the
next five vertebr, each line going to the middle of a biconcave centrum ; 4o,
bastlar part of the occipital bone, eo, exoccipital, s, spinous process of the
second vertebra  Duirectly ahove s is the post-axially projecting supra-occie
ptal. Ay, the hypapophysial canal running beneath’the first five vertebrz.

The almost completely osseous condition of the skull of
man is one common to him and to his class. In the Sauro-
psida the skull is often eked out, as it were, by considerable
tracts of cartilage or membrane, and in the Ichthyopsida
the cartilaginous portion is always more considerable, and
may constitute the greater part or the actual whole of the
solid brain-case and annexed structures.

The shape of the skull will be spoken of afterwards, but
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here it may be stated that the division of it adopted in human
anatomy, into cranium and face, is one which is natural. By
the former we shall understand the brain-case proper, and no
more. By the face we shall understand not only the bones
usually included in that category in anthropotomy, but the
cthmoid and parts of the sphenoid also, namely the internal
pterygoid processes, which, as we have seen, arisc in man
about the second visceral arch.

The number of bones of which the skull is composed in
man when adult is much less than in many animals ; on the
other hand, it is more than in many, where, as in the class of
Birds, the process of anchylosis is morc rapid and extensive.

Certain small bones of the ear, called auditory ossicles,
are, in works on human anatomy, included in the description
of the internal car. For this reason the full notice of these
ossicles will here also be similarly deferred ; though from the
important part they are said to play in many lower, and all
the lowest forms, and their relations to hyoidean structures,
they must be somewhat noticed even in describing the true
skeleton considered as the framework of the body.

19. The oCCIPITAL bone of man represents some of the
mo-t constant ossifications of the solid cranium. The con-
diuon of union its parts present in him is the one normal in
his class, though the union of its clcments is often longer
delayed in some Mammals than in him.

On the other hand, the occipital bone (or parts of it) may
anchylose with more than it anchyloses with 1n man, as is
the case in the Sauropsida, where, except in the Chelonians,
two portions of the petrous bone (the epiotic and opisthotic)
become intimately united with parts of the occipital.

In the lower forms (or Ichthyopsida), where the skull is
ossified, either the main parts of the human occipital are
represented bg' distinct bones, or enly a portion ot them are
so represented.

The basilar process (basi-occipital) is a constant ossification
in all except Batrachians and some Fishes, and when present
in the latter (as the Cod. Perch, Pike, &c.), remains a distinct
bone throughout life. It may, however, as in Batrachians
and in the Lepidosiren, be represented merely by cartilage ;
and this in spite of other portions of the occipital being
ossified. The basi-occipital may give origin to a median
descending process like a hypapophysis, and may indeed (as
in the Carp) send one down so far as to penetrate the wall
of the alimentary canal and serve in mastication.



98 ELEMENTARY ANATOMY. [LESss.

The hinder end of the basi-occipital has a more important
function in the Sauropsida than in man’s class, as it develops
a convex projecting head or condyle, which articulates with
the vertebral column. 1n most Fishes it is concave, its con-’
cavity being applied to the concavity of the body of the first
vertebra in the same way that all the bi-concave vertebrae are
united together.
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FI1G 95.—VERTICAL, LONGITUDINAL SrcTION OF THE SKULL oF A Fowt.

(After Parker.)

a, angular bone of mandible, as, alisphenoid ; az, articular bone of mandible :
b0, basi ocaipital, d, dentary bone of mandible; £, frontal: me, median
ethmoid , os, orbito-sphenoid; g, panietal, #°, pro-otic ; pf, pituitary fossa ;
px, pre-manilla, sa, surangular bowe of the mandible ., so, supra-occipital
sp, splemal bone of the mandible , sg, squamous part of the temporal bone,
or syuamosal , z, vomer,

The lateral parts (exoccipitals) are constantly ossified where-
cver the skull is ossified at all; and their position with
regard to the spinal marrow is constant. They always
transmit, either as in man by a notch, or by a foramcn, the
eighth pair of nerves, and also the hypoglossal'ncrve where it
exists, but this latter is wanting in Fishes.

In the fact that the occipital condyles are mainly formed
by the lateral parts (cxoccipitals), man agrees with his own
class. They may, however, be entirely formed by the ex-
occipitals, as in Batrachians ; or these boncs may more or
less help to form one single median convex articular condyle,
as in the Sauropsida.

The peculiarities as to the position of the foramen magnum
will be spoken of 1n considering the skull as a wholc.

The Squama of man, or supra-occipital, is of a relative
size greatly in excess of that which exists in most forms, but
still it may attain a yet greater importance than in him. This
is the case, for example, in the Cetacea and in the Elephant,
where its relative as well as absolute size is enormous.



ne] THE CRANIAL SKELETON. 99
Again, it may be divided into two parts, its upper portion
being reckoned as a distinct bone (dnéerparietal) as, e.g., very
often in Rodents. A still more divided condition of the supra-
‘occipital may obtain, as in the Ganoid fish Lepidosteus.

On the other hand, as in the Frogs and Toads, the supra-
occipital may be absent altogether, the lateral portions, or
exoccipitals, meeting as well above as below the foramen
magnum.

The faintly marked superior curved lines of the human
occiput are but feeble representations of the great bony pro-
jections which the occipital bone may develop. Thus, even
1 one of the forms nearest to man—the Gorilla—thcre may be
an enormous lambdoidal ndge. In Ruminants, again, this
ridge may be largely de-
veloped, and have bony ex-
tenstons (the horns) reaching
out from it, as in the Ox.

The jugular process of man
may be developed to a much
greater extent, bearing the
name of par-occipital or para-
mastoid process, as¢.g. in the
Babirussa and Capybara. It
may help to form the tym-
panic cavity, as in Birds, or be

)
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F16 96.—S1bE VIEW OF THE SKULL

completcly absent, as in the
Ichthyopsida.

A singular relationship
seems often to exist between
an aquatic habit and defect-

OF AN ADULT MALE GORILLA.

o, supra-orbital ridge ; s, sagittal ridge
(a lofty plate as indicated by tﬁe
shading) ; /, lambdoidal ridge—the
last is foreshortened as it projects
laterally.

ive development of the basilar

part of the occipital hone. Thus this part is altogether absent
in Batrachians, it is often imperfectly ossified in Seals, and
seems to be rudimentary in some of the Cetacea.

In the last-named animals, as also in very many Fishes,
the supra-occipital is brought into direct connexion with the
frontal—a condition very different from that of man.

20. Whereas the occipital bone of man is the representative
of four distinct bones in lower animals, his PARIETAL bone,
on the contrary, is in its normal condition, as it arises always
from a single ossification. Indeed, not only is it never more
complex than in him, but in many animals (e.g. the Mono-
tremes, Serpents, and the Salmon) the two parietals anchylose
at a very early period into a single, median bone.
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Generally, as in man, the two parietals meet, but, as has
been said in treating of the occipital, they may be encroached
upon, and depressed to the side of the skull (as in the Cetacea),
by the union of the last-named bone with the frontal.

The great size of the parietals of man is very exceptional,
and has direct relation to the immense development of his
brain, On the other hand, they may be in great part merc
bars, as in many Lizards.

The parietal may give off a lamellar expansion helping to
roof over the temporal fossa—as in the Turtle and the curious
African Rodent Lophiomys. .

The exclusion of the parietal from any junction with the
sphenoid by that of the frontal bone with the temporal, which
occasionally occurs in man, is very common in Apes. On
the contrary, it may extend to join not only the greater but
also the less, or orbital, wing of the sphenoid.

The parietal may be one with the frontal, forming a fronto-
parietal bone, as in the Frog and Lepidosiren,

Fi16 97 —UPPER SURFACE OF THE SKULL OF A Fros  (After Parker)

€, 0> en eeinture, or girdle-bone ; e, exoccipital; /, fiontal part of fronto-
parietal bone; mx, maxillary bone; n, nasal; ap, opisthotic: g, parietal
part of fronto-panetal bone; pm, pre-maxilla, go, pro-otic; #¢, pterygoid ;
¢, quadrato-jugal ; sg, squamosal ; sws, suspensorium of lower jaw.

From within the parietal an ossified falx may extend into
the cranial cavity, as in the Ornithorhynchus, while the junc-
tion of the parietals may be extended upwards into a large

sagittal crest, as in many Carnivora, and even in the
Gorilla,
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21. The development attained by the FRONTAL bone in the
human subject is very greatly above the average of man’s
class, and bears relation to the vast development of his brain.
“Sometimes, on the contrary, as in the Cetacea, the orbital
part may be enormously developed outwards on each side.

The primitive double condition in which, as we have seen,
this bone exists in man, very often persists in adult life in
other Mammals. It may do so in Apes, though sometimes in
that order (e.g. Pithecia) not only is it united, but it even
develops a median ridge, continuing forwards the sagittal one.

In many Reptiles and Fishes, however, this bone is single,
as 1n the Gecko and the Cod.

Each half of the frontal bone may meet below as well as
above, so as to form a complete bony ring, as in the Python,

The external angular process of the

frontal may rarely (as ¢. g.in the Horse) .

j0in not the malar, but the zygomatic

process of the temporal bone. ¢
In the majority of the members of pe

man’s class this process joins neither Fic g8.—Diacram rEPRE-
of those bones, but merely forms a SENTING A ’SI‘RANS\ERW
freely projecting post-orbital process. [Tl on s SrarenT,

Sometimes 1t 15 completely absent, /, frontal, meeting 1ts fellow
as 1s the case in several forms, e.g. “of the other side both
the Tanrecs. above and below in the

On the other hand, in the Sauro- ,T;ﬂid;‘eé'ﬂf,;’:f para-sphe-

psida, a distinct bone (either tempo-  cule cranu which persist
rally as in Birds, or permanently as in 7 serpents unng, for-
Reptiles) extends downwards from the  base of the skull.
postero-external part of the frontal.
This cither ends freely, as in most Birds; or it contributes to
form a sort of upper zygoma, as in some Parrots and Lizards;
or,as in Python, passes downwards to abut aganst the single
zygomatic arch. It is called the post-frontal.

A bone exists in the skull of osseous Fishes which has
often been called the * post-frontal,” but which has no rela-
tion to that bone of Reptiles, being really an ossification of the
ear capsule, and therefore the representative of part of the
petrous bone of man.

The superciliary ridges, which in some races of men are
much marked, may attain a far greater size, being at their
maximum in one of the highest Apes, viz. the Gorilla.

The two sides of the frontal may unite behind the cribri-
form plate, as is the case in the commonest Monkeys.
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The frontals may develop great bony processes, which are
the bony cores supporting the corneous sheaths of hollow-
horned Ruminants, as ¢.g. in the Goats. They may also.
periodically develop branched pro-
cesses, “antlers,” as in Deer.

These will be more conveniently
considered in the Seventh Lesson.

22, The TEMPORAL bone of man
is the representative not only of a
number of distinct bones in lower
animals, but of bones of very differ-
ent natures both as to origin and
function.

What answers to the squamous
portion in man, is called the “ sgua-
mosal” in lower animals.

In man it is of greater relative
size, and takes a larger share in the
formation of the inncr cranial wall
than is the case in most of his
class, though, strange to say, it
becomes again relatively larger in
one of the very lowest of Mammals,
7.e. the Echidna.

Below the Mammalia it becomes
excluded from all share whatever
in bounding the cranial cawvity, and
may be a mere bar contributing to
form the bony scaffolding of the
skull, as in Lizards or as in bony
Fic o)—Upper view of the Fishes. A portion of it may descend

Skull of the Tanrec, Hene- from the cranium altogether, and

e e pie become a mere part of the gill-cover
each side. flap, the pre-operculum.

The function of suspending the
lower jaw is one peculiar to this element of the skull in
Mammals, while in all Vertebrates below Mammals the
squamosal has no part in such an office.

Amongst his own class, man presents a medium develop-
ment of the glenoid surface, which may be much more con-
cave than in him (as in Carnivora), or much less so (as in
Ruminants). )

Its antero-posterior concavity is thus most marked in the
hard-gripping Badger, where the anterior and posterior bony
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margins of the glenoid surface are so prolonged that the
lower jaw cannot be removed, even from the dry skull, with-
out fracture of one of those osseous processes.

F1G. 100 —SIDE VIEW OF THE SKULL Or A PErRcH. (A/fter Cuvier.)

1, the frontal ; 2, the pre-frontal ; 4, the sphenotic ; 7, panetal ; 8, supra-occipital;
9, exiotic; 11, pro-otic, Iz, pterotic; 17, pre-maxila; 18, maxilla; 19,
first sub-orbital bone, or lachrymal; 1g', chamn of posterior sub-orbitals ; 20,
nasal ; 21, one of a chain of post-temporal ossicles ; 23, hyo-mandibular , 24,
ecto-pterygoid , 26, quadrate; 27, meta-pterygoid ; 28, operculum ; 30, pre-
operculum; 31, symplectic; 32, sub-operculum ; 33, inter-operculum; 34,
dentary ; 3s, articular; 36, angular ; 42, urohyal ; 46, post-temporal, or bone
connecting scapular arch with skull.

The projecting (zygomatic) portion of the squamous element
is constantly present in Mammals, though it may end freely,
as in Centeles and Sorex, or jomn the frontal instead of the
malar, as in the Horse.

It also projects freely downwards in most Birds, but
it may (as in some Parrots) articulate with a post-frontal
element.

In Reptiles also it may project forward and form a sort of
upper zygoma by articulating with the post-frontal, as in some
Lizards (e.g. Sphenodon, Cyclodus), or it may be articulated
with the cranium at one end only, as in Python—the other
end projecting backwards and slightly outwards, to give ad-
ditional mobility to the lower jaw.
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It may develop, as in Fishes, a post-orbital process of its
own.

Its junction with the malar is not found anywhere out or
man’s class.

The squamosal of some Birds (as the Ostrich) may send
down a process, the representative of which 1s more con-
spicuous in the Frog, and becomes separated off from the
superior portion in the Eft. It is this lower portion which 1s
the pre-operculum of Fishes.

F16 101.—SIDE ViEW OF THE SKULL OF A RATTLESNAKF (Crofalus)

a, articular bone of lower jaw ; &0, basi occipital , @, dentary, f, frontal, f,
pre-rontal , mze, median ethmoid , zex, maxilla, o, pro-otic ; #, panetal , pa,
para-sphenoid , 27, pterygod , g, pre-maxilla ; g%, quadrate , ¢s, squamosal.

The petrous and mastoid elements (petro-mastoid) of the
temporal bone require a more lengthened notice.

In the first place, it may be observed that the distinct-
ness of these united elements is shown in many Mammals
where the petro-mastoid bone remains unanchylosed and
separate from both the squamosal and tympanic elements
of the temporal bone. This is the case, e.g., 111 the Pig. It
may be united with the tympanic element, but not with the
squamosal, as in the Hare and the fully adult Porpoise,
being in the latter only united to the rest of the skull by
ligamentous attachment.

Still, in all man’s class, what we have seen to be the con-
stituent parts of the petrous and mastoid elements always
cohere into a single mass before they unite with other cranial
elements, while such a complete primitive union never takes
place in any Vertebrate not a Mammal.

The very prominent mastoid process of man is peculiar to
him, as, though in many other Mammals it is more or less
developed, it is generally rivalled or surpassed in them by
the elongated process of the occipital bone before mentioned.

Even in the highest Apes the degradation of the mastoid
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process is remarkable, and bears relation to the absence of
an erect posture of the body—a posture which distinguishes
man from the other members of his order.

Air-cells which exist, even in man, in the mastoid, extend
into the substance of the squamous element in the Gorilla,
and sometimes, as in Macroscelides and Pedetes, the mastoidal
air cavities are enormous, causing great projections of the
skull.

A large vaginal process is peculiar to man, that part being
represented but slightly even in the Gorilla.

The carotid canal is far from being a constant character of
the temporal bone, even in Mammals. Often, as ¢.¢. 1n the
Cat, the carotid artery may pass through the foramen lacerum
posterius, merely grooving very shghtly the petrous bone; or
much more rarely, as in the Opossum, it may perforate the
sphenoid bone.

In most Mammals, except the highest Apes, there is a deep
pit on the mner surface of the petrous bone, as in the Ilare:
this 1s to receive a certain part of the brain, termed the floc-
cular process of the cerebellum.

The stylo-mastoid foramen is a constant aperture, the
seventh nerve passing out through such an opening m the
petrous element wherever this 1s ossified n vertebrate animals.

F16. 102 —VERTICAL, LONGITUDINAL SECTION OF THE SKULL OF A PER(H
(After Cuvier.)

1 frontal, ; 2, pre frontal (or lateral ethmoid) , 3, median ethmoid, 4, sphemtic
5, busi occipital ; 6, para-sphenoid , 7, panetal ; 8, supra-ocapital , g, epiotic ,
10, exoccipital ; 11, pro-otic , 12, pterotic ; 14, alsphenoid, 13, pre-sphenad ,
16, vomer.

But not only the seventh nerve, but the third portion of the
fifth also, may perforate the same bone, as is the case in
Serpents, in Batrachians, and in many Fishes (¢.g. the Pike);
or it may only notch it, as in Crocodiles and Birds ; or it
may, as in man, pass altogether in front of it.
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The three elements (pro-otic, epiotic, and opisthotic) which,
as we have seen, coalesce to form the petro-mastoid part ot
the temporal bone of man, may be differently proportioned
and conditioned from what they are in him. ’

The Pro-otic is the largest and most important element ot
the three in Vertebrates below Mammals.

It may meet with its fellow of the opposite side below, and
thus form part of the inside floor of the skull, as 1s the case
in many Fishes, ¢.g. the Pike,

The Opisthotic constantly anchyloses with the lateral part
of the occipital before it unites with the pro-otic in all Verte-
brates below Mammals. In many forms, e.g. the Cod, 1t
never unites with the pro-otic at all.

The Epiotic constantly anchyloses, in all Vertebrates below
Mammals, with the squamous portion of the occipital bone
before it unites with the pro-otic and opisthotic clements.

In Fishes and in Chelomans it preserves its distinctness
from the occipital, though in Chelonians it coalesces with the
opisthotic.

These three bony barriers protecting the internal ear may
be conveniently spoken of as the periotic mass.

This mass may have added to it a part which, in some
Mammals, appears as a lamelliform expansion, as in the Mole
and still more in the Echidna, where it constitutes a con-
siderable part of the cranial wall between the occipital, the
squamosal, and the parietal bones.

In Fishes, ¢.g. the Cod and Pike, it appears as a bone pro-
jecting at the postero-external angle of the roof of the skull.
It is called the pterotic.' It may also, in Fishes, have added
to it a large and distinct ossification, the sphenotir,;” which
has been called by mistake the post-frontal, and which takes
part in suspending the lower jaw.

The tympanic element of the temporal bone of man mas,
even in forms so little removed as are the American Apes, be
reduced to the ring-like condition which it has in the human
infant. On the other hand, in many Mammals, c.g. in the
Dog and especially Macroscelides, it forms a large inflated
structure termed a éx//a. In oviparous Vertcbrates it is not
represented except by the frame of the tympanic membrane.

The styloid element may be more conveniently treated of
under the head of hyoidean structures. It is sufficient to say

; 2"0"15‘- 3‘;1"& 4 he alisphenoid
So calle cause adjoining the alisp id, — by its di rer, Mr. W. K.
Parker, F.R.S., who also discovered and named the % ptel";)tic." !
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here that it is only found very elongated and anchylosed to
the skull in man, though an anchylosed but less elongated
one is sometimes found in a species of Baboon.

T 105 —Under Surface of the Skull of the Lemur Aicrocebius minor, showing
the flated auditory bullae (on each side i front of the foramen magnum), and
also the defects of ossification 1 the bony palate.

The tympano-hyal will also be noticed with the hyoidean
structures. Only in Mammals, but in them constantly, does
it form a process of the skull. Its common form, as in the
Dog, is that of a small cylindrical truncated process, between
the tympanic bulla and the paroccipital process. In man it
1s obscured by anchylosis with the styloid process, of which it
forms the root.

23. The SPHENOID, like the temporal bone of man, is a
highly complex one, as is made evident by what we find in
other animals.

The body of the sphenoid is a less constant structure as a
distinct bone than might be supposed. On the other hand, that
close union between it and the basi-occipital, which in adult
man is constant, is rarely found elsewhere. Even the body of
the sphenoid itself. in Mammale ic ceanerally fammad A8 teem
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distinct bones, the posterior of which is termed in zootomy
the basi-sphenoid, while the anterior ossification (in front of
the pituitary fossa) bears the name of pre-sphenoid.

T?xe basi-sphenoid is a point of very great morphological
importance, marking as it does the anterior termination of
the chorda dorsalis, which never advances further forwards
than the hinder margin of the sella turcica.

Now, there may be no bony representative of the basi-
sphenoid at all—although more or less of the rest of the skull be
ossified-—as is the case in Lepidosiven and the Amphibia ; or
it may be represented by a mere rudiment—a little Y-shaped
bone, only forming part of the front of the pituitary fossa, as in
the Pike. Thus it need form no part of the inside floor of the
skull, nor yet any of the basis cranii, although the last-named
part be well ossified, as 1t is in osseous Fishes and Batrachians.
In the Ichthyopsida, in fact, only the median bony investment

F1G. 104 —UNDER SURFACE OF THE SKULL OF A FROG. (After Parker)

¢, girdle-bone , eo, exoccipital i mx, maxilla, par, paroccipital ; g, pre-maxilla,
2o, pro-otic, pf, pterygoid ; ¢, quadrato-jugal , sws, suspensonium of lower
jaw, the lower end of which represents the quadrate bone ; 2, vomer; 1, optic
foramen ; 2, foramen ova e ; 3, condyloid foramen,

of the basis cranii is a special membranous ossification, termed
the para-sphenoid, which extends, both backwards and for-
wards, far beyond the limits of the basi-sphenoidal region.
This “membrane” bone is alsp large and conspicuous in
Snakes (which have the body of the sphenoid in a cartilagi-
nous condition), but it seems to be representated in man, if
at all, only by the “lingulz sphenoidales.”
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The basi-sphenoid itself, on the other hand, may be hyper-
trophied, sending out a long rostrum in front and lateral
processes, as is the case in Birds; and in man’s own class it
may develop descending and diverging processes, as in the
Hedgehog, Centetes, and the Porpoise. In the first two we
find a hemispherical depression on the under surface of the
sphenoid body, reminding us of the sclla turcica on its
cranial surface.

The pre-sphenoid attains not only more distinctness, but a
much greater length, in Mammals generally than in man. In
all lower forms, however, it is more or less rydimentary or *
absent : absent, e.g., in Batrachians ; rudimentary in Birds
and some Fishes, ¢.g. the Carp and Salmon.

The basi-sphenoid may be directly perforated by the in-
ternal carotid artery, as is the case in Marsupials; or the two
carotid canals may unite in it, as in Birds.

The posterior boundary of the sella turcica, with its clinoid
processes, is more prominent in man than in almost any other
anunal, and the depression of the sella is very marked in
him. It may be quite indistinct, as in Marsupials and
Batrachians.

The sella may, on the contrary, be a decp and sudden de-
pression without any prominent margins directed upwards, as
in many Fishes, ¢.g. the Pike.

A singular and unexpected function may be performed by
the cartilaginous body of the sphenoid, as in the Pike and
in very many other Fishes, where it forms part of the roof of
a large conical excavation of the basis cranii, in which ex-
cavation the muscles of the cyeball take their origin.

The greater wings of the sphenoid bcar in zootomy the
name alisphenvid. They form a part of the cranial side-wall
which is very gencrally present in an osseous condition, though
not so in Chelonians or Batrachians. Alisphenoids are in-
variably developed 1n all the members of man’s class (Mam-
malia), and also in Birds and Crocodiles. Usually they take
a relatively greater share in the formation of the cranium
than in man, whose skull-roof bones are so enormously ex-
panded. This is notably the case in Marsupials and some
Insectivora, where they extend far back and form the anterior
part of the auditory bulle, and in the Kangaroo even touch
the paroccipital process.

The orbital plate of this bone is not developed in Mammals
below man’s own order, but its homologue is developed in
some Birds, e.g. Accipiter and Strix;: and it is possible that
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it may also be represented by the sphenotic, which in bony
Fishes unites with the pterotic to furnish the point of suspen-
sion for the lower jaw.

The so-called external pterygoid process of man is really
but an outgrowth of the alisphenoid, and must be considered
with it. This part is absent in all animals below Birds, and
in Birds where it exists, e.g. in the Finches (Fringilla), it is
represented by but a single or double ridge.

In Mammals generally, however (except the Echidna), it is
present, and morc or less as i man, though mostly it is
Iarger and less deep vertically.

The external carotid artery may pierce the root of this part
(as in the Dog), forming thus a special bony channel called
the alisphenoid canal. The third branch of the fifth nerve
may pass more anteriorly with regard to this bone than in
man, as is the case in the Sheep. On the other hand, it gene-
rally passes out altogether behind it. A vidian canal is often
much more conspicuous than in him, ¢ g. in the lower Apes.

A distinct foramen rotundum is often present and often
absent. In the latter case, the second branch of the fifth
nerve passes out through the sphenoidal fissure, as e.¢. in the
Hare, Squirrel, and Stag.

Each of the lesser wings of the sphenoid is termed in
zootomy an orbifo-sphenoid, and in some forms, e.¢. in Rumi-
nants, the proportion they bear to the alisphenoid is the
reverse of that which obtains in man, so that the application
to them generally of the name they bear in anthropotomy,
“lesser-wings,” would be manifestly out of place. These
bones are constantly present in man’s class, but, unlike the
alisphenoid, are often absent in the class of Birds, though
present in many kinds (e.g. Accipiter and Tinamus). They
are mere rudiments in most Reptiles—often altogether absent
—though they may be developed in Lizards. In Batrachians
they may be well developed, or coalesce (as in Frogs and
Toads) with the ethmoid in a way to be described in treating
of that borte. In Fishes they are generally absent, but may be
well developed, as in the Carp, where however they form one
bone with the pre-sphenoid.

Occasionally, as in the Hare, they may be so disposed as to
constitute a median, interorbital septum, the two optic fora-
mina having become merged one in the other.

The optic foramen may be excessively minute, as in some
Insectivora, and there may be a foramen passing from orbit
to orbit beneath it, as in Macroscelides.
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The internal pterygoid processes of man represent very im-
portant and constant parts of the cranium, which exist n all
classes down to and including bony Fishes.

The share which they take in man in bordering and bound-
ing the posterior nares is by no means their normal office in
Vertebrates generally. In Birds and in all lower Vertebrates
(except the Crocodiles) they have no connexion with these
apertures, but are quite posterior to them, serving to connect
the hinder part of the palatine with the point of suspension ot
the lower jaw, and, except in Fishes, have also a connexion
with the sphenoidal region of the basis cranii.

Sometimes, as in Serpents, these bones may be very
movable.

In certain forms, ze. in the Crocodiles, Ant-eaters (see
Fig. 117), and in the Echidna, these bones may develop
horizontal plates, which form the posterior part of the bony
palate. So that, in these animals, the posterior nares are
bounded by the pterygoids, both laterally and inferiorly.
The pterygoid may be swollen and bullate, as in the Mole
and in some Sloths.

The internal (but not the external) pterygoid processes
really belong, not to the cranial bones proper, but to those of
the face.

In Lizards, a peculiar dismemberment of the pterygoid,

T :
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s P
Fi6. 10s.—Dingrammatic  Vertical, FiG. 106.—~Diagrammatic  Vertical,
Transverse Scction of the Skull of Transverse Section of the Skull of
a Cheloman, showing the meeting on

a lazard, showwng the columelle
ascending from the pterygoid bones cach side of upward processes of the

to the panetals. .

£, panetal ; p¢, pterygoid bone, ¢,
columella, or dismemberment of
pterygoid ; s, basi-sphenoid, diverg-

pterygoids with downward processes
of the parictals.

# panetal, p¢, pterygod; s, basi-
sphenoid.

g processes of wlich joun the two
pterygoids.

ralled the columella, may ascend and join the parietal. In
Chelonians a corresponding process of the pterygoid may
ascend and meet a corresponding downwardly directed pro-
cess of the parietal.

24. The ETHMOID is another complex aggregation of ele-
n.ents which arc distinct in lower animals. In man’s class,
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pow}«:_evcr, it remains, for the most part, pretty much as it is
in him,

The os planum, in that it is large and conspicuous and
situated on the inner wall of the orbit, presents conditions
which man shares with the Apes, but which are very rare in
other forms. In some Cats, however, it appears in the orbital
between the lachrymal, frontal, and palatine bones.

The part corresponding to the os planum of man exists
within, and hidden by, the maxillary plate in other mammals;
lgutdit may be represented by a cartilage or cartilages, as in

irds.

The lateral masses of the ethmoid appear in the form
of distinct bones (pre-frontals) in Crocodiles, Lizards, and
osseous Fishes. They may, as in the Chameleon, extend on
to the maxilla, so shutting out the nasals from the anterior
nares ; and in some Chameleons they may be prolonged so
as to help to form two great bony horns projecting forwards
from the muzzle.

The median ethmoid is constantly present in a cartilaginous
or osseous condition as part of the internasal septum.  Even
in fishes it is generally more or less ossified. It is possible
that it may appcar on the external surface of the skull in
Mammals, as in the Scal Aforackus. 1t does so in Fishes
(e.g. Carp and Tench), and at lcast in some Birds.

A peculiar condition of the parts may exist, such as is found
in the Frog, where the cthmoid forms (or is part of) a bone
which has been likened to a dice-box with a vertical parti-
tion at one end, and has been named by Cuvier os en ceinture,
or girdle-bone. It consists probably of the lesser wings of
the sphenoid united to the median and parts of the lateral
ethmoid.

The ethmoidal cells of the lateral ethmoid may attain a
much greater size and complexity than in man, as we see in
the Dog and very many Mammals. On the other hand, these
parts may utterly and entircly abort, as in the Porpoises.

A cribriform plate is common to, and generally large in
man’s class ; it may be wanting, as in the Porpoisc, or enor-
mous, as in the Echidna.

The crista galli is more defined in man than generally
in Mammals, but it may be very large, as in some Seals and
Ungulates. )

In certain Seals again, as in Cysfophora, and in the Tapir,
the median ethmoid may extend forwards beyond the anterior
end of the nasals.
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The lower furbinals may be noticed next after the ethmoid,
being of cognate nature.

The simplicity of their structure in man would hardly lecad
iis to anticipate the size and complexity which they may
attain in some animals, e.g. in the Badger and the Sheep.
They may, on the contrary, abort altogether, as is the case
in the probably smell-less Porpoises. In the Elephant they
are but rudimentary. .

In Fishes these bones are quite absent, and in Batrachians
are represented by a mere cartilaginous rudiment.

In Reptiles they are simple, and quite, or almost entirely,
cartilaginous, though with a slight bony outgrowth in the
Crocodile. But 1n Birds they may be represented by two or
three insignificant ossifications.

25. As to the MAXILLARY bone, we will consider first the
whole of it except that small portion in which the incisor
teeth are implanted ; such whole being the bone called “the
maxillary bone,” or “maxilla,” in other vertebrate animals
generally.

In that it presents an external facial part, an internal
nasal part, an inferior palatine part, and a superior orbital
part, the maxillary bone of man agrees with that of almost
all Mammals.

In lower forms, except the Crocodilia, the maxilla is much
smaller, and it may be a mere filiform rudiment, as in Silu-
roids, or abort altogether, as in the S7ren and the Myxinoids.

It may, on the contrary, be represented by several dis-
tinct and separate bones placed in a series along the jaw, as
is the case in the bony Pike (ZLepidosteus).

Very often its length may greatly exceed its height, as in
the Great Ant-eater and in Cetaceans.

In that the bone bears teeth, we have in man a character
which is by no means universal in his class, as e.g. in the
Ant-eaters, Whalebone Whales, and the Echidna, the maxilla,
like every other bone of the skull, is edentulous. The same
is the case in Birds and Tortoises, but in many Fishes (as e.g.
the Cod) the maxilla may be edentulous, while nevertheless
other bones of the face bear teeth,

The facial surface of the bone is occasionally much swollen
out, as in the Baboons. Somctimes, as in the Paca, this
surface is rough and pitted, while the bone is excavated by
a large fossa which opens on the inner surface. Again, the
facial surface may be very imperfectly ossified and may pre-
sent a reticulated structure, as in the Hares,

1
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The infra-orbital foramen may be multifold, as in most
Apes, or may be enlarged into an enormous aperture, trans-
mitting part of the masseter muscle, as is the case in the Por-
cupine and some other Rodents. This great opening may
exist, and yet the true infra-orbital canal be defined by a bony
lamella, as in the genus Lagostomus.

The® palatine plate of the maxilla exists in all Mammals
and in Crocodiles, yet even in Mammals it may occasiohally
be excessively reduced, as in the Hare, In the lower classes
it is wanting,

F1G. 107.—SI1DE VIEW OF THE SKULL OF A PorcuriNg (Hystrix cristata)

a, angle of mandible ; ¢, occiptal condyle ; ¢7, coronoid process of mandible ; ¢y,
condyle of mandible, f, frontal; ¢ incior teeth, 7, ascending branch of
maxilla enclosing the ‘enormous infia-orbital foramen, the course of the
masseter muscle through which is indicated by an arrow ; a2, molar teeth,
mx, maxilla, », nasal , gz, premolar teeth: pn, paramastord process, px,
prclmaxllla , ¢, tympanic bone; z, zygomatic arch—the part formed by the
malar.

The maxilla may acquire an enormous size, and overlap
and almost entirely conceal the {rontals, as in Cetaceans.

Sometimes, as in Chiromys, the maxilla is shut out from
articulating with the nasal bone by the extension upwards
to the frontal of that scparate element of the human
maxillary bone which is next to be noticed. The latter
element may, somctimes, be separated by an interval from
the part corresponding to the rest of the human maxilla,—as
in the Three-toed Sloth.

Occasionally (as in some specimens of Macacus nemes-
trinus, and in the Gavial) the maxillary bone may join its
fellow of the opposite side above the nasals, thus separating
the latter from the frontals.

Occasionally, as in some Chameleons, the maxilla may
. project freely forwards as a great bony horn at the front part
of the face.
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The second element of the human maxillary bone—namely,
that in which the incisor teeth are implanted-—is termed 1n
zootomy the pre-maxilla. Its existence in man, even at
birth, 1s obscured (except on the surface of the palate) by
anchylosis, and masked by the extension over it of a delicate
plate, or lamina, of the first and far larger portion of the
maxillary bone. This lamina 1s wanting in all other animals,
and even 1n the Apes the maxillo-premaxillary suture is for a
long time or permanently very evident on the face.

A pre-maxilla is almost a constant element in an osscous
skull; nevertheless, in some Bats and Shrews (¢.g, Crocidura)
it seems to abort. It may attain a vast size, as in Birds,
where it forms the greater part of the upper half of the beak,
and reduces the part representing the other element of the
human maxillary to insignificance. Generally double in Ba-
trachians, apparently always so in Fishes, a single median
ossification may nevertheless, as in Serpents, represent the
pre-maxillee of both right and left sides conjoined.

In man’s class the pre-maxilla varies greatly in size in dif-
ferent animals, and this independently of the development
both of the muzzle and of the teeth; for the Ant-eater and the
Whale are both edentulous, and both have an enormously pro-
duced muzzle, yet, while in the former the pre-maxilla is ex-
tremely small, 1n the latter 1t is very largely developed. A
nasal spine is very rare, but may exist below man, as in
Pedetes and the Walrus.

Generally the development of the pre-maxilla is related to
that of the incisor teeth, which are defined by the fact of their
being implanted in it, though when they are very large, as in
Rodents, their roots may extend backwards into the parts
which represent the first-described element of the maxillary
bone of man.

In some Bats (e.g. Vespertilio noctula), and the Ornitho-
rhynchus, we find the pre-manxilla separated by an interval
from its fellow of the opposite side. On the contrary, these
may be united not only below but also above the anterior
nares, as in the Gavial and Echidna. Again, they may be
united in the middle line, but altogether separated from the
first-described element of the human maxillary bone, as in the
Three-toed Sloth and in Serpents,

In this latter case we have normally existing that occasional
abnormal arrest of development in man, which we call
“hare-lip.”

26. The MALAR bone is almost at its maximum of relative

12
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development in man, and only in Mammals and the Crocodile
does it approximate to the condition it attains in him. Itis
a less constant bone than the maxillary, as it is absent in
some Mammals, e.g. Centetes and Manis, also in Batrachians,
Serpents, and generally in Fishes.

It may be merely a delicate spiculum of bone, helping to
form the zygoma, as is the case in Birds,

In none but man and Apes does the malar develop the
orbital plate, and generally in Mammals it does not even
meet the frontal outside the orbit; and when the orbit is
encircled by boney the malar may be separated from the
frontal by the intervention of the zygomatic process of the
temporal bone, as in the Horse.

Processes may be developed which do not exist in man, as
is the case in the Sloths, where there is both an ascendmg
and a descending process, but no process to form a junction
with the zygomatic portion of the temporal bone.

There may be a considerable perforation in the malar, as
in some Lemurs and Insectivora.

Sometimes, as in the Porpoise, the malar may be double—
the zygomatic portion being a separate ossification from its
front part.

27. The NASAL bones are more constant elements of the
bony skull than are the malar bones, as, except in most
Chelonians, they seem to be constantly developed. There
may be a pair of them, as in man (and this is the general
rule), or there may be but a single median ossification, as is
the case in Varanian Lizards. Even in man’s class (Mammalia)
they may be represented by a single bone through their early
anchylosis, as is the case in Centetes, Spalax, and the Orang.

The very extremes of development of these bones are also
to be found in the same class, as in the last-mentioned form
(the Orang) they all but abort, and in the Porpoises they form
small rounded masses, each lying in a concavity on the
frontal bone, and not at all roofing over the nasal passages.
On the other hand, in the Porcupine they are of enormous
size, in fact the largest of the cranial bones.

In the Porpoises the two nasals may cease to follow the
general rule among Mammals, of joining each other. In
Fishes they may lie wide apart. They may be shut out from
bounding any part of the anterior nares, as in the Chameleon,
where the pre-frontal extends to the maxilla, as before
mentioned.

28. The LACHRYMALS may be altogether absent, or may
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have a different function from that they have in man; or
having the same function as in him, they may be considerably
increased in size and importance.

* They may be absent as distinct bones even in man’s class
—especially in forms which pass a large part or the whole of
their lives in water, and where the secretion of tears is super-
fluous.

Thus they are absent by anchylosis with the malar in the
Dolphins, and are wanting altogether, unless early anchylosed
with the maxillary or malar, in the Scals and Pangolins.
On the contrary, though very small, they are present in the
Elephant and Sircnia, but in an imperforate condition.

TiG. 108 —UrPER VIEW OF 1HE SKULL oF A DOLPHIN (Delphinus globieps).
(After Cuvier.)

¢, occipital condyies ; ¢, median ethmoid i nasal fossa ; /, frontal oveilapped by
s, maxilla ; %, nasal, g, panetal, diiven down quite to the side of the shuil’,
pm, pre-maxilla (here enormous) ; so, supra-occipital.

They are present and of good size in many Fishes (e.g. P77s-
tipoma), where each lachrymal constitutes the first of a cha:n
of suborbital scalelike bones, which extend bencath the orlat
from before backwards. In Fishes, of course, there is no
lachrymal foramen.

These bones appear to be absent altogether in Batrachians,
and sometimes 1n Birds, though present, and sometimes large,
in Reptiles (¢.g. Chelomans).

In that the lachrymal is confined to the orbit, man differs
from most of his own class, except the Apcs; even in animals
so high up in the scale as Lemurs it not only extends on to
the check, but the lachrymal foramen is placed there,
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Often it is of great size, as in the Hare, Ant-eaters, and
Armadillos, or, as in the Deer, not only largely developed, both
in the orbit and on the cheek, but also presenting a peculiar
fossa destined to receive and shelter a special glandular
structure.

This bone may join the malar, as in the Squirrel and the
Hog. Its junction with an os planum is a very exceptional
condition, though found in Apes as in man.

It may join the palatine bone in the orbit, as e.g. in the
Rhinoceros.

It may even complete the sub-orbital foramen superiorly,
as in Dolichotis.

The lachrymal may develop a small process, as in the
Hare, or even a large osseous bulla, as in the Hippopotamus
and most Ruminants, notably in the Giraffe.

29. The PALATINE bones of man are important and con-
stant clements of the vertebrate skull, being not only repre-
sented by ossified tracts in every osseous cranium, but being
also clearly represented by cartilage in skulls which never
become divided 1nto separate bony elements.

The condition, however, which each palatine presents in
man 15 a very exceptional one when we compare 1t with that
prevailing 1n Vertebrates generally, and its form and propor-
tions are exceptional even amongst Mammals, its vertical
extent in him so greatly exceeding its antcro-posterior dimen-
sion. Already, in Apes, its length is greater in proportion to
s height than in man. This clongation may be enormously
increased, as in the Great Ant-eater-—though the prolongation
of the muzzle does not necessarily carry with it a similar
increase in length of the palatine, as we see in the Dolphin,
Globicephalbus, where 1t is comparatively short.

That the posterior margin of the palate bones should form
the antero-inferior border of the posterior nares 1s a character
which man shares with most of his class, and with no other.
In some Mammals, however (as we have seen), 1t 1s the ptery-
goids which perform this function, as in the only Sauro-
psidans (Crocodilia) having a palate with a solid bony roof
like man’s.

It is the rule, however, that the anterior margin of the palate
bones forms the postero-inferior margin of the posterior nares,
as we find to be the case in Birds, non-crocodilian Reptiles,
and Batrachians.

This difference of position in the palate bones is owing to
the fact that the horizontal, or palatine, plate, and the greater
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part of the perpendicular plate, are parts which have no bony
representatives in non-mammalian Vertebrates, with the ex-
ception of the Crocodiles. Only that part of each palate
Bone which connects the body of the sphenoid with the
vomer and upper-maxillary bone (7.e. the sphenoidal and
orbital processes) is represented by the palatine bones of such
non-mammahan Vertebrates.

.

FiG. 109 —UNDER SURFACE OF A Fowl's Skurt. (Affer Parker.)

¢, basi-occipital , ex, pomts just mn front of the anterior opening of the Eusta-
chian tubes ; #, maEAr : mz, maxillary hone , 8, palatine bone , g/, post-orbutal
process, pf, pterygoud ; px, pre-maxilla, ¢, quadrate bone, ¢, quadrato-
Jugal ; so, supra-occipital ; z, vomer.

In almost all those Fishes which have no osseous skull the
palatc bones are rcpresented by the anterior part of that
cartilaginous bridge, or flying buttress, which proceeds from
within the front of the mouth backwards and outwards to-
wards the point of suspension of the lower jaw, and which in
Sharks supports teeth and is called the upper jaw.

Sometimes the horizontal plate has large defects of ossifica-
tion, as in many Marsupials and the Hedgehog.

Often in Mammals the palatine may directly join the frontal
in the orbit, as in the Hog, Lesmur, and Pteropus. It may
join the lachrymal, as in the Dog. It may extend in the orbit
between the lesser wing of the sphenoid and maxillary, and
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between the frontal and the lachrymal, as is the case in
Dolickotis. 1t may or it may not take a share in the forma-
tion of the pterygoid fossa. It appears even to form part of
the margin of the optic foramen in the Echidna. ' )

30. The VOMER again is a bone of remarkable constancy.
It is much less concealed by other bones in Vertebrates
generally than in man, and may appear not only in the palate
(where 1t is indeed normally visible), but also externally on
the surface of the skull.

In the fact that in the adult condition it is a median,
azygos bone, the vomer of man agrees with that of all Mam-
mals, where it is mostly large. In Birds it may be large, as
in the Ostriches, or nearly absent, as in the Pigeons. It is
almost always single in them, but may be double, as in the
Woodpeckers. In Reptiles it is generally double, but may
be single, as in the Chelonians. In Batrachians it is in-
rariably large and double. In Fishes it is large and single in
nearly all, but may be double, as in Lepedosteus and Swdis.

In Mammals the shape of this bone, as might be expected,
varies generally with that of the face. Thus it is extremely
clongated in the Dolphins.

In all above Fishes it contributes to form the partition
between the nasal passages, and (except where the facial
bones develop palatal plates, as in Mammals and Croco-
diles) borders internally their posterior openings.

31. The inferior maxillary bone, or MANDIBLE, of man is a
very characteristic bone, though substantially agreemg with
that of other Mammals.

It bears, however, a double relation to parts.we find in
lower animals. For, while masmuch as it forms the whole
lower jaw it of course agrces with, and answers to, the whole
lower jaw of each bird, reptile, and fish ; yet in development
and essential nature, it corresponds with a certain portion
only of the lower jaw of cach of these animals,

Thus it is possible for the part answering to the whole
lower jaw of man (7. the bone called “dentary™) not to
articulate directly with the cranium, but to be connected with
it by a whole series of intermediate parts, as is the case in
211 ‘Vertebrates below Mammals, and especially in osscous
ishes.

We may find, as .in the Sauropsida, an actual lower jaw
consisting of several distinct bones (dentary, angular, sur-
angular, coronoid, splenial, and articular) suspended from the
skull by a single bone—the os quadatrum ;—or we may find,
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as in osseous Fishes, the actual lower jaw, consisting of a
dentary and other bones, suspended from the side of the
skull by the intervention of more than one bone.
" In the last-named group the lower jaw is suspended from
elements of the ear capsule (viz. the sphenotic, pterotic, and
ro-otic) by a bone called the Hyomandibular, and by other
ones the lowest of which is termed the Quadrate, with which
the upgermost part of the lower jaw articulates. The bones
from the hyomandibular to the quadrate (inclusive), or the
cartilaginous parts which in some forms may represent these,
are collectively termed the suspensorium.

F1G. 110 —SIpE VIEW OF THE SKULL OF A Lizakp (Paranus)

a, articular bone of mandible; ¢, coronoid bone of mandible; 4, dentary: f,
frontal ; /', pre frontal, f', post-frontal, /, lachrymal, m, malar, sz,
maxnilla; #, nasal, o, pro-otic; 2, panetal ; p¢, pterygoid : g, colume'la, or
dismemberment of pterygoid ; 22, os transversum ; g, pre maxilla, g, quad-
rate bone, sg, squamosal

A lower jaw, however, may be entirely and completely
absent, as 1s the case 1n the Lamprey.

In forms in which the skull is not osseous (as the Sharks)
the mandible is represented by cartilage.

‘Wherever below Mammals the skull is ossified, the lower
jaw consists of a bone representing the lower jaw of man and
Mammals, together with three or four other bones forming with
1t the actual ramus on cach side ; and, in addition, there is a
distinct part by which this complex ramus articulates with
the suspending bone or bones which sustain it.

This articular part, with the suspending bone (called the
“quadrate ” in Birds and Reptiles) or bones (of which there
may be several, as in Fishes), all taken together, answers to
parts which are not commonly reckoned as portions of the
skeleton in man, namely to parts of the internal ear, 7.e. to
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certain of the auditory ossicles, as we shall see more distinctly
when we come to treat of the organs of sense.

Confining ourselves to man’s own class, his mandible,
appears to be well developed, but the form and proportion
of its parts may be very different from what we see in him,

Thus there may be, as in the Great Ant-eater and Ceta-
ceans, no representative of the ascending ramus; or it may
be very low, as in most Rodents, ¢.g. the Porcupine.

The coronoid process may be much developed, rising
greatly above the condyle, affording attachment to the volu-
minous temporal muscle, as in the Dog ; or it may be low
or rudimentary, as in many Rodents.

A considerable process, termed the angular process, may be
developed at the paint of junction of the posterior borders of
the vertical ramus with the inferior margin of the horizontal
one, as in the Dog, This process may be distinctly bent in-
wards, as in the Opossums and almost all Marsupials.

The condyle is always either more or less convex or
flattish (thus differing from the surface offered by the
articular part of the lower jaw in animals below Mammals, in
which it is always more or less concave), but its longer
diameter may be antero-posterior, as in some Rodents, or
still more decidedly transverse than in man, as in carnivorous
animals, where the movement of the jaw 1s vertical and not
to and fro,—whether from before backwards, as in Rats,
Rabbits, &c., or from side to side, as in Ruminants. .

Mostly in Mammals the lower jaw continues throughout
life to be made up of two bones articulating at the symphysis
by suture—as in the human infant at birth.

The symphysis generally inclines from above downwards
and backwards, and only 1n onc Ape (thc Siamang Gibbon)
is there a chin as in man.

The symphysis may be exceedingly narrow, as in the
Ant-eater and Porpoise. It may be very elongated but hori-
zontal, as in the Cachalot. The two rami may be each nearly
straight, or each may be strongly curved outwards, as in the
Whalebone Whales.

The symphysis may be narrow and grooved above so as
to give it the appearance of a spout, as in the Elephant, or
i]t) may be extraordinarily produced downwards, as in the

ugong.

The entrance of the dental foramen may be exceedingly
capacious and funnel-shaped, as is the case in the Dolphin.

The mandible may be directly connected with the neural
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spines of the anterior (most pre-axial) vertebre by a very
strong ligament which prevents the mouth from being widely
opened. This is the case in the Eft Desmognathus.

32. That very subordinate bone of the human skeleton, the
0S HYOIDES, or tongue-bone, 1s but a feeble rudiment of
skeletal structures of great size and functional importance
in the lower Vertebrates. Even less than the temporal bone
is 1t capable of revealing its true nature when studied in
man alone.

Small, however, and subordinate as is the os hyoides in
him, it may yet be more rudmentary still. Thus osseous
parts may be cntirely absent, and only represented by two
delicate cartilages, as is the case in Serpents.

Throughout man’s class we find a substantially similar con-
dition to that which exists in him. That 1s, we find a body
and a pair of cornua, and almost always a pair of cornicula,
but the proportions of these parts one to another, and their
degree of segmentation, vary.

F16 111.—~Hyoid of a Flying Fox (Pteropus), showing the much greater length
of the cormcula than of the cornua

b2, body of the hyoid , s/, cormculum divided into three segn.ents —stylo-hyal,
epi-hyal, and cerato-byal, 24, the cornua of the os hyoides, or thyro-hyal.

(From Flower's “ Osteology.”)

Thus the cornicula may abort altogether, as in some Apes.
Or they may be large, and represented by three distinct ossi-
fications, named respectively (from above downwards) séylo-
hyal, epi-hyal, and cerato-liyal, as is the case in the Flying Fox
and in the Dog. These cornicula are normally connected with
that process of the under surface of the petrous portion of the
temporal bone which has becn named the tympano-hyal.
The lowermost of these three picces may send out a process
and meet its fellow of the opposite side in front of the body
of the bone, as is the case in the Hyrax.

The cornua are more constant in the degree of their
development in Mammals. They may be of large size, as
in the Thylacine, but never present the segmented con-
dition we so often find existing in the cornicula. They are
g/tlzrhaps at about their maximum of relative size among

ammals, in the Horse.
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The body of the hyoid may be in quite a rudimentary con-
dition, as in the Sheep, or swollen and inflated to an enor-
mous relative size, as in the Howling Monkey. It may
develop in front a long, median, projecting process, termed
a glosso-kyal, as in the Horse, which in man is only rcpre-
sented by the vertical ridge on the anterior convex surface ot
the body of the os hyoides.

When we descend below man’s class we may find (e.. in
Birds) that the cornicula more or less abort, while the cornua
are very long and slender. A glosso-hyal may not only
extend forwards from the basi-hyal, but another azygos
median part (the wro-Zyal) may extend backwards from the
basi-hyal.

A most unexpected condition may exist, as we sce by the
‘Woodpeckers, in which both the clongated cornua curve over
the back part of the cranium, and are together mnserted just
above and behind the right nostril !

In Reptiles we may (as in the Crocodiles) find a car-
tilaginous body together with one pair
of cartilaginous cornua, and these not
jomimng the skull. But gencrally both
cornua and cornicula are developed, and
may be large and complex, as in the truc
Lizards, and the glosso-hyal may Dbe
cnormous, as mn the Chameleon. When,
however, we descend to the class Batra-
chia we begin to perceive the full signi-
ficance of the hyoidean cornua, and this
by means of the transformation under-
gone by the Frog in its passage from
its larval (and fish-like) state as a tad-

e<u / pole to its adult condition.
Fio. 112 —HyoIb o1 A In the fully-developed state the os
LaZARD — Lacwor fie. hyoides of the Frog consists of a body
(After Crener ) with a pair of cornua and a pair of corni-

o, body of the hyoid: cula. But the process of development
;;mf,‘;"_“c“,'“m loso.  Shows that the pair of cornua are the last
a; gh, glosso- . by "

hyal, %, uro-hyal. rudiments and relics of those cartilagi-
nous arches which exist on each side of

the neck,in the larva and support the gills.
These cartilaginous gill-arches of the tadpole evidently
answer to the great cartilaginous branchial (or gill) arches ™
of the Sharks, and to the bony branclual arches of the osseous

* For further details concerning these arches see Lesson XII.
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Fishes. These branchial arches extend on each side of the
throat upwards towards the spine; and support the gills on
their inner sides. Other cartilaginous arches which were
spoken of in the Second Lesson as existing in the Lamprey
and some Sharks, may support the outer sides of the gills.
The branchial arches become successively smaller posteriorly,
or as we recede from the head. Thus we see what numerous
Jarge and important parts of the lowest Vertebrates are rudi-
mentarily represented by the human hyoidean cornua.

)
® 7/5 m7/\‘\

Fi. 113 ~—Diagram of the Chaiges undergone by the Hyoid in a Frog in passing
from the Tadpole stage to the adult condition.

(Constructed from Parker's Memoir).

Uppermost left-hand figure, the yonil‘ngcsl condition ; lowest right-hand figure,

the adult.

%, the hyoidean arch, ultimately the cormiculum ; b*—b#, the four branchial
arches which become gradually atrophied, the cornua (or thyro-hyal), #% being
their representative in the adult, &, another branchial rudiment ; 4%, the
body of the hyod.

The cornicula represent only the so-called hyoidean arch
—namely, that arch in Fishes which comes behind the lower
jaw and In front of the branchial arches.

We have seen that in man's own class this arch may con-
sist of several distinct bones, that is to say, of a tympano-
hyal, a stylo-hyal, an epi-hyal, and a cerato-hyal, though in
man himself the epi-hyal is only represented by ligament.
It is, therefore, less surprising that in the lowest vertebrate
class this arch should be large and complex with bony
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appendages (termed éranchiostegal rays) diverging from the
large cerato-hyals. . .
The body of the hyoid is small in Fishes, and excessively

FiG 114.—LEFT BRANCHIAL ARCHES OF PErcH. (After Cuvier.)

3, glosso-hyal; 2, 3, and 4, basi-branchials ; 5, hypo-branchials; 6, cerato-bran-
chials , 7, epi-branchials , 8, styliform pharyngo branchial ; g, pharyngo-bran-
chials, 6", inferior pharyngeal hone , o and ¢”, supenor pharyngeal bones .
5. 6, 7, and 8, first branchial arch , 5,6, 7', and 9, second branchial arch , 5",
6", 7, and ¢, third branctual arch, s”, 6", and 7", fourth branchial arch,
6", fifth branchial arch

so when compared with the enormous increase in size and
complexity of the cornua and cornicula,

FI1G 115.—SIDE ViEW OF THE CARTILAGINOUS SKELETON OF THE HEAD oF
A SHARK,

This shows the successive arches except the first pair, or frabecule cranu,

which form the base of the skull in front of the pituitary fossa.

277, pterygo-palatine, or second arch : m, mandibular, o1 third arch, £, hyodean,
or fourth arch (the corniculum, stylo hyod ligament, styloid process, &c., of
man). From behind it the branchiostegal rays are seen extending backwards
6" to 65, the branchial arches forming the fifth, wixth, seventh, eighth, and
ninth arches of the skull.

(From the College of Surgeons Museum.)

A glosso-hyal and a uro-hyal, however, may exist, as we
see in the Cod.
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33. Those. CONNEXIONS OF THE BONES of the skull one
with another which take place in man are not all constant
in Vertebrates generally, as we have already seen. Certain

« unions, however, are absolutely constant and invariable, as
that of the basi-occipital and basi-sphenoid—the pre-sphenoid
and basi-sphenoid—the parietal and occipital—the maxillary
and jugal, when the last-mentioned bone is present.

Several exceptional connexions have been alrecady given.

In the skull of many Vertebrates vacuities often exist where
bone is present in man—tracts osseous in him being repre-
sented by mempbrane only. Anexample of such defect is seen
in that region of the skull of Lizards (¢.g. Iguana) which cor-
responds with the wings of the sphenoid of the human skull.

The transitory fontanelle’ of man is permanent in some
animals, as e.g. certain Sharks, where the cranmum is to a
large extent roofed by membrane instead of by bone or
cartilage.

The excessively dentated condition of certain sutures in
man is exceptional, ncvertheless not unparalleled. We may
somctimes (¢.g. in the Gorilla) find sutures cven more
complex.

The persistence of the sutures in man is less than in
many animals, and also greater than in many. Thus we may
find, as in Fishcs and Reptiles, a variety of bones distinet
which in him are united. "We may, on the other hand, as in
Birds, find a number of bones united which in him are
distinct.

One suture, however, which, as has been mentioned, almost
constantly persists in other forms than man, is not repre-
sented in him (except on the palate), even at birth. This is
the one between the maxilla and the pre-maxilla. Again,
the intimate union which exists in him betwcen the basi-
sphenoid and the pre-sphenoid is very far from persisting
even in his own class.

On the other hand, that distinctness which always obtains
in him bctween the petrous part of the temporal bone and
the occipital portion of the skull, is very early lost in the
Sauropsida.

The skull may present a much less compact mass than in
man s class.

Thus 1n Birds the elongated facial bones which go to form

! The fontanelle is a space on the crown of the head, which, in the new-born
infant, ildonly closed by fibrous structures, the parietals and frontals not having
yet joined.
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the upper beak, being thin and elastic, are more or less mov-
able on the rest of the skull, and in the Parrots even by a
joint. In Lizards the anterior part of the skull is also more or
less movable on the posterior part. In Fishes we meet with
an extreme mobility of the jaws (the mandible being sus-
pended by a chain of bones), as also in Serpents, in which
not only is each side of the lower jaw separately movable
and united at the symphysis by a very elastic ligament, but
each part of the upper jaw can also be advanced singly ; and
thus, by successively advancing one tooth-bearing part of
the jaw after another, these animals rather drag themselves
over their prey than swallow it.

34. The general conformation of the skull shows that
almost always the proportion borne by the jaws to the cranium
1s greater than in man; and often, as in the Stork, the Whale,
the Gavial, or the Sword-fish, it is the facial part which is
enormously predominant. Thus the skull may be extraordi-
narily elongated as compared with that of man, and tapering

" anteriorly, or it may be much broader in front than behind,
as in the Hammer-headed Shark. It may also be very elon-
ﬁated but cylindrical, as in Cenfefes. It may be strangely

attened, as in the Matamata Tortoise (Chelys), or it may be
singularly compressed from side to side, and high, as in the
fish Argeriosus.

Considering now the EXTERNAL SURFACE of the skull, the
superior region of man’s is very exceptional in its extent, its
smoothness, and its rotundity. Generally in man’s own class
a prominent sagittal ridge runs from in front backwards in the
line of the sagittal suture. This may be enormous, as in some
Seals and Carnivora, and even in the very Anthropoid Gorilla.
One of the most exceptional conditions which this region
may present is that exhibited by the Sperm Whale, or Cacha-
lot, where the cranium forms above, a great semicircular basin
for holding the spermaceti. In this and certain other animals
of the same order there is a want of symmetry in the skull
when looked at from above ; the two nostrils and pre-maxilla
being more or less unequally developed. This asymmetry is
carried much further in some of the true Fishes (namely, the
Pluronectide, eg. the Sole, Turbot, Flounder, &c.), where the
anterior part of the skull is extraordinarily twisted so as to
allow both the eyes to come to be on one side of the head.

Generally when the upper surface of the skull is looked at,
the anterior nares are more or less inconspicuous, and placed
in front. In certain animals, however, as the Elephant, the
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Sirenia, and the Cetacea, they look upwards, and open quite
on the superior aspect of the skull. ‘The same may be said
of those animals with a short proboscis, the Tapirs and the
$aiga Antelope.

The occiput may slope so forward that much more of it
may be seen (when the skull is viewed from above) than in
man, as 1s the case, e.g., in the Cape Mole (Chrysochloris),
the Elephant, and the Porpoise. 1t may, on the contrary,
be hidden by the projection of a large lambdoidal crest, as
in the Gorilla and Hyzna,

F1G. 115, —Uprer Vizw 07 11K SKULL 0F A Dout 21 (Delplunres globiceps)
Yfter Cuaner)

«s occipital condyles ; e, median ethmod 1n nasal fossz ; /, frontal, overlapped by
mx, maxilla : 2, nasal, p, parietal, driven down quite to the side of the shull’;
#m, pre-maxilla (here enormous), o, supra-occipital,

It is possible that this region may be in large part mem-
branous, as in some Rays.

On the contrary, great bony productions may cxist, as in
Ruminants ; either permanent bony cores sheathed with horn
as in the Ox, Goat, &c., or elsc bony developments (antlers)
which are annual in their growth and decay.

There may be four bony cores, as in the existing little four-
horned Antelope and in the great extinct S7vatheriun.

The roof of the cranium may falsely appear to be large and
smooth, as in the Turtle and in the Rodent Lophiomys. 1In
them the real skull is disguised by the outgiowth of bony
lamella, which, mecting together, arch over the temporal fossae,
and make the skull look capacious when it is not really so.

The inferior rezion is very rarely divisible into the three

K
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716G, 117.~Under Surface of the Cramum
of the Great Amnt-eater (Myrmecophaga
Jubata), §. SO, supra-occipital; BO, basi-
occipital; ExQ, exoccipital; 7y, tym-
pamc; P, pterygoid ; Sy, squamosal;
AS, ali-sphenoid; OS, orbito-sphenoid ;
M, malar; L, lachrymal; P/, palatine;
Mz, maxilla; PMx, Pre-maxilla.
(From Flower's * Osteology.”)

parts of which it is made
up in man, the anterior
margin of the occipital
foramen forming, in the
immense majority, part
of the posterior boundary
of the inferior region.

(1) The anterior part ot
the basis cranii of man is
in him very exceptionally
short, both compared
with the middle or gut-
tural part, and compared
with its own width. Its
relative length varies of
course with the prolonga-
tion of the muzzle. Only
in Mammals and Croco-
diles can it be defined,
as in man, by the bony
palate—formed as in him
by special developments
of the palatine and su-
perior maxillary bones.
Sometimes, as we have
seen, this part may be
augmented by the ptery-
goid bones also taking a
share in this structure,
as in the Great Ant-eater,
the Crocodiles, and Ce-
taceans.

It is possible, how-
ever, as in the Hare, for
the bony palate to be
very little developed, or,
as in the Hedgehog, to
be only imperfectly ossi-
fied. The form and pro-
gortion of its component

ones afford in Birds im-
portant characters for the
classification of different
groups.
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Essentially palatal structures, namely the pterygoid bones,
in forms below the mammalian class, generally connect the
palatine bones with the quadrate bone which suspends the
lewer jaw. The bony palate may be enriched by the addition
of a bone not known in Mammals (the os transversum), as is
the case in Reptiles; or of two extra bones (the ecto-pterygoid
and the ento-pterygoid) ; besides a third peculiar ossification
(the meta-pterygoid), as in bony Fishes.

(2) The middle, or guttural part, is a noteworthy one, both
on account of the physiological importance of the structures
which modify its composition, and also on account of the
value which 1ts various modifications possess for the purposes
of zoological classification,

Its condition in man is exceptional, both as regards the
large proportion it bears to the anterior part of the basis
cranii, and also as regards its small elongation antero-pos-
teriorly as compared with its breadth.

The variations presented as regards the mastoid and sty-
loid processes, the carotid foramina, alisphenoidal canals (for
the external carotid arteries), &c., have been already noticed
in speaking of the separate cranial bones, and need not here
be repeated.

Sometimes, as in the Crocodile and Great Ant-eater, this
guttural part of the basis crami is nearly concealed by the
immense extension of the palate. At other times, as in the
Horse, it is much exposed by the smallness of the backward
prolongation of the bony palate.

The pterygoid fossz are found only in man’s class, and by
no means always in it. Generally, as in the Dog, the pterygoid
bones are present, but the descending ecxternal pterygoid
process is absent; so that the pterygoid fossa want seemingly
their outer walls,

The pterygoids may be swollen out into bullate expansions,
as in the Mole and Sloths.

Very often, especially in the smaller Mammals, the part
answering more or less to the petrous part of the temporal
and to the meatus auditorius externus may be, as it were,
blown up into vesicular air-containing prominences, termed
auditory bulle.

The Eustachian tubes may unite to open into the mouth
by a median foramen, as in Birds, or may be utterly absent,
as in Fishes.

(3) The posterior part of the inferior region of man’s skull
is very exceptionally developed, owing to the advanced situa-

K 2
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tion of the foramen magnum. Nevertheless, its maximum
of development in Mammals is not found in him, but in the
little American Ape Chrysothriz.

In the great majority of instances the occiput is not visible
when the skull is looked at from beneath, or a projecting
lambdoidal ridge is seen in the place of the lambdoidal
suture. Occasionally, however (as in the Woodcock), the
occipital surface is largely visible, the foramen magnum
being situated far forwards.

A peculiar character may exist in the occiput, as can be
seen 1n the Indian Elephant, where there is a deep and sharp
double depression with a imedian, vertical ridge. This de-
pression curiously resembles that in which the cribriform
plate is placed in so many Mammals, the median ndge
reminding one of the crista galli. This occipital fossa is for
the reception of a strong ligament, which kelps to sustamn the
very weighty skull.

An anterior condyloid foramen may be entirely absent, as
in Fishes, in which class there is no distinct hypoglossal
nerve.

Great depending para-mastoid (or par-occipital) processes
mav replace the mastoids, as in the IHorse and the Capybara.

The anterior region of the skull of adult man presents an
appearance but very rarely approached by that of any brute.
Nevertheless, certain of the American Monkeys (e.g. Pithecia
and Nyctipithecus) present a close general resemblance,
which is also to be plainly scen in the young Chimpanzee,
and still better in the young Orang Utan.

Generally speaking, owing to the prolongation of the
muzzle, the skull is so much foreshortened when viewed in
front that 1its actual shape can be very little seen. The same
apparent distortion also occurs in extremely depressed or
compressed skulls.

Although the rounded frontal region of man is all but
peculiar to him, his superciliary projections are but rudiments
of what may be developed even in closely allied forms, as
we see in the Gorilla, the superciliary ridges of which are
cnormous. Very generally the orbital fosse are placed so
laterally that, unlike those of man, they are very little seen
when the skull is looked at in front. On the other hand, they
may approximate more closely than in him, as in many
Monkeys. As has been said in describing the superior
maxillary bone, the infra-orbital foramen may be replaced by
a great aperture, or by a number of small apertures. The
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bony cheek may, in man’s own class, offer defects of ossifica-
tion, as in the Hare, or enormous prominences enclosing a
chamber, as 1n the Paca, or great swollen tuberosities, as in
the Mandrill.

The anterior nares may be so high up as to approach the
summit of the skull, as we see in Cetacea. They may
present a very large aperture, as 1n the Tapir. They may be
widely separated one from the other in the middle line, as 15
the case in mosy animals below Mammals, but not 1 all, as
we see in Chelonians and Crocodiles, which have a median,
single nasal opening, as in man’s own class.

As regards the lateral regions of the skull of man :—

(1) The femporal part may be roofed over and hidden from
view by plate-like processes extending out from the adjacent
bones, and which, meeting, cnclose the temporal fossa and
muscle, giving the skull a fictitious appearance of great ca-
pacity. This is the case in the Turtle, the African Rodent
Lophiomys, and in the Frog Pelobates.

(2) The mastoid part can hardly with propriety be so
called in lower forms, where the mastoid process becomes
much smaller or aborts altogether.

The meatus auditorius externus may in the adults of very
high animals (¢.¢. the American Apes) be replaced by a wide,
nearly circular opening, as in the human skull at birth. The
same meatus may be directed much upwards and more or
less backwards, as in the Hare. No such part exists in the
skulls of Fishes.

(3) The zygomatic part may in man’s own class present
very considerable differences from the structure which exists
in him, and more considerable still in lower forms.

Thus a zygomatic arch may be wanting, as in Centeles, the
Ant-eaters, and A/anis. Both the anterior and posterior parts
of that arch may be well developed, and nevertheless may
fa1l to effect a junction, as is the case in the Sloths and their
extinct allies; or a junction may be formed by the help of a
process of the frontal, as in the Horse.

In forms below Mammalia (as e.g. in Birds, the Crocodile,
&c.) we often find a zygoma formed by the help of a bone
termed the guadrato-jugal, which connects the malar in front
of it with that bone which supports the lower jaw, and which
is termed the quadrate. Besides this zygomatic arch a second
and superior zygoma may exist (as in most Lizards and in
some Birds, e.g. the Macaw * Calyptorkynchus”), formed by
the union of the squamous or zygomatic element of the tem-
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poral bone with a bone termed the post-frontal, and which
more or less occupies the place of the post-frontal process of
the frontal bone of Mammals. .

A fundamentally different structure may obtain, as in Fishes,
where we have, as a rule, no malar; and where the more con-
spicuous represcntative of the temporal bone (exclusive of
the representatives of the petrous portion)is the pre-operculum,
—which may perhaps be said to replace a zygoma, extending
down as it docs to the quadrate bone which suspends the
lower jaw. The connexion of the quadrate bone, however,
with the maxillary bone is only effected by means of soft
structures, which must alone, therefore, represent the inferior
zygoma of the Sauropsida. The bones which connect the
quadrate with the upper jaw have relation not to the zygoma,
but to the palate.

Fic 118 —Stoe Virw oF A Birv's Skucn  (After Parker)

a, snrangular bone of mandible . 2, arucular bone ; &, dentary , f, frontals /,

malar; /, lachrymal ; see, median ethmoid ; 22x, maxillary bone; g, parietal ;

/£, post-frontal process, p¢, pterygod bone ; pr, pre-maxilla; g, quadrate
ne, ¢/, quadrato-jugal , s¢, squamosal, , vomer,

Returning to man’s own class, we find that the lateral region
is generally much more open than in him. The spheno-maxil-
lary fissure, for example, is defined by the projection outwards
of the alisL)henoid. Generally this projection is wanting ;
thercfore the orbit opens widely into the temporal fossa.
This fissure may, however, be more closed up than it is even
in man, as we see in certain Apes, and notably in the Howling
Monkeys. .

The pterygo-maxillary fissure may also become as it
were more or less opened out, and the spheng-maxillary fossa
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be plainly visible, instead of being hidden, as it is in man.
‘The five foramina of that fossa, viz. the rotundum, vidian,
pterygo-palatine, posterior palatine, and spheno-palatine, are
generally present in the Mammalian class, but with the open-
ing out of the fossa become more or less, and in different
degrees, separated from each other as compared with their
common juxtaposition in man. The spheno-palatine and
posterior palatine foramina may together be represented by a
single small opening, as in the Ornithorhynchus.

35. Before considering the INTERNAL SURFACE of the
cranium as treated of in Anthropotomy, it may be well to
note the relations and conditions presented by a vertical
longitudinal section of the entire skull, which are exceedingly
significant and instructive.

The basi-cranial axis of man forms an angle which approxi-
mates to a right angle with the basi-facial axis,

In Birds the angle may be as marked as in man, and the
human condition may be even much surpassed, as in the Wood-
cock, where the facial part is so extremely bent down that its
axis forms a very acute angle with the basi-cranial axis.

Now, in all the lowest Vertebrates these two axes are in one
straight line, as in Fishes, Batrachians, and most Reptiles ;
and cven in 'most Mammals the angle formed by them is
an exceedingly open one, approximating to 180°,

The importance, howcver, of this distinction is not really
so great as at first appears, for there are great differences
with regard to it between animals which are very nearly
allied. Thus the adult Chacma Baboon differs from his ally
the Mandrill in this respect almost as much as man differs
from the Gorilla ; and while the Deer has the two axes almost
on a line, in the Sheep and Ox they form a very marked angle.

The shortness of the basi-cranial axis in man when com-
parcd with the extreme length of the true brain cavity, is a
much more distinctive feature, as in all lower forms this axis is
very much longer. Thus, in the Sheep, the basi-cranial axis is
as long as the entire cerebral cavity, and in the lowest Verte-
brates (where the cerebral hemispheres form but a small part
of the brain) it very greatly exceeds it.

Similarly the angle formed by it with the plane of the occi-
pital foramen, which is so very open in man, contracts in lower
Vertebrates till it becomes a right angle ; and the same may
be said as to the olfactory angle, or that formed with the
basi-cranial axis by the plane of the cribriform plate, or
its morphological equivalent,
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In this way the peculiarly expanded condition of the
cerebral chamber of man may be appreciated Taking the
basi-cranial axis as a fixed line for comparison with other
animals, we see that in him (Fig. 91) the cerebral chamber
is of great vertical extent, at the same time that its anterior
portion is so expanded as to open out the olfactory angle
from 9o° to much beyond 180°, and to similarly open out the
occipital angle—circumstances in which man widely differs
from even the highest members of his class and even of his
order.

In the fact that the inside of the ar¢/ of the skull is marked
by depressions corresponding with the cerebral convolutions,*
man agrees with those members of his class which possess
such convolutions. For in that class the cranium closely
invests the brain, so that a cast of its cavity well exhibits the
general features of the cerebral surface. This character,
however, is by no means universal in the Vertebrates, for the
cerebral cavity does not contract with the lessening pro-
portions of the cranial nervous centres, there being (¢.g. in
Fishes) a large quantity of soft fatty substance interposed
between those centres and the cranial walls,

The cranial cavity in man overhangs the orbits, but does
not descend between them. This is a condition which
obtains very often, but by no means universally ; for that
cavity may be not only prolonged between the orbits, but
considerably beyond them. We find this in Serpents, in
Batrachians, and in many Fishes (¢.g. the Carp family), while
in Birds, Lizards, Crocodiles, and Chelonians the cranial
cavity suddenly contracts, and there is an interorbital septum
only. ’

The middle of the dome of the skull may be produced in-
wards as a median, longitudinal, bony plate by ossification of
the falx. This is the case e, in the Ornithorhynchus and
in the Sea Lion.

An ossified tentorium may exist, as in some Spider
Monkeys, in the Racoon, and others.

The ébase of the interior of the skull may present those
differences already noticed in describing the several cranial
bones. In man’s class it is divisible into the same three
fosse as in him. This division, however, is not similarly
marked in lower forms.

(1) The anterior fossa is relatively much less extensive in
man than it is in most animals. "Even in the Apes the

¥ For these see Lesson VIII,
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portion immediately above the cribriform plate forms a
more distinct chamber than exists in man. As we de-
scend through the mammalian class we often find it much
‘prolonged and of a large relative size, as in the Sheep, Pig,
and others, especially Marsupials, ¢.¢. the Thylacine, In some
forms, however, e.¢. the Dolphins, the olfactory fossa is quite
wanting. Great difference in this respect may exist in nearly

“lied forms—e.£. in the Ornithorhynchus and Echidna, in the
first of which the cribriform plate is very small and bird-like,
while in the second it is enormously large.

(2) The middle fossa is relatively larger in man than it
is in very many lower forms, but not in all, as we see by the
Dolphins. The foramina vary, as already noticed in de-
scribing the several cranial bones. Very often the foramen
rotundum and c¢phenoidal fissure may be blended in a single
opening, as in the Squirrel ; or the optic foramen may form
but one aperture with the sphenoidal fissure, as in the Stag
and Opossum ; or the two optic foramina may be united into
a single median foramen, as in the Hare.

The foramen ovale may be onc with the foramen lacerum
anterius, as in the Horse.

The optic foramina and sphenoidal fissures may together
be represented, on the nside of the skull, by a single opening,
as in the Swan ; and sometimes the optic foramen, sphenoidal
fissure, and foramen rotundum may be included in a common
aperture, as in the Booby.

The sella turcica may be as sharply limited in other forms
as in man. On the other hand, the pituitary fossa may be
altogether unmarked, as in Batrachians.

This fossa may dip down into a large canal running for-
wards and excavated 1n the basis crani, as in many Fishes,
e.g. the Pike. This singular cavity has the cartilaginous floor
of the skull for its roof, while the para-sphenoid bone encloses
it below.

(3) The posterior fossa may be much more sharply defined
than in man,as when a lamella of bone (consisting of an ossified
tentorium) is attached to the projecting border of the petrous
part of the temporal bone. The proportion borne by this
fossa to the middle one varies with the size and develop-
ment of the cerebellum which it shelters. Only in man
and a few Apes (notably the Squirrel Monkey, C/rysothrix)
can this fossa be said to form any considerable part of
the floor of the skull. The internal auditory foramen in
all man’s class and in Birds is placed as in him, and there
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is generally (as notably, ¢, in the Hare and Mole) also a
fossa for that process of the brain called the flocculus of the
cerebellum. .

In some Reptiles, however (as, e.g., the Turtle), the bony
investment of the internal ear is incomplete on its cranial
side; and in Fishes it is even widely open, forming a large
chamber communicating with the general cranial cavity, and
termed the “otocrane.”

36. That degree of completeness of THE ORBITS which
exists in man—serving for the protection of the eyeball by
extensions of the cranial bones—is a very exceptional condi-
tion. Only in him and in the higher members of his order
—that is, the Monkeys—do we find such an enclosure ; but
in some of them it may be more complete than it is in him,
by the junction of the greater wing of the sphenoid with the
upper maxillary bone, so that the spheno-maxillary fissure is
reduced to a short and rounded aperture, or even (as in the
Howling Monkeys) all but or quite obliterated.

The relative size of the orbits may be much greater than in
man, as e.g. in Indris, in the Night-Ape (Nyctipithecus), or
in the Tarsier. On the other hand, the orbits may be rela-
tively smaller than in man. ns in the Whales.

Fi6. 119 —Front View of the Skull of the Lemuroid Indris Laniger; showing
the lrge size of the orbuts, which are also shown to open widely behind into
the temporal fossa.

They may be much more widely separated from each
other in proportion to their size and the size of the skull, as
in the Dog and most Mammals. On the other hand, they
may be much more approximated, as in the Tarsier and in
the Squirrel Monkey (Chrysothrix), where they are in part
separated by membrane onf; In a great number of animals,
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as Birds and many Reptiles, they are only divided from each
other by a thin interorbital septum, made up of bone or carti-

. lage or membrane. They may, on the contrary, be so widely
separated (as in the Hammer-headed Shark) that the cranium
is much broader betwcen them than it is anywhere else.

Although it is peculiar to man’s order to have the orbit
enclosed as in him, yet there are other creatures which have
the orbit protected by a bony rim, as is the case in Ruminants
(e.g. the Sheep), in the Crocodiles and Turtles, some Lizards,
and some Frogs. This enclosure is effected by the junction
of the malar with the true frontal bone in Mammals, except
in the Horse, where the zygomatic process of the tem-
poral bone intervenes) or with a post-frontal bone. In many
fishes, however, the orbit 1s bounded inferiorly by a chain of
skinbones (dermal ossiclet), the suborbital bones, which seem
to be serial repctitions of the lachrymal; and in some
Birds (c.g. the Woodcock and the Macaw, Calyplorkyncus)
there is an analogous formation, and the orbits arc completely
encircled by bone.

In the immense majority of man’s class, however, the orbit
is not even encircled by bone, and 1ts separation from the
temporal fossa is not in many even marked by a post-orbital

rocess of the frontal. The lachrymal foramen (which cxists
in most terrestrial forms) need not open within the orbit, but
may be, as in Lemurs, upon the cheek.

The orbits may be continucd backwards (as in many osseous
Fishes, e.¢. the Pike) into a prolonged conical canal situate
beneath the cerebral cavity, and protected inferiorly by the
para-sphenoid.

In the possession of nasal fosse limited and defined by
osseous structures man agrees with the whole of the Vertebrata
above Fishes, except the very lowest of the Batrachians.

In the possession of two ruch fosse separated by a wide
or narrow septum, and separated from the mouth by an
osseous plate, so that they open posteriorly only into the
pharynx,' man agrees with all the members of his class, and
with the Crocodiles also.

The sheltering of spongy bones (or turbinals) is a character
which the nasal foss possess in almost all Mammals, though
such parts may be entirely wanting, as in the Dolphins.
These spongy bones may be represented only by cartilagi-
nous structures, as we find in the classes Reptilia and
Batrachia,

¥ For the pharynx see |
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The floor of these fossa may, instead of forming with the
basi-cranial axis an angle opening downwards (as in man,
the Hare, and Shéep), be parallel with it (as in the Dog), or .
form an obtuse angle opening upwards, as in the Elephant,
or even a slightly acute angle, as in the Dolphins.

The nares are exceptionally high in proportion to their
length in man. Their length may be enormous, as in the
Great Ant-eater and Crocodile, where pterygoid plates follow
behind the palatine bones and so prolong the bony palate.

The nares, on the contrary, are in most Vertcbrates
much shorter than in Mammals ; for there are no palatal

lates to prolong the fosse backwards, and their posterior
Eorder is formed by the palate bones. Thus the posterior
nares in such animals (c.g. Birds, Lizards, Frogs) answer
rather to the middle portion of the human nasal fosse.

The bones which forin the anterior and posterior boun-
daries of the nasal passage have been already described, as
also the asymmetrical form of the anterior nares in the
Cetacca.

The median division of the fossx, or septum narium, need
not be partly osseous and partly cartilaginous, as 1t 1s 1n man,
It may be quite unossitied, as in Chelomans and Serpents, or
it may be ossified to the ends of the nasals, as in certain
extinct species of Rhinoceros and in some Dolphins and
Seals (c.g. the species Leonena), and in one species of Tapir,
where ossification advances even in front of the nasals. The
septum may be ossified continuously with the lesser wings of
the sphenoid, as in the Frog, where it forms the middle part
of the os en ceinture. )

As to the frontal, sphenoidal, and maxillary sinuscs, it is a
gencral character of air-breathing Vertebrates to have some
or other part of the cranial bones furnished with cavities
containing air. In this respect, therefore, man is no excep-
tion to the rule, and indeed he occupies an intermcdiate
position, as cranial air-cells may be more restricted or much
more developed than they are in him, and this not only as
regards the relative size of the air-cavities, but also as regards
the number of cranial bones so inflated.

The frontal sinuses (which are not constant in man, heing
absent at least in some Australian skulls) may be much less
or more developed than in him in members of his own order,
¢.g. in different Apes. In hollow-horned Ruminants they may
extend into the substance of the horns, or backwards into the
parietals and supra-occipital. The latter condition exists in
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the Hog, but attains its maximum of" development in the

Elephant, where air-cavities extend even into the nasal bones;

and the vertical section of the area of the cranial sinuses
» exceeds, in the adult, that of the craniul cavity itself,

F1G 120 —A section of the Cranium of a full-grown African Elephant, taken to
the left of a muddle lhne, and ncluding the vomer (/70), and the mesethmond
(M E): an, anterior, and px, posterior nanal aperture, .

‘This section shows the enormous thickness of the skull wall, and the prodigions
development of air-cells in the frontal above and n front of the cerebral cavity,
aud above and betund the antetior narcs, ax.

(From Flower's ** Osteology.”)

In Birds also they may be well developed, while, on the
contrary, an extraordinarily dense [ﬁrojection of bone may
take place from the frontals, as in the Cassowary. Frontal
sinuses may be entirely wanting, as in many Mammals and
Reptiles, and as in the Frog, and this though other cranial
elements have large air-cavities, as in the Crocodile.

The sphenoidal sinuses may be much less developed than
in man, as is the case in common Monkeys and many Mam-
mals, e.¢. the Sheep and Manatee. They may, however, be
very greatly developed and extend into the median plate of
the ethmoid, as in the Elcphant. Simularly, in oviparous
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Vertebrates, they may be largely developed, as in many
girds, ¢.g. the Ostrich; or absent, as in Serpents, e.g. the
thon.

yThe maxillary sinus in man is also in a medium state of
development. In very many forms the maxillary bone is
solid ; though, in the Elephant, not only the maxilla has air-
cells, but the pre-maxilla also. In the New World Rodent,
the Paca, the maxillary bone contains a large cavity which
communicates with that of the mouth even in the lving
animal. In the Hare the external surface of the bone is but
imperfectly ossified.

As has been said, other bones may become inflated with
air which are not so in man. This, as we have seen, is the
case with the median plate of the ethmoid, with the nasals,
and with the pre-maxilla in the Elephant, and with the paric-
tals and supra-occipitals in the Hog. The pterygoids may
become adapted to form air-cavities, as in the Dolphins, the
Mole, and some Sloths, and in old Gavials. The greater
wings of the sphenoid may be similarly dilated, as in some
Insectivora (e.g. Centetes) and Marsupials (e.g. Hypsiprymunus).

The mastoidal cells of man are very commonly replaced
by large inflations of the tympanic or inferior petrous portions
of the temporal bone. The postero-external portion of the
skull may be very largely inflated in this way, as in Macro-
scelides, forming a great mastoidal bulla ; and even the angular
part of the lower jaw may be inflated with air, its cells being
placed in communication with those of the tympanic region
by a special tube, as in the Crocodile.

The lachrymal bone may also be inflated and form an
orbital bulla,as in almost all Ruminants, especially the Giraffe.

The upper jawbones may be extraordinanly expanded and
filled with delicate osseous air-holding cells, as in the beak ot
the Toucan.

The process of DEVELOPMENT of the human skull, which has
been before noticed, is of very high zootomical interest, as
its transitory stages present very interesting resemblances to
the permanent cranial structures of very different animals.

Inasmuch as we find in the first indication of the embryo
an indication of the spinal system which is to be, but none of
the skull, we are reminded of the headless condition of that
lowest of Vertebrates, the Amphioxus or Lancelet,

In that early cartilaginous condition of the cranium in

-which we have a cartilaginous mass enclosing the anterior
termination of the notochord in the middle, and an auditory
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capsule on each side of it, we are reminded of the permanent
condition of the skull in the Lamprey.

In that the trabeculee cranii first diverge and then con-
werge, meet, and so enclose what becomes the pituitary space,
we find a temporary condition of which large traces remain
even in adult Ophidians, where the cartilaginous trabecule
persist as two rods, one on each side of the para-sphenoid.

e

FI16. 121.—THE SKULL, ANTERIOR PAKT 0i SrinAL COLUMN, AND BRAN-
CHIAL BASKET OF THE LAMPREY,
(From Miller and Owen )

w, auditory capsule; 8, cartilagi basket, cc d above with the side of
the vertebral column, with seven cum;l)lcte and descending arches united by
transverse bands (between which the gill-openings are seen) and sheltering the
heart and pericardium at the part where the letter 4 is placed; ¢, ethmo-
vomerine cartilage ; 4, rudiment of the hyoid ; », neural arches, 2, palato-
quadrate (or pterygo-palatine) arch, the hinder pier of which represents the
suspensorium, though there is no lower jaw,

Before the development of the third visceral arch we have
the permanent condition of the Lamprey, which is always
destitute of a mandible ; and when, in man, the visceral arches
successively arise, we have transitorily represented the piscine
condition, where the solid axes of seven or more such arches
form the mandible, the hyoidean arch, and the successive
branchial or gill-bearing arches.

In the development of the palatal, or second visceral arch,
there is sketched out a condition permanent in Sharks, where
the lower jaws Bite against a cartilaginous pterygo-palatine
arcade which takes the place of an as yet undeveloped bony
upper jaw. This condition is essentially similar to the struc-
ture of the Sturgeon, where a comparatively minute pair ot
jaws (mandibular and pterygo-palatine respectively) are
suspended at the end of a disproportionately large suspen-
sorial structure.

In that stage of the human skull which precedes ossification
we have a reminder of the exclusively cartilaginous structure
of certain Fishes.

In the distinct ossific origin of the elements of the petrous
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and mastoidal portions of the temporal bone we have a
transitory representation of the permanent conditions of the
same parts in the osseous Fishes.

In the distinct osseous origins of the wings of the sphenoid,
of the basi-occipital and basi-sphenoid, and of the lateral
parts of the occipital bone, there is exhibited a tesemblance
to the permanent condition of those parts as they exist in
many animals, as has been already noticed.

T

Fio 122 ~Sive View of 1BE CARYITAGINOUS SKFLETON oF THE HeAp OF
A SHARK

This shows the successive arches except the first pair, or frabecwl@ crans:, which
form the base of the skull in front of the pituitary fossa.

#g, pterygo-palatine, or second arch ; »z, mandibular, or third arch ; 4, hyoidean,
or fourth arch (the cprniculum, stylo-hyoid hgament, styloid process, &c . ot
man) _From belund it the branchio.tegal ravs are seen extending backwards,
6 to 65, the branchial arches formuing the fifth, sixth, seventh, eighth, and
ninth arches of the skuil,

The same remark ‘applies to the other parts which, at first
distinct, ultinately coalesce, suth as the portions of the
cthmoid, the uppet maxillary bones, the pterygoid processes,
and the squamous element of the temporal bone.

Finally, that exceptional anchylosis which occasionally
takes place in aged skulls recalls to us that union of the
cranial elements which in some Vertebrates, as in Birds, is so
much more complete than is normally the case with the bones
constituting the human cranium.

The consideration of the relations existing between Meckel’s
cartilage and the summut of the hyeidean arch in man with
the suspensorial and mandibular structures of lower Verte-
brates, must be deferred until the internal ear is treated of,
and we come to examine the essential nature of its auditory

®

ossicles. . .
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LESSON 1V,
THE SKELETON OF T/HE UPPER LIMB.

1. THE bones of man’s upper limb are divisible into three
categories : A. Those of the shoulder ; B. Those of the arm ;
and C. Those of the hand.

A. Those of the shoulder are the blade-bone, called the
scapula, and the collar-bone, called the clavicle.

B. Those of the arm are subdivisible into (@) the upper
arm, and () the fare-arm.

() In the upper arm there is but a single bone, called the
humerus. '

(6) In the fore-arm there are two long bones placed side
by side, and called the 7radzus and the u/na.

C. Those of the hand are divisible into the bones of the
wrist (or the carpus?), thosc of the middle, solid part of the
hand, called the mefacarpus? and those of the fingers (or
digits), which are called phaianges.

2. ThesCAPULA is a flat, triangular bone, with three borders
and two suifaces. One of these surfaces is applied against
the ribs, and is concave. It is called the subscapular fossa.
The shortest of its three borders is uppermost.

The other (dorsal or outer) surface is divided obliquely
into two uncqual parts by a prominent ndge, called the
“spine,” on which account the part above the ridge is termed
the supra-spinous fossa, and the part below it the infra-
spinous fossa,

This spine becomes gradually more prominent from the
vertebral border of the scapula, while at its outer end it
expands into a large freely projecting process termed the

¥ Clavss, a key. . # From xapmdg, the wrist.
rom uevd, after, and xapndg. 4 diAark, anything set in array,
1
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acromion,® which is flattened in an opposite direction from
that in which the scapular spine is flattened.

The superior and shortest border of the scapula exhibits
a deep notch, which is converted into a foramen by means
of aligament. In front of this notch rises a strongly pro-
jecting curved process, called from its beak-like shape the
coracord.?

Fi1c 123 —OuTER OR DogsaL VIEW OF 1HE RIGHT Scaruta oF Man.

a', superior angle, &%, inferior angle : ac, acromon ; ax, axillary border, ¢,
coracoid ; g, margn of glenoid surface ; 15, fra-spinous fossa ; », neck and
supra-scapular notch, in superior border , s, spine, ss, supra-spinous fossa , »,
vertebral margin.

The hinder border is the longest. It is called the vertebral
border, because it is ncarest to the backbone.

The third border (called the axi/lary border) ascends
obliquely from the lower end of the vertebral border to a
rounded, concave, shallow, articular surface, called the
glenoid 3 cavity (into which the head of the upper-arm bone
ts received), and which is overhung within and in front by
the coracoid process on its internal side, while the acromion
overhangs it externally and behind. The part which sup-
ports the glenoid surface is termed the neck.

The superior and vertebral borders mect in a sharp superior
angle, while at the junction of the axillary and vertebral
borders is a flattened spacc for the insertion of a muscle
called the teres major.

The coracoid and acromion arise from distinct centres of

* From axpog, a summit, and dipog, the shoulder.
2 From xépaé, a crow, and efdog, form.
3 From yAfwn, a superfiaal cavity,
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ossification. The coracoid ossification contributes to form
the glenoid cavity.

3. The CLAVICLE is a long cylindrical bone with a slightly
-sigmoid curvature, placed transversely on each side of the
neck and connecting the acromion with the manubrium of
the sternum. Its outer end, in childhood, bears a cartilage,
termed the meso-scapular cartilage (which ultimately ossifies),
and is connected with the acromion by a synovial joint. The
inner end has a distinct centre of ossification (as an epiphysis),
and unites with the sternum by
a joint in which is interposed a
fibro-cartilage (the omosterrnum)
having a synovial membrane on
each side of it. The clavicle is
connected with the coracoid by
ligament only.

4. The HUMERUS (o5 /umers)
is the largest and longest bone
of the upper limb, and extends
from the shoulder to the elbow-
joint. It is imperfectly cylindri-
cal, with an expansion at each
end. We may consider it in the
position in which it is placed
when the arm is dependent and
the palm turned forwards.

The cylindrical part (or shaft)
has its anterior surface marked
above by a longitudinal depres-
sion, termed the bicipital groove,
because it lodges the tendon of )
a muscle called the Biceps. Fig, 124 —Ewont View or Tur
Below and external to this is a | . & o o
roughened elevated tract for the ™ giar: o, Sxiernal condyle s g,

insertion of the deltoid muscle. greadt, rox;1 r?]dlal tuberosity : k.l

e ead of the humerus ., ¢, Internal

Th.e lower Pan of the shaft condyle: /4, cap'ltell'um; 2,

has its anterior surfacc sepa- lesser or ulnar tuberosity; &
rated from the posterior surface trochlea.

by two lines (or ridges), one on
each side, which become well marked as they approach the
lower end of the bone. The outer of these two ridges is
termed the supinator, or external condyloid, ridgc (for reasons
which will appear), while the inner one is named the internal
condyloid, or pronator ridge.

L2
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The hinder surface of the shaft presents an oblique groove
(called musculo-spiral), passing from above downwards.

The upper end of the humerus shows a largeyrounded head,
covered, when fresh, with cartilage and articulated to the.
glenoid surface of the scapula by a synovial joint, while a
fibrous bag (or capsular ligament) invests the whole articu-
lation.

The head is placed, not on the middle of the summit, but
on its inner and hinder aspect, so that its axis does not coin-
cide with that of the shaft.

A little below and on the outer side of the head are two
blunt prominences. One of these, termed the greaZer (or
radial) fuberosity, is on the outer side of the summit of the
bicipital groove. The other is called the Zesser (or ulnar)
tuberosity, and is placed on the inner side of the bicipital
groove.

The lower end of the humerus expands considerably,
having a lateral prominence, termed a condyle, on each side,
but the internal condyle projects further inwards than does
the external condyle outwards.

Between these projections is placed the lower articular
surface of the humerus for the bones of the fore-arm.

This articular surface is irregularly concave and convex.
At its outer part is arounded prominence, called the capitellium,
which joins the outer bone of the fore-arm orradius. Internal
to this is a pulley-like surface (the #7ocklea), which joins the
inner bone of the fore-arm or ulna. There is a deep cavity
in front of the humerus immediately above the trochlea.
This is called the coronoid fossa, because it receives the
coronoid process of the ulna.

Therc is another fossa, also above the trochlea, but on the
hinder surface of the humerus. This is called the olecranal
fossa, from the part of the ulna which it receives when the
arm is $traightened. Sometimes a perforation connects
together these two fossee.

The ends and processes of the humerus ossify scparately
as epiphyses, and coalesce at about the twenticth year.

5. The RADIUS is also a long cylindrical bone, expanded
more or less at each end and flattened in front, 7.¢. when the
arm is dependent and the palm turned forwards.

Towards its upper end the bone, just above a roughened
prominence—the  tuberosity” —is narrowed into what is
called the neck, from which rises the 4ead, concave above
and articulating by a synovial joint with the capitellum
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of the humerus, while by a similar joint its margin plays
into a concavity on the adjacent surface of the ulna,

At its lower end the radius becomes much broadened out,
and its posterior surface is grooved for the passage of tendons,
Its outer side is prolonged into what is called the styloid
Erocess. The lower end of the bone articulates with the wrist

y a concave surface mainly supporting the hand, which is
carried round with the radius in pronation and supination.

These motions have been explained in the Seventh Lesson
of “ Physiology,” and are pro- ’
duced by a rotation of the radius
on the capitellum.

When the arm and hand hang
down, the palm being directed
forwards, the position is that of
supination, and the bones of the
fore-arm are situate side by side.

When the arm and hand hang
downwards, but the dac% of the
hand is turned forwards, the po-
sition is that of pronation, and
the radius crosses over the ulna.

When we rest on the hands
and knees, with the palms to
the ground, the fore-arms are in
pronation.

6. The ULNA is larger than
the radius, and while the latter
is broader below than above, the
reverse condition obtains in the
ulna, The shaft is flattened in
front, with a sharp outer (Or Fic 1:5.—Fron1View or Man's

radial) margin, to which an inter- RicHT Rapivs AND ULNa.
osscous membrane is attached = Tt?c Iltadil;s: ltl, }dhe head; ¢,
H - 1 tubercle ; s/, styloid process.
which connects the ulna with  “picei o V0 BIOEs .
the shaft of the radius. ;es;.gx, greater‘isigmoid cavity ;
S s, lesser sigmoid cavity ; o, ole-
Its upper end presents a deep Pl ol phn A

concavity for articulation (by a
hinge joint) with the trochlea of
the humerus. This fossa is called, from its shape, the greas
sigmoid cavity,* and is divided unequally by a vertical ridge
which extends between the two processes which bound the
fossa above and below respectively.

* From £ and el3og.
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The lower process is called the coromoid,}* and is received
into the corresponding fossa on the front of the humerus.

The higher and much larger process is termed the ole-,
cranon,® and fits into the olecranal cavity on the back of
the humerus.

The olecranon forms the prominence of the elbow, and
terminates in a rough tuberosity.

On the outer side of the coronoid processis a small articular
surface, called the lesser sigmoid cawvity, for the border of the
head of the radius, which turns upon it.

The lower end of the ulna has two cmincences. The ex-
ternal or radial one, called the 4ead, is much the larger, and
presents two articular surfaces. One of these is nearly
circula1, and articulates with the wrist ; the other, narrow and
convex, articulates with a concavity on the adjacent surface
of the radius.

F1G. 126.—~ANTZRIOR (PALMAR) SURFACE OF THE SKELETON oF MAN's HAND.

¢, cuneiforme ; , lunare , 2, magnum ; "', metacarpal of thumb ; #”—m5, meta-
carpals of the four fingers; 2, pisiforme : P, first phalanx of the thumb and
four fingers—:.e. of the five “‘digits ;” P4 second phalanx of the five digits
3, third, or ungual phalanx ; sc, scaphoides , #, trap ; ¢z, trapezoid
#, unciforme.

]

The internal eminence is called the s¢yloid process, and does
not directly articulate with the wrist, -

X Kopwwn, the top of a curve
# From @\evn, elbow, and xpdvoy, head.
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7. The CARPUS consists of eight small bones arranged in
two transverse series,

The bones of the upper, or proximal row, are: (1) the
Scaphoides* (or scaphoid bone) ; (2) the /unare (or semi-lunar
bone) ; (3) the cunezforme (or wedge-shaped bone) ; and (4) the
pisiforme (or peca-shaped bonc).

The first two together form an upper convex surface which
fits into the distal articular cup of the radius.

The pisiforme stands out freely, and 1s rather a supple-
mentary ossification of a tendon (a kind of extra ossification
often occurring in different places) than a true bone of the
wrist. [t 1s a small bone.

The boncs of the lower, or distal row, arc : (1) the Zrapezium ;
(2) the frapezoides ; (3) the magnum; (4) the unciforme.

These bones together form an undulating upper articular
surface, there being a concavity on the radial side to receive
a prominence of the scaphoid, and in the middle a strong-
convexity fitting into the cup formed by the distal sufraces
of the three radial (or outer) carpals of the proximal row.

Distally, the second row of carpals presents varied surfaces
for the rcception of the proximal ends of the bones of the
middle, solid, part of the hand (thc metacarpus), which are
called metacarpals. :

The magnum is the largest bone of the distal series, while
the unciforme articulates with and supports two metacarpals,
namely, the fourth and fifth.

The trapezium presents a saddle-shaped surface to the first
metacarpal, being concave in one direction and convex in
another.

8. The METACARPALS arc five elongated bones, each witha
rounded head and a base moulded to suit the surface of the
adjoining part of the carpus.

The first metacarpal (that of the thumb) is shorter, than the
others, and differs from them by its mode of ossification, its
cpipflysis being situate only »t its proximal end, while in
each of the other metacarpals theic is an epiphysis at the
distal end only.

The proximal surface of the first metacarpal is decply
concave, to suit the saddle-shaped surface of the trapezium—
its support. !

9. The thumb and four FINGERS are called “digits” in-
zootomy, each having a further distinguishing name.

Thus the fust digit, or thumb, is termed the gollex. '

2
! From oxagr, a boat.
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The second is the index.

The third is the “ mddle digit.”

The fourth, the “ring digit.”

The fifth the “ little digit.”

. Each digit consists of three rather elongated bones, termed
phalanges, except the pollex, which has but two.

Each phalanx (like the metacarpals) ossifies by an cpiphysis,
which is situated at its proximal end.

In each digit the phalanges become successively shorter
and smaller, the third phalanx (or in the pollex the second)
being very much smaller than the preceding one, but each
being a little expanded at its apex to support the nail.

" 10. Extending one’s view to OTHER ANIMALS, it may be
remarked that man, inasmuch as he possesses limb-bones, re-
sembles the great majority of Vertebrates. Still, a vertebrate
animal may exist without himbs, as we see not only in the
Lancelet, but also in the Lamprey, and even in most Serpents.

In that man has a pair of upper (or thoracic) and lower
{or pelvic) extremities, he again agrees with most of his sub-
kingdom. Still, there are many species which only posscss a
thoracic pair fully developed, as Cetaceans; or only one pair
at all, as the Siren.

In the construction of the skeleton of the arm and hand,
man follows a rule which 1s universal in so far as the arm-
bones are attached to and suspended from a scapula which
forms (together with the clavicle when this exists) the root-
portion of the limb. For though the root portion may be
present without its arm-bones or distal appendages (as in
Anguis and others), yet the distal parts are never present
when the limb-root is entirely absent.

Man agrees with the vast majority of Vertebrates in that
this limb-root cousists of solid parts (scapula and clavicle)
destitute bf any direct union with the spine. The limb-root,
however, may form a solid girdle, articulated above with
the spinous element of the vertebral column, which element
alone interrupts the continuity of the solid zone. This
is the case, ¢.2.,, in Raia clavata. The upper ends of the
girdle may not only meet, but overlap, though remaining
detached from the spine. This is the case, ¢.¢., in the Toad
Dactylethra. The shoulder-girdle may be completed superiorly
by being attached to the head through special, interposed
bones—the supra-clavicle and posttemporal. This is the
case in most osseous fishes, ¢.g. Perch and Cod.
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The bones of the superior extremity of man are of medium
development as to numbers, for they may be more numerous
(though rarely much so), or less numerous, since we may
select a series of forms in which the number gradually
diminishes to zero.

FIG. 127.—FRONT VIEW OF SCAPULAR, OR SHOULDER, GIRDLE OF THE SKA FE—
Rawa clavata (After Parker )
This figure shows how in this animal the shoulder girdle abuts against each side
of the vertebral column.
¢, coracoid element; ec, epicoracoid el 5 S, s 1 ; ss, supra-
scapular; wz, vertebral column cut across _vertlcaﬁy and transversely, and
showing the canal for the spinal marrow in its midst.

11. The SCAPULA of man agrees in the essentials of its
composition with that of every species of his class except the
Monotremes. It agrees, that is, in having the coracoid pro-
cess annexed to it as a mere process ending freely, and not,
as in the Monotremes and in most lower Vertebrates, where
the coracoid is a distinct and largely developed bone, ex-
tending down to the sternum.

F1G. 128. — SHOULDER GIRDLE OF A BIrD (DiveR). (ASf2er Parker)

¢, right coracoid (ts lower end abuts agamst the sternum—here removed,.
¢/, the clavicles (merrythought), s, the nght scapula—the rounded glenoid
surface 1s indicated 1 the scapula just where 1t juins the coracoid.

Man’s scapula, apart from this process, is, as we have seen,
flat and triangular—a sha%e which, though common, is by
no means universal in the Vertebrata.

Thus, ¢.¢., in Birds we find the scapula to consist of a long,
narrow, more or less sabre-shaped bone, though not quite

always so, as it becomes considerably broadened out in the
Penguin.
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Even in man’s own class the scapula may become much
narrowed, as in the Dog; or extremely so, as in the Shrew,
and still more so in the Mole. ,

The scapula is entirely osseous in the adult in man, who in
this respcct agrees with most Mammals and with Birds,
but in the majority of lower Vertebrates above Fishes, and in
the Ungulata amongst Mammals, the part answering to the
posterior border of man’s scapula remains permanently, or
for a very long time, cartilaginous. In harmony with this
condition, we find that the basc of the scapula in man long
remains a scparatc epiphysis. This part may be quite
distinct, as is the casc in the Toad and some Fishes, ¢.g. the
Sturgeon and Raia clavala, where it bears the name of
supra-scapula,

In the fact that the scapula is the grcat bone of the
shoulder, man agrees with the rest of his class; but its size
may be equalled or surpassed by the part answering to the
coracoid process, as in many Birds and Reptiles, or it may
be reduced to relative insigmficance by the much greater
development of the clavicle, as in most Fishes.

The scapula (or rather the vertebral portion of it, or supra-
scapula), instead of being, as in man, widely separated from its
fellow of the opposite side, may be separated from it only by
the cartilaginous representative of the spinous processes of
the vertebrx, as 1n Raia clavata; or the two scapulze may
overlap the onc the other, as in the African toad Dacty-
letira. In the last-mentioned animal the supra-scapula is
many timcs larger than all the rest of the bone. Com-
paring the other members of man’s class with man, we find
that the sub-scapular fossa may be situated (f we definc it
by the attachment of the subscapularis muscle) not on the
inside, as in him, but on the outside of the blade, as is the
case 1n the Echidna.

The spine of the scapula is a structure constant in man’s
class, but it may be very little developed, as in the Mole ; or
it may be casily overlooked, inasmuch as it forms the acfnal/
antertor (in man the upper) border of the scapula in the
Monotremes. In these Monotremes its direction is so
changed that it lies on one and the same plane with the
blade of the scapula ; the supra-spinatus portion of the blade
being next the ribs, and the infra-spinatus fossa and sub-
scapular fossa together forming its actual outer surface, the
axillary margin (which ordinarily separates those two latter
fossz) aborting. The spinc may be in close juxtaposition to
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the anterior border, as in the Dolphin. There may be a
second spine behind the normal one, as is the case in the
Armadillos. ) i
An acromion process is the ordinary Mammalian termi-
nation to the scapular spine, but this may be utterly wanting,
as in the Hyrax and the Giraffe. It may not only be large,
but give off a distinct post-axially directed process, termed
the metacromion, as 1n the Hare, Elephant, and Shrew, the
acromion in the latter animal appearing to bifurcate.

F1G. 129 —SiDE VIEw OF RIGHT SHOULDER GIRDLE of YouNG ECHIDNA
(Echidna hystrix)

45, supra-scapular cpiphysis ; ss/, sub-scapular fossa ; g/, post-scapular fo sa; ¢4,
coracoid border; gé, glenoid border: s, spine; @, acienuon: ¢ss, coraco-
scapular suture ; g, glenoid cavity ; ¢, coracoid , e, epicoracod , ¢4 clavicle,
#c, iter-clavicle , ps, pre-sternum, or manubnum

(From Flower's * Osteology ")

The acromion may join the coracoid process, and thus form
a bony loop, as in the Two-toed Sloth and in Birds—the bony
connexion answering to the ligament which connects the
processes in man.

A distinct acromion process may be developed where
there is no clavicle, as is the case in the Dolphin. It may be
very long and present an articular surface for the humerus,
as is sometimes the case in the Armadillos. .

The articulation which takes place between the acromioh
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and the clavicle is constant in mammals where the latter bone
is developed, except in the Mole and Three-toed Sloth. In
the Mole, however, there is a strong ligamentous connexion
between these parts, and in the Three-toed Sloth the sepa-
ration is a secondary condition, owing to the gradual atrophy
of the acromion which was primitively connected with the
clavicle.

The supra-spinatus fossa may be about equal to the infra-
spinatus one, as in the Dog and Shrew, or larger than it, as
in the Lion and in Sloths. It may, on the contrary, be little
more than a groove, as in the Dolphin, or it may (and this is
very exceptional) be large and situate entirely on the inner
(or body) surface of the blade, as in the Echidna.

Fii. 130 —RIGHT ScAruta  AND F1G. 131 ~-ScAPULA oF A Porrolse.
SCAPULAR PART OF CLAVICLF OF A

SHREW—Sorex. (After Parher.) a, acromion ; ¢, coracoid; g, glenoid

surface.
a, acromion , ¢, coracoid , ¢/, clavicle ;

ma, metacromion , ss, meso-sca-

pular segment.

The portion for the origin of the tercs major muscle may
be greatly produced, as in the Armadillos and even in
Baboons.

The superior border of the scapula may be very much
longer than the base, as in Ungulates, and enormously so in
the Mole. It may, on the contrary, be relatively shorter even
than in man, as in the Chimpanzee. It may be very convex,
as in the Mandrill Baboon ; and, most strange of all, it may
form what is apparently the posterior margin of the scapula,
as in the Echidna.

The supra-scapular notch may be converted into a foramen,
as even in one of man’s order (e.¢. in Mycetes), and in the Two-
toed Sloth. The notch, however, may be entirely absent, as
in the Deer and many others.

The base may be much the shortest of the three borders,
as in the Dog and Ungulates, and especially in the Mole, It
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may, however, be very much elongated, as in the Chim-
anzee and Dolphin.

The axillary border is, of course, drawn out where the sca-

ala is long and narrow. The most singular situation of this
gorder is found in the Echidna, where it appears as a slight
ridge traversing the outside of the blade of the scapula.

The postero-superior angle of the scapula may be rounded
off, as in the Dog and many others, It may, on the other
hand, be very prominent, as in the Dolphin. The inferior
angle may also be either sharp or rounded.

Fi6. 132 —RiGuT Scarura AnND Cravicie or Two-Torp Stoth (Chelapus
Hoffmannz).

af, pre-scapular fossa ; A/, post-scapular fossa : g, glenoid cavity ; @, acromuon ;
¢, coracoid ; csf, coraco scapular foramen , ¢/, clavicle.

(From Flower's “ Osteology.”)

The neck of the scapula is always the narrowest part of
that bone in man’s class, but when we descend we may find
it to be the widest part, as in some Fishes, c.g. Raza clavata.

Passing now to the second part of the scapula, in man called
the coracoird process, we shall find that, rudimentary as is
this part in him compared with its condition in lower forms,
1t is nevertheless not at its minimum, for it may be, as in
Ungulates, ¢.g. the Deer, quite rudimentary. On the other
hand, it may be relatively larger than in man, as in the Two-
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toed Sloth, where it joins the acromion. It may be not only
long, but also forked, as in the little Pipistrelle Bat. It may
also join the clavicle, as in the Three-toed Sloth and Mole.

. As has been said, this part may even in man’s class (viz. in
Monotremes) be a large distinct bone connecting the scapula
with the sternum, and having an additional flat bone placed
in front of the inner end of the coracoid, called the epi-
coracoid, and a distinct rudiment of the epicoracoid may be
found in a higher Mammalian form, ¢.g. in Sorex.

The coracoid shares with the scapula the office of forming
the glenoid surface for the humerus, and it may become fused
with the clavicle, as in the Mole.

The coracoid may not only be a large bone rivalling or
exceeding the scapula, as in Birds, but there may be complex
structures divisible in zootomy into coracoid and epicoracoid,
as before said, and also in addition a part termed pre-cora-
coid, which, though essentially related to the coracoid, will yet
be more conveniently spoken of in trcating of the clavicle.

Fi6. 133.—SHOULDER GIRDLE OF A BIrD (DIVER). (After Parker)

¢, coracoid (its lower end abuts against the sternum—here removed) ; ¢/, the
clavicles (merrythought) . sc, the scapula—the rounded glenoid surface is
ndicated 1n the scapula just where 1t joins the coracoid.

These coracoid elements may take the form of a large car-
tilaginous sheet passing down from the glenoid surface to the
middle line of the breast, as in Efts; or may appear as two
bones sp passing down on each side, onc in front of the
other, as in the Frogs ; or as a large shcet of bone and carti-
lage often more or less perforated, as in many Lizards.

Instead of a single glenoid surface (as we find in all Ver-
tebrates above Fishes which have pectoral limbs), we find
what may possibly be several distinct glenoid surfaces, as
a.g. three in Raia clavata.

Where the coracoids are in the form of large lamelle, they
may overlap one the other, as in Batrachians, e.g. Salawsan-
dra and the Frog. .

The coracoid and scapula may form one cartilaginous
whole, while the supra-scapula remains distinct, as in Raza
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clavata. They may form one osseous whole in Birds (e.g.
the Struthionide or Ratite), continuing on in one main
direction. They may, on the contrary, as in all carinate, or
ordinary Birds, be so placed that the coracoid forms with the
scapula an acute angle open backwards.

To the parts which represent the scapula and coracoid in
osseous Fishes, the names of ulna and radius have sometimes
been respectively applied. The coracoid may attain a pro-
digious size, as ¢.g. in the Opah fish (Lamprzs).

FiG. 134—BoNEs oF THE RIGHT ARM AND SHOULDER OF 1uF SMail
‘TANREC— /1 enticenteles.

This view shows the elongated scapula with blunt setacromzon and very small

coracord ; also the largely-developed clawcle attached to the end of the

acromion and projecting freely—the humerus with the Prommcnt deltowd

ridge (or crest) and the radius applied closely in front of the w/ua, which
latter bone has a well-developed 22ecranon.

12. The apparent simplicity of the CLAVICLE in man would
hardly allow of a correct & pgrior: conjecture as to the
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complexity of the parts which may represent, or most nearly
correspond with it in the lower, and especially the lowest,
Vertebrates.

In fact, however, the clavicle of man is made up of four
parts, as has been noted. Thus we have—

(1) The body of the bone.,

(2) The acromial end of the clavicle, remaining cartilagi-
nous in the young state, called the meso-scapular segment.

(3) The sternal epiphysis of the clavicle, called the pre-
coracoid.

(4) The inter-articular fibro-cartilage interposed between
the clavicle and the sternum, called the omosternum,.

F1G 135.—INNER PART oF CLAVICLE FiG. 136 —RIGHT ScAPULA AND

AND PART OF STERNUM OF A SHREW SCAPULAR PART OF CLAVICLE OF A
—Sorex (After Parker ) Surrw—Sorex. (After Parlker.)

ol, sternal part of clavicle; ec, cpi- @, acromicn: ¢, coracoid ; ¢/, clavicle ,
coracoid , Ac, pre-coracoid , os7, omo- A, Metacromion , 7SS, MEsO-SCa-
sternum. pular segment.

Now, inasmuch as the clavicle of man consists of only
one conspicuous element, is separated from its fellow clavicle
by the sternum, and connected externally with the acromion,
it has the general characters of the bone in his class. It
may, however, be entirely absent, as in all Cetacca and
Ungulata, in many Carnivora and Rodents.

It may, on the contrary, be very short and rudimentary,
and suspended by long ligaments both to the scapula and
sternum, as in the Guinea-pig and Rabbit.

It may be separate from its fellow of the opposite side and
from the sternum, as in the Cassowary and Emeu.

It may-—though this is very rare—have ultimately coalesced
with the coracoid, so as to form a complex single bone of
double nature, as in the sp-called clavicle of the Mole, which
helps to form the articulation of the humerus.
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The clavicles may be fused together in the middle line,
as in the merrythought of Birds.

The meso-scapular segment never appears to become very
large, but the pre-coracoid part becomes very considerable in
the Ostrich, where a foramen indicates the line of demarcation
between it and the true coracoid, and it is large in many
Lizards, e.g. the Monitors. In Chelonians the pre-coracoid is
a large bone descending from the glenoidal region down-
wards and inwards towards the ventral shield of the cara-
pace. It has been spoken of as a true clavicle, as also the
anterior of the two bars which, in the Frogs and Toads, pass
inwards from the scapula, but which seems to be really a pre-
coracoid.

The last element, the omosternum, becomes amongst Mam-
mals very conspicuous in certain Shrews and Mice ; also in
certain tailless Batrachians, e.g. Pseudis and Pipa. 1t may
be that this element is the same as that next to be noticed,
and which otherwise has no representative in man, or in any
but the lowest Mammals.

The element in question is the inter-clavicle, which is
enormous in the Monotremes, and forms the bulk of that large
T-shaped bone which prolongs as it were thg manubrium ot

FIG. 137 —~FroNT View oF LErT HALF oF SHoU1DFR-GIRDLE OF A GECKO
LizarRD—Hemidactylus (After Parker )

¢, coracoid , ¢/, clavicle ; ¢, inter-clavicle ; ¢, meso-coracoid ; g¢, pre-coracoid ;
s, scapula; ss, supra-scapula ; sz, sternum.

the $ternum, and which bears on its diverging arms the small
splint-like clavicles. The same element is more or less
similar in shape in many Lizards, e.g. Jouana and Moenitor.
It may be cruciform, as in Cyclodus, or a simple forwardly
directed ossicle, as in the Crocodile, or a median expanded
lamella of bone or cartilage, as in A#guis and Chelomans,

M
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It may be small and serve to connect the clavicles, as in
Birds, where it forms the middle of the merrythought. It
may be very large and bifold, as in many Fishes, e.g. Coffus
and the Sturgeon.

The true clavicle, more orless cylindrical or at least slender
in Mammals and Birds, may become expanded in Lizards
(e.g. Hemidactylus, Cyclodus, and especially Trackydosaurus).

In Chelonians also the clavicles are greatly expanded and
form the two foremost bones of the ventral part of the
carapace, the median one immediately behind them being
the inter-clavicle.

.
s oo

Fi6 138 —ScarvLAR ArRcH OF A Fisu—Zeus (After Parker.)

&4, the fourth or lowest of the four brackials which together may represent the
humerus, and to which the fin rays are attached , ¢, coracod , ¢/, clavicle, ge,
pre-coracowd ; g, post-temporal, which connects the scapular arch with the
~kull ; s/, supra-clavicle—the bar of bone unmarked, which descends Lack-
wards? is the gost-clavicle.

The great size of the clavicle here and in Zrackydosaurus
grepares us for the still vaster devclopment of this part in
ony Fishes, where the clavicles become enormous, and may
not only be provided with a distinct inter-clavicle, but also
each with a distinct portion above—the supra-clavicle (as in
the Dory, Zeus, the Sturgeon and others), and besides this
with a postcrior element, a post-clavicle, as in the Dory,
Perch, and Cod. .
Thus the clavicle of man, instead of being the simple struc-
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ture which it seemingly is, really represents some elements
which properly belong to the coracoid, and other elements
which may greatly increase both in size and complexity
«in other animals. At the same time its inconstancy is
such that it may utterly abort, while the scapula and even
the coracoid element are largely developed.

13. That important bone of the human skeleton, the
HUMERUS, is constantly present in Vertebrates above Fishes,
wherever there is an upper limb at all, although differing
in size and shape. It never, however,
seems to be present where there is no
representative of the hand—in this
respect, as we shall see, differing from
the thighbone in the relation of the
latter to the foot.

In the lowest Vertebrates, Ze. in all
Fishes, it is difficult to say what cer-
tainly corresponds with the humerus
of man, but very probably the several
bones or cartilages which articulate
with the coracoid and scapula (at the
scveral glenoid surfaces before de-
scribed) may be such representatives.

In this case it may be said (1) cither
that several (two to five) bones or carti-
lagestogether represent man’s humerus,
or (2) that each of thesc is in fact a rudi-
meuntary humerus, so that a fish has
thus several humeri on cach side. It
is possible, however, that this bone (or
perhaps the next limb segment—radius ;0 Cariiracivot s
and ulna) may be represented by a = SkernTon of A Limb o
single cartilage— as in Cerafodus. (t{"“’)"""" (Afier: Gun-

Leaving, however, these members of Th’f' eumoc pieceartiou.
the lowest Vertebrate class, we shall 1;,::%,‘31'5.,?;,“1,}00;.'
find that higher forms show the several
parts of man’s humerus to be capable of different degrces of
dcvelopment, yet that on the whole great variations are
rare. -

As being the largest bone of the arm the humerus of man
follows the general rule, but it may be much exceeded in size
by a bone of the fore-arm, as in the Bat and Eagle, while
its length may be quite insignificant compared with that
of the entire limb, as in the Dolphin. Its length may, how-

M2
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ever, exceed that of all the rest of the limb put together, as
in the Apteryx. It may also exceed the length of the whole
body, as in the Pelican ; while a few Birds, ¢.g. the Martins,
have it remarkably short. . .

In its being cylindrical in shape man’s humerus is normal,
but it may be almost as broad as long, as in the Mole and
some Cetacea. The head of the hu-
merus is generally less spheroidal than
in man, with high projecting processes
(the tuberosities), as in the Carnivora,
e.g. the Dog. It may have the form of a
transversely extended articular ridge, as
in Birds.

The shaft of the bone may be twisted
like the letter S, as in the Tortoises, but
Fic 140 —RicuT Hu-  that twist of the shaft which we find in

MBKUS OF A MoLs. man is peculiar to him and to the high-
«c,, extemal, condyle:  est Apes, though there is something like

ead, #c, internal b g
c&ndyle: ¢, capitel- it in Birds.
lum, The greater (radial) and lesser (ulnar)
tuberosities are very constant structures,
one or both appearing down to the lowest Batrachians.

They may project much more than in man (as e.g., amongst
many others, in the Dog and Sheep), or the two may be fused
into one, thus obliterating altogether the bicipital groove, as
is the case in the Cetacea ; or they may project much and
so sharply as to make that groove a very deep one, as in the
Turtle.

The so-called “lesser” tuberosity may be as large as the
“greater” one, or even come to exceed it in size, as in the
Two-toed Sloth, the Bat Pteropus, and the Lizard Uromastix.
Bencath the lesser tuberosity a deep cavity may exist, as in
Birds : this is to allow air to enter the air-cavity within the
bone, mauy bones in many Birds being thus filled with air
instead of marrow.

The rough surface for the deltoid is in man’s humerus but
a faint indication of what may in other forms, e.g. the Seal,
Mole, Beaver, &c., be a very prominent ridge.

The lower end of the bone may be either more expanded
relatively than in man, or less so. Thus, e.g., the condyles
may be very greatly produced, as in the Mole, Armadillos,
and Echidna. or they may be quite rudimentary, as in the
Deer and Hare.

Very often a foramen may exist above the internal pon-
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dyle, as ¢g. in the Wombat. This serves to transmit the
median nerve and brachial artery, which are thus protected
by bonc in a way found only by a very rare exception indeed,
if ever, in man. There may be a notch or a foramen above
the external condyle, as in some Lizards, e.g. Psammosaurus.

The transverse extent of the inferior articular surfaces of
the humerus of man is greater than in very many forms, on
account of the articular surface for the radius coming to be
in front of, instead of at the side of, that for the ulna. We
sec this very distinctly, e.¢, in the Dog.

FiG 141 —ANTERIOR SURFACE OF RiGHT HuMEKUS OF WOMBAT (Phascolomys
vombatus).

4, head . Jg, Wcipital groove : ¢, great or radial tuberosity; #, small or ulnar
tuberosity ; 7, deltoid ridge ; 57, supinator ridge ; ¢/, supra-cond ydar foramen ,
ec, external condyle ; 2¢, internal condyle ; @7, articular surface for rauus ,
au, articular surface for ulna.

(From Flower's ‘* Osteology ") .

The fossae for the coronoid process and olecranon, which
sometimes communicate by a perforation in man’s humerus,
may do so normally and constantly, as e.g. in the Hare.

Rarely (as in some Tailed-Batrachians) a dense ligament
may connect the head of the humerus with the glenoid cavity,
as we shall see that the head of the thighbone is normally
connected with the cavity which receives it.
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14. The RADIUS is a bone constantly present and distinctly
represented, wherever an arm exists, in all Vertebrates
above Fishes. In Fishes its exact representative cannot be
determined. The ossicles or cartilages, however, which may
be distally annexed to the representatives of the humerus,
probably as a whole represent both the radius and the ulna.

In the constancy of its 'development the radius shows its
generally greater importance as the main bone of the fore-
arm, when compared with the ulna, which latter may more
or less completely abott.

In Birds, however, it is subordinate in development to the
ulna, which is the main bone of the fore-arm in them, eg.
the Eagle.

In its elongated figure the radius of man agrees with the
same bone as generally developed, but it may be shortened
and flattened even in some Birds, e.g. the Penguin, and very
much more so in Cetacea, ¢.g. the Dolphin, and still more
so in the extinct Ichthyosauria.

Instead of being free as in man, the radius may anchylose
at each end with the corresponding extremities of the ulna,
as is the case with the Sirenia.

It may be the solitary apparent representative of the bones
of the fore-arm, which are completely fused together, as in
the Frog and Camel. It may be all but the only bone of the
forc-arm, through the small devclopment of the ulna, as is
the case in Bats and Ruminants.

That crossed position of the radius with relation to the
ulna which is called pronation in man, 1s the consfant and
only position of the bone in many, as ¢.g. the Dog, Elephant,
and hoofed beasts generally. Pronation and supination,
however, are not confined to man. They exist sometimes
very distinctly, as e.¢. in the Apes and Sloths.

No mation of the kind is possible in many forms in which
the radius does not cross the ulna, as in Bats and Birds,
where such a flexibility of the limb would be fatal to flight.
Pro- and supi-nation are also impossible in the Cetacea,
where there is no movable clbow-joint at all.

But the limbs may permanently retain a position which
indeed is grimltive and temporary in man ; that is to say,
there may be no crossing of the bones of the fore-arm, and
yet the whole dorsum (or extensor surface) of the limb may be
turned outwards somewhat in the position in which a man puts
his arms when, resting on his two palms, he stoops to drink
from a pool between them. Even thus the primitive position
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cannot be quite assumed by the adult human being, though
it is the permanent condition of some Reptiles, especially
the Chelenians.

. The head of the radius is often much larger relatively
than in many as e.g. in the Dog and Ruminants.
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Fi6. 142 —RI1GHT Prcrorat Limp oF A GIRAFFR.

cu, ccaphoides ; @3 proxunal phalanx of third digit: @4, proaimal phalanx of
fomth digit, g, magnum,, f" great tuberowty of the humerus ; 4, shaft of the
humerns , Ju, lunare , 734, umted metatarsals of third and fourth digits , o,
olecranon ; gz, pisiforme ; 7, radius | s¢, cuneiforme ; ##, unciforme.

15. As with the radius, so with the ULNA, we can only
cemploy Vertebrates above Fishes for comparison. ®

In the proportion it bears to the radius, man's ulna agrees
;}n the whole with the relation obtaining in the majority of
orms,

It may, however, be larger and more important than the
radius, as is the casc in Birds, e.g. the Eagle. On the con-
trary, it may be very much smaller and more or less abortive,
as in Ruminants and Bats. That the proportionate size of
this bone has no relation to flight is shown by the just-
mentioned fact, that it is the larger bone in Birds and the
smaller one in Bats.
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The olecranon process of man is larger than in many
forms ; thus eg. it is relatively larger than in Birds. It is,
however, much larger relatively than in man in many Mam-
mals, even e.g. in Baboons, and still more in Ungulates, the
Monotremes, and the Mole. There may be a detached sesa-
motd ossicle at the end of the olecranon, reminding the
observer of the knee-pan, or patella, of the leg. This is the
case in some Bats.

The ulna’s articular surface for the humerus may merely
complete that offered by the radius, the two together forming
a single concavity for the reception of the humerus. This is
the case, ¢.g., in Ruminants.

The styloid process may be much more prolonged than in
man : we find it so in the Gibbons. The distal part of the
ulna may, on the contrary, abort altogether, as in the Bats.
It generally, however, articulates with the carpus directly, as
the radius does.

16. Inasmuch as THE HAND of man is made up of the
carpus, metacarpus, and phalanges, it agrees with the corre-
sponding segment in all Vertebrates above Fishes ; where, it
any element of the arm is present, the hand is present
likewise.

17. Inasmuch as the CARPUS of man consists of a few
relatively small bones, it agrees with that of all other Verte-

F1G. 143.~DORSAL SURFACE OF SKEI FTON oF RiGHT HAND oF THE ToRTOISF
Chelydra (After Gegenbaur.)

¢, cuneiforme ; #7, intermedian (or centrale). /, lunare ; m'—mS, metacarpals :
», radius ; s, scaphoides; », ulna; 1—s, the five distal carpals, namely—
1, trapezium ; 2, trapezoides; 3, magnum, 4 and s, divided unciforme.

brates above Fishes, except that in some Tailed-Batrachians
and Cetaceans the parts are more or less permanently, car-
tilaginous. The number of carpal bones, however, may be
increased to ten, as in Chelonians, or it may be reduced to
two, as in Birds,
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Very rarely, as in the Crocodile, the two proximal bones
may be so much longer than the others as to take on some-
what the character of “long bones,” and to constitute by
themselves another limb segment.

18. The BONES OF THE FIRST ROW of the carpus, except
the pisiforme, may be represented by one single bone, as in
DPleropus.

Inasmuch as the scaphoides articulates with the radius, it
has a character which 1s constant. The distinctness which it
possesses in man is by no means universal. Thus the sca-
phoid coalesces with the lunare in the Carnivora and many
other Mammals, and also probably in the Croiodiles. It
unites with the cuneiforme in addition in Peropus. 1t may
coalesce with the trapezium, as in the Three-toed Sloth. It may
become a considerably elongated bone, as in the Crocodile.

On the outer (radial) side of the scaphoid we often find a
small ossification of a tendon, or sesamoid ossicle, corrc-
sponding with that sesamoid ossicle of the ulnar side, which is
counted as a carpal, and called the Pisiforme.

This radial sesamoid ossicle 1s found even in Apes, but it
attains its maximum in the Mole, where it strengthens and
broadens the hand for digging. Itis found even in some
Reptiles, as e.g. in Emys curopea.

An extra bone which exists in many Vertebrates, but not in
man (and which goes by the name of os centrale, or interme-
dium), is most probably a dismemberment of the scaphoid.
It is present and distinct in the Apes, except the very highest,
and many other forms, including most Reptiles and Batra-
chians. The form of the scaphoid in Emys europea scems to
show that the centrale is a dismemberment of the scaphoid,
as indeed does its position in the Orang.

This conclusion is indicated by the occasional ossification
of the scaphoid from two centres, in the class Maminglia.

The centrale may form a very large and conspicuous part
of the carpus, to the abortion of any representative of the
trapezium. This, ¢.g., is the case in the Crocodile ; and if
the centrale be a dismemberment of the scaphoid, then, con-
sidering the length and size of the undoubted scaphoid or
scapho-lunar bone in the Crocodile, the equivalent of man’s
scaphoid forms alone the larger half of the carpus in that
reptile. Again, the centrale may form a singulatly con-
spicuous part, as in the Chameleon, where it is surrounded
by the more distal bones of the carpus, which have re-
spectively coalesced with their adjacent metacarpals.
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As has been already said, the semz-lunar bone may coalesce
with the scaphoid in many animals, e.g. the Dog. It may,
on the contrary, unite with-the cuneiforme, as in the Sala-
mander and Triton, and probably in Birds. It seems also to
be generally absent as a distinct bone in Reptiles other than
Chelonians. Thus its distinctness in man is a rather ex-
ceptional character.

The separate and well-developed condition of the cusmes-
Jorme in man is one which characterizes it generally, it being
one of the constant carpal bones ; the only noteworthy devia-
tions are that, as just said, it may coalesce with the lunare, or
even with the scaphoid also, as in Ptergpus ; or that it may
be very considerably increased in length, as in the Crocodile.
It may be rclatively larger than in man, as in the Turtle ;
or smaller, as in the Mole.

The inconstancy of the pisiforme is a consequence of its
being really no true carpal, but only an accessory sesamoid,
like the radial ossicle spoken of in noticing the scaphoid.
Thus 1t is often absent, as in many Cetacea, the Sirenia,
Birds, many Reptiles, and all Batrachians ; while it is very
small in Bats, Seals, and others. It may be much larger and
longer relatively than in man, as e.g. in the Carnivora.

19. The BONES OF THE SECOND ROW are by no means so
constant in number or development as are those of the first

Fu, 144 —Left Hand of Chameleon, showing the opposition between the two ulnar
and the three radial digits.

m"—mi5, the five complex bones formed of the union of each metacarpal with the
corresponding distal carpal bone , #, radius , #, ulna, 1, ulnar proaimal carpal
bone, 2, radial proximal carpal bone; 3, intermedium or centra e.

row. They may coalesce with the metacarpals, as is the case
in the Chameleon.

The importance and size of the #rapeszium in the human
carpus, owing to the relation it bears to the development of
man’s thumb, are very different from what we see in some
members of man’s class, and even.order.,
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The saddle-shaped surface for articulation with the first
metacarpal is not so well developed in any other form as it is
in man.

* The trapezium may be quite rudimentary, as in Cheropus,

F1G. 145.—BoNES OF MANUS OF Ch@ropus castanotis.

¢, cuneiforme ; /, lunare ;: s, magnum: R, radws, s, scaphoides, /d, trape-
2qudes ; 1 tmrcnum; U, ulna, #, unciforme ; /4., 771, and 7V, second,
third, and fourth digats.

(From Flower's ‘“ Osteology.”) .
or altogether wanting, as in the Horse, Shecp, Pig, Dolphin,
Salamander, &c. ‘

As to Birds, no distinct trapezium is distinguishable ; and
the same is the case with Crocodiles, but a trapezium exists
in many Lizards. As has been said, it may, as in the Three-
toed Sloth, coalesce with the scaphoides.

The ¢rapezoides is a more constant bone than is the pre-
ceding one, as it seems to exist in all Mammals‘ which have
a carpus, though its existence is not to be made out in Birds,
or clearly so in Crocodiles. It may be relatively smaller or
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larger than it is in man, and it may, as in the Three-toed
Sloth, coalesce with the os magnum.

The os magnum may be much smaller relatively than in,
man (as e.g. in the Bear and Hare) ; or relatively larger (as
in the Hyrax); or it may seem to abort altogether, as in
Birds. Compared with the bones of the second row only, it
‘may be, as in the Horse, a morc predominant bone than 1t is
in man,

The undivided state in which the wnciform bone exists in
man is universal 1n his class.

It may, however, be represented by two distinct bones
corresponding with and supporting the fourth and fifth meta-
carpals, as in Chelonia, Chelydra, and Salamandra. There
may be no bone whatever capable of identification with it, as
in Birds. 1t may be much smaller or larger relatively than
it is in man.

An additional ossicle not found in man may be present in
the ligament connecting the trapezium and unciform bones.
Thus is the case in the Potto (Perodicticus).

20. The distinctness and development which the META-
CARPUS or middle segment of the hand attains in man are
characters which are normal. The somewhat opposed posi-
tion of the first metacarpal in him is only found in a few
Mammals besides—in Monkeys and Lemurs.

The metacarpals, however, may fuse with the distal carpals
—the trapezium with the first metacarpal, as in the Three-
toed Sloth, or all five with the corresponding carpals, as in
the Chameleon.

A more complete opposition may obtain, however, than that
which exists between the first and the other metacarpals in
‘man ; as is shown by the Chameleon, in which the three radial
metacarpals are as strongly as possible opposed to the two
ulnar oges.

In the number of these bones and their sub-equality of
development man agrees with many Vertebrates above
Fishes. Nevertheless, the number may be much reduced,
and the proportions of the several bones may vary in differ-
ent modes.

Thus there may be but a single metacarpal (the third), with
rudiments of two others, as in the Horse ; or there may be but
a single bone, which consists of the third and fourth fused
together, as in the Sheep, Deer, &c.

Again there may be but two, the second and third, with
anotber rudimentary metacarpal (which answers to man’s



w.] SXELETON OF UPPER LIMB. 173

fourth), as in Charopus,; or the same two with a rudiment
of the first metacarpal also, as in Cholapus.
We may have the second and third metacarpals well de-

Fi1G 146.—RiGuT PECTORAL LIMB OF HORSE.

¢, cuneiforme ; %, humerus ; Zx, lunare ; 3, metacarpal of the third digit—-the
only one fully developed ; m4, rudimentary fourth metacarpal : s7g, magnum }
1, pisiforme; p*, proximal phalanx; p? middle phalanx; g3, third or
ungual phalanx ; s, id ; un, iforme,

veloped, with a rudiment also of the first, all three being

fused together into a single bone—as is the case in Birds.
There may be but three sub-equall

developed, and these may be the scconcf:

third, and fourth, as in Profens and

Rhinoceros; or they may be the first,

second, and third, asin Sefs tridactylus.

The three may be anchylosed together

at their proximal ends, as in the Three- ¥z 14 — Parmax

toed Sloth. View oF LerT Hann
The metacarpals may decrease in size ~ ©OF SErs TRIDACTVLUS.

irom the first to the fifth, as in Seals; or  (After Firbringer.)

increase from the first to the fifth, as in There is here hut a mi.

nute rudiment of the
the Manatee. 4th digit. The pollex,

They may be singularly unequal, the  index, and third digit
third being by far the thickest and ex- 27 well developed.
tremely short, as in the Great Armadillo ; or the third being
far the slenderest and extremely long, as in the Aye-aye.
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The first may disappear or be rudimentary, as happens in

,very many forms; or the second digit alone may be very
reduced, as in the Potto. .

The first may be short and the four others exceedingly

Fic :18 ~HaAND oF
BAT (Dteropus)

s =it 4, metacarpals of
the four fingers, 2,
pollex, with a very
short metacarpal, sc,
scaphoides.

elongated and slender, as in the Bats;
or the first three may be short and the
fourth enormous, as in the Pterodactyles.

The whole five metacarpals may be
extremely short and stunted, as in the
Mole, and still more so in the Land Tor-
toises and in the Ichthyosaurus.

The number five 1s never increased
(except by monstrosity) in any known
Vertebrate.

21. The number of DIGITS which may
be developed has been indicated in
treating of the metacarpus. Thus there
may be but a single digit, as in the
Horse; two, as in Ruminants, and in
Charopus. ‘There may be three, as in
the Rhinoceros, Profens, and Seps
(second, third, and fourth, or first,
second, and third); or, as is very often
the case (e.g. Pig, Dog, &c.), there may
be four.

The digits are never certainly more
than five (except by monstrosity), al-
though in the Ichthyosaurus extra mar-
ginal bones give the appearance of more.
The filamentary boncs which terminate
or fringe the fins of Fishes are not digits
at all, but are dermal ossifications called
“fin rays,” which will be spoken of with
the rest of the external skeleton.

When a digit is wanting, it is generally
the pollex, as m Spider Monkeys, but it
may be the fifth, as in Pterodactyles, or
the fourth and fifth, as in Birds.

The thumb (pollex) may be more or
less opposable, as in most Monkeys and

Lemurs ; or two digits may be opposed to three, as in the

Chameleon.

The sccond digit may be greatly reduced, as in the Potto;
or the third may be disproportionately slender, as in the Aye-
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Aye ; or thick, as in the Great Armadillo. The digits may be
enormously long, as in the Bats; or short, as in the Land
Tortoises. They may be very imperfectly developed, as in
*Birds.

They may be so united by dense tissue as to be quite
incapable of separate motion, as in the Cetaceans. The

Fi6. 149 —R1GHT HAND OF OSTRICH.

¢', radial carpal oscicle; ¢2, ulnar carpal ossicle ; @2, proaimal phalanx of the
index digit which has three phalanges : @3, phalanx of third digat, 4, ulna,
e “ and s 3, metacarpals of second and third digits anchylosed together and
with that of the pollex ; 8, proximal phalanx of pollea ; 7, radius.

bones of the fingers or phalanges of man are the same in
number as in other Mammals with the exception of the
Cetacea. In distinctness they also agree with most, but it
1s possible for the proximal row of phalanges to become
anchylosed to the metacarpals, as is the casc in the Three-
toed Sloth,

The phalanges, instead of decreasing inlength, distad,* as in
man, may so increase—as in the three ulnar digits of Dasypus
vllosus. A terminal phalanx of a digit may far cxceed in
length its two proximal phalanges, as is the casc in the
middle finger of Priodontes, and in the three middle digits of
Lerameles,

The number of phalanges may be much greater than in
man, eg. as many as fourteen, in the third digit of Glo-
biocephalus. Often in Reptiles the number of phalanges
increases from two in the pollex to five in the fourth digit, as
in the Monitor. The abortive hand of Birds at its best has but

1 As we proceed from above downwards to the fingers’ ends.
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three digits, with two phalanges to the pollex, three to the
index, and one or two to the third digit.

The terminal phalanges may bifurcate slightly, as in Pera-
meles and in the Mole, or widely, as in some Toads and Frogs,

o
o

1
o

Fi6. 151

1. Ungual Phalanx of a Bear, show-
ing the enlargement at the ventral
side of its proximal end, d.

¥iG. 150 —BoNEs OF MANUE oOF

Banpicoor (LPerameles).

¢, cuneiforme ; /, lunare ; m, mag-
num, R, radius; s, scaphoides;
&d, trapezoides; Zme, trapezium ;
U,ulna; ®, unciforme, /.—V.,, the
digits ; 7, pollex ; V, little finger.

(From Flower's *“ Osteology.”)

2. Ungual phalanx of a Sloth, show-
ing the enlargement, 4, on the
dorsal side of its proximal end.

3. Widely bifurcating distal phalanx
of the Toad, Hyladactylus (or
Kaloula).

They may develop a large fold of bone to support the claw,
as in the Cats, where the inferior part of their proximal end
is much enlarged, while it may be the upper part of the same
which is enlarged, as in some Edentates.
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LESSON V.
" THE SKELETON OF THE LOWER LIMB,

1. THE skeleton of the lower limbs, like that of the upper,
is divisible into three categories : A, that’of the hip ; B, that
of the leg ; and C, that of the foot.

A. The skelcton of the hip, or the haunch-bene, is called
the os fnnominatum, and there is one such on each side in
the adult man.

B. The skelcton of the leg is subdivisible into—

(a) Thatof the thigh, which consists but of one bone, called
the fenur (os femoris).

(4) That of the lower part of the leg, which consists of two
bones placed side by side. The larger of these is called the
tibia ; the other, much more slender and placed on the outer
side of the leg, 1s called the fidx/a, or peroneal?® bone of the leg.

C. The skeleton of the foot is subdivisible into three parts :
(a) that of the ankle, the farsus;3 (6) that of the middle
part of the foot, the mezatarsus; and (c) that of the toes, or
digits—composed of the phalanges.

2. The OS INNOMINATUM is a very large bone, meeting
with its fellow of the other side in the mid-ventral line of the
body, and being strongly attached to the sacrum behind |, thus
forining, with the intervention of the last-named boné, a solid
bony girdle, supporting the trunk above, and being itself im-
posed on the limbs below —the head of the thigh-bone fitting
nto a socket on the outer side of the os innominatum.

Each os innominatum is made up originally of three dis-
tinct bones, which become united when youth 1s merging into
manhood. These three bones are the ilium, the ischium,
and the pubis.

¥ From its not bearing any special resemblance to any one object,
2 So called because it clasps the larger bone of the leg, mepovn, a clasp.
Fromt vapadg, a crate.
N
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The innominate bone thus consists of three parts. (1) A
widely expanded upper part joins the sacrum and extends
down to the socket for the thigh. This is the ilium.*

(2) From the thigh-socket a bar of bone runs forwards ard
inwards. This is the pubis.?

(3) Another, stouter, piece of bone curves first downwards
from the thigh-socket, and then inwards and then upwards
till it meets the pubis. This is the ischium,?

Fi16 152.—OuTER SIiDE OF RIGHT Os INNOMINATUM OF MAN,

a, acetabulum ; a7, anterior infcrim: spimous process of the ilium : as, anterior
supenior spinous process of the ilium; ¢, cxest of the slium ; 8, tho-pectineal
eminence ; o, obturator foramen ; #, pubis—its horizontal ramus , g7, posterior
inferior spimous process ; #s, posterior superior spinous process ; s, spine of the
ischium , ¢, tuberosity of the ischuum.

The #lium has a wide outer surface (marked by two curved
lines), the upper border of which is termed the “ cresz” and is
convex and arched. From the front end of the crest the
anterior border descends sharply to the pubis, a blunt promi-
nence (ealled the 2/r0-pectineal eminence) marking the point
of junction. A sharp prominence (termed the anterior supe-
rior spinous process) projects from the anterior border of the
ilium at its summit, and another—the anterior inferior spinous
process—projects from it a little above the thigh-socket. From
the hinder end of the crest of the ilium descends its posterior
border, the summit of which is marked by the posterior
superior spinous process, separated by a small notch from a

? So called from its relation to the f/ia, entrails,

2 In reference to its superficial exoskeleton—7 e. the hair.
3 Named from the Greek ioxia, hips.
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strongly marked prominence called the posterior inferior
spinous process, beneath which-the border is deeply excavated
and concave,

» The inner surface of the ilium is concave, forming the //iac
fossa, and at its hinder part is a rough irregular space for
articulation with the sacrum. The ilium forms about the
upper third of the socket for the thigh-bone.

FIG. 153.~INNER SipE of RIGHT Os INNOMINATUM oF MAN.
a4z, anterior xn{erior SPINOUsS process, as, anterior superior spinous PI’OCQ‘s; au,
auricular surface ; ¢, crest, 7, ixchium , 2/, 1hac fossa ; g, pubis—its horizental
ramus ; pe, posterior inferior spinous process; As, posterior Superior spmous
process , s, spine of the ischium ; sy, part of the pubis which abuts against its
fellow of the opposite side to form the pubic symphysis

The puébis, or pubic bone, forms the inner part of the thigh-
socket, joining the ilium above, and at its junction con-
tributing to form the ilio-pectineal emmence, It thence pro-
ceeds horizontally inwards (as a band of bone flattened from
without inwards, called the horizontal ramus) till it meets with
its fellow of the o?posite side, when it turns sharply down-
wards. The junction of the two pubes is termed the sym-
physis, and the part of each pubis next the symphysis is
sometimes called the dody ; thence the pubis runs outwards
and downwards (as a flattened band, similar to the horizontal
ramus, with which it forms an acute angle) till it meets the
ascending ramus of the ischium.

The #schium forms the outer and lower part of the thigh-
socket, and indeed of the whole bs innominatum. The dody
of the ischium forms about two-fifths of the socket for the
thigh, which cavity is situated on its outer side. The bodyis
broad, and sends from its posterior outer margin a large sharp
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process called the spine of the ischium. Below this, and below
the socket, the bone contracts and then expands again, the
expansion having a rough prominent surface, which is called
the tuberosily of theischium ; and it is the two tuberosities (of
the two ossa innominata) which support the body when in a
sitting posture. Just below the tuberosity, the ischium sends
forth a flat band of bone (the ascending ramus), which, curv-
ing forwards and upwards, meets the descending bony band
of the pubis spoken of above.

The socket for the thigh-bone (which has been so often
referred to) is called the acefabulum,' or cotyloid® cavity. It '
has a prominent rim, except at the inner and lower part
where the rim is interrupted by a notch (the cotyloid notch).
There is no perforation in the acetabulum, but its surface just
within the notch is depressed, the'depression affording attach-
ment to the very strong Zigamentum teres (or round ligament)
which goes from it to the head of the thigh-bone.

Enclosed by the ilium, ischium, and pubis, there is in cach
os innominatum a vacant, oval space called the ob/urator’
foramen, one such being placed on cach side of the pubic
symphysis.

The deep concavity, in the posterior border, between the
posterior inferior spinous process of the ilium and the spine
of the ischium, is called the greater wschiatic noich; the
smaller concavity, between the spine of the ischium and the
tuberosity of that bone, is called the lesser ischiatic notch.

The two ossa innominata, together with the sacrum, form
what is called the pelwis, or basin-shaped cavity which sup-
ports the viscera.

The internal surface of cach os innominatum is divided
into two parts by a prominent line running upwards and
backwards from the upper part of the pubis to the sacrum.

The width from side to side of the pelvis is but rarcly ex-
ceeded by its depth from behind forwards, but exceeds the
greatest vertical extent of the ossa innominata.

A strong ligament connects the tubcrosity of the ischium
with the sacrum, the coccyx, and the posterior margin of the
ilium. This is called the great sacro-sciatic ligament. Another
ligament goes from the sacrum and coccyx to the spine of
the ischium. This is termed the small sacro-sciatic ligament.

¥ From its bl to an ancient vigegar cup.

2 From korsAn, a cup.

3 Because 1t surrounds the obturator membrane which closes up part of the
pelvic cavity,
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3. The FEMUR is the longest bone of man’s skeleton, and,
like the humerus, is more or less cylindrical, with a rounded

head to fit into the acetabulum above,
and with an expansion below with
two articular surtaces.

The. shaft is slightly arched for-
wards, is smooth in front but with
an elongated prominence bchind,
termed the linea aspera, which is
most marked about half-way up the
bone.

At the upper end of the shaft are
two conspicuous projections. The ex-
ternal one of these (projecting from
the outer margin of the bone, which
it continues upwards), is called the
great, or peroneal® trockanter. The
internal projection, which is smaller,
more conical, and rounded, stands out
from the inner and hinder side of the
bone, and is called the lesser, or tibial
trochanter.

Between the two trochanters, on
the hinder side of the femur, a bony
prominence extends, which is termed
the posterior inter-trochantericridge ;
and a less marked line, the anterior
inter-tr ochanteric ridge, also connects
the two trochanters on the frout sur-
face of the femur.

On the inner and hinder side of the
great trochanter is a pit, termed the
trochanteric fossa.

From the inter-trochanteric ridges
a narrower rounded portion of bone
projects inwards, forming an obtuse
angle with the shaft. This is called
the neck of the femur. 1t endsina
rounded /Jead (forming a large part
of a sphere) which fits into the ace-
tabulum,

F1G. 154.—Fronr View or
Riont FEmMur oF MaN.

ec, internal mnd)gle , etu,
cxternal tuberosity ; g f7,
great trochanter , 4, head .
#c, external condyle ; 2 ¢w,
internal tuberosity, Z¢7,
lesser trochanter; 72, neck
of the femur.

The femur is connected with the os innominatum by the
strong ligamentum teres before mentioned, the attachment of
. T Because situate on the same side as the peroneal bone of the leg.
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which to the femur is indicated by a pit on the head of that
bone. It is also attached by a bag-like (or capsular) liga-
ment, which, extending from the innominate bone, is inserted
into the inter-trochanteric lines. .
1t is the neck of the femur which is so often broken b;
old persons, through alteration, not only in the texture, but
also in the shape of the bone ; for with age the neck comes to
form with the shaft a less and less open angle, and the bone
is thus less and less adapted to resist vertical pressure. -

F1G. 155 —PosTERIOR SURFACE oF Urrrr PART oF RiGHT FEMUR oF MAN.

ir, intertrochanteric ridge ; g#r, great trochanter, /¢r, lesser trochanter, »,
neck ; g, pitin the head of the femur for the ligamentum teses.

Fracture of the neck of the bone is called a fracture within
the capsule, because the part broken is within the capsular
ligament. Such a fracture can never be adjusted, the leg
being drawn up by the muscles and shortened, producing
incurable lameness for the rest of life.

On the outer side of the hinder part of the femur, a little
below the great trochanter, is a more or less marked vertical
ridge, which serves for the insertion of the glutens maximus
muscle.

At the lower end of the femur are two prominences named
condyles’ (see Fig. 154), separated behind by a median de-
pression.

The external condyle is the larger, and more forwardly pro-
jecting ; its articulating surface is also broader and ascends
higher on the front of the bone. On its outer surface is a pit
for the tendon of the popliteus muscle, immediately above
which is a projection named the cxtcrnal tuberosity.

The internal condyle is longer, and descends lower down
than the external one. On its inner side is a projection called
the internal tuberosity.

The articular surfaces of the femur meet in front, and form
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one for the knee-pan. Posteriorly they diverge, leaving
between them a space called the iner-condyloid fossa. The
femur docs not articulate with the fibula.

*The knee-pan, or PATELLA, is a small bone somewhat tri-
angular, yet rounded in outhne, con-
vex in front and ‘with two articular
surfaces (to fit to the condyles of the
femur) behind.

It is attached above by its broad
upper margin to the tendon of the
front muscle of the thigh. Below, a
ligament goes from its pointed lower
end to the upper part of the shin-bone.

4. The TIBIA, or shin-bone, is, like
the femur, an elongated bone, more
so than any other in the human body
cxcept the femur. It transmits the
whole weight of the body to the foot.

Its upper end is very wide, and
presents two concave articular sur-
faces (condyles)—which receive the
two condyles of the femur—and be-
tween them an eminence (the spine),
behind which 1s a pit giving insertion
to one cnd of one of the crucial
ligaments which connect the femur
with the tibia. These igaments pass,
one from the pit just mentioned to N
the outer side of the inner condyle of em m
the femur, while the other goes from
the front of the spine of the tibia to F'g, ik
the inner side of the outer condyle of  or Man.
the femur. Two inter-articular carti- ¢, crest of the tibia . e, ex-
lages, called semilunar, are also ernal :“‘l‘)ﬂe"‘!‘s'- o ex-
interposed between the cartilaginous T,zad“o,-':{;"ﬁg,{}a_',',:;
:\;l't:cula; ;urf:;.)ces of the femur and lre\:i::alllm::l::l‘;s ;t:f--ir‘\:
those of the tibia. Y IETOSILY § &

Two other ligaments may be noted. of the tibia.. 4 tubercle.
One, the #nternal lateral ligament,
goes from the internal tuberosity of the femur to the inner
surface of the tibia; and the othei, the cxternal lateral
gz{almml, goes from the outer tuberosity of the femur to the

ula.

The shaft of the tibia is triangular in section, being pro-
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duced into a sharp ¢rest in front, on the internal side of
which crest the bone is convex, and concave on its outer side.
At the upper end of the front of the shaft is a prominence
called the tuberosity, or Zubercle. .

The lower end of the bone is much smaller than the
upper. Its lower border has a single groove behind for the
tendons of the tibialis posticus and flexor longus digitorum
muscles.  Its outer surface is concave for the reception of the
fibula. Itsinner margin is produced downwards into a strongly
marked triangular process, called the internal mallcolus.
This forms the bony projection on the inside of the ankle,
and articulates with the mnner side of the tarsus. Another
articular surface, concave and quadnlateral, is situated on
the under-surface of the lower end of the tibia, and articulates
with the summut of the tarsus. The hinder margin of this
articular surface descends D.low its anterior border.

5. The FIBULA is the slenderest bone, in proportion to its
length, in the body, and extends on the outer side of the leg
from near the knee down to the ankle.

Its upper extremuty is shightly enlarged into what is called
the head, which articulates with the outer side of the head of
the tibia, and gives insertion to the external lateral ligament.
It does not mount upwards so high as does the tibia.

- The shaft of the bone is irregularly triangular in section.
Its lower end is expanded into what is called the external
malleolns, which forms the bony projection on the outer side
of the ankle and articulates with the outer side of the tarsus.

This malleolus projects downwards considcrably further
than does the internal malleolus. On its inner side it articu-
lates with the tibia. .

Thus we have in man a horizontal articular surface for the
tarsus, formed by the lower end of the tibia, and two other
articular surfaces, at right angles with it, formed by the sur-
faces of the malleoli.

6. The TARSUS consists of seven bones (nonc of which
can be called “long bones”), namecly, the astragalus, calca-
neum, cuboides, naviculare, and three cunciform bones. All
these are so firmly connccted by ligamentous fibres which en-
velop them, that very little mobility is possible, though there
may be a slight rotation of the distal tarsal bones upon the
proximal ones, that is, upon the astragalus and calcancum.

‘The movement of the foot on the leg, however, takes place
entirely by the hinge-like joint by which the tarsus articu-
lates with the bones of the leg.
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The astragalus* receives the weight of the trunk from the
tibia, and is a short irregularly shaped bone, with a “body,
neck, and head.”

* In its natural ?osition, when the foot is on the ground, the
upper surface of the body of the astragalus is nearly hori-
zontal for articulation with the under surface of the shaft of
the tibia. Two other articular surfaces, almost at right angles
with the former, join the two malleoli respectively. The pos-

FiG. 157.~Dorsum, orR Urrkr Surrack, o¥ SkELETON oF RiguT Foonr.

@, astragalus ; ¢!, ento-cuneiforme , ¢?, me~o-cuneiforme ; ¢ 3, ccto-cunettorme ,
ca, culcaneum , co, cubaides, 4, distal phalanx of hallux ; m?, metatarsal of
hallux; 22— 5, metatarsals of the four outer toes ; #, naviculare.

terior surface of the body is grooved for the tendon of the
flexor longus pollicis muscle. The anterior part of the bone
1s prolonged forwards as its neck, ending in a rounded, con-
vex, articular surface (the head), which fits into the hinder
surface of the naviculare.

1 ’Acrpdyalog, a die.
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The calcaneum (or os calcis) is the bone of the heel, and
forms the posterior part of the arch of the foot, of which
the astragalus forms the keystone. The os calcis projects
much downwards posteriorly, but not inwards, and is thitk
and rounded at its hinder end (called its tuberosity), into which
is inserted the fendo Achillis of the muscles of the calf. The
calcaneum articulates with the astragalus above and with the
cuboides in front.

The naviculare (or scaphoid of the foot) is much wider
than long. Bchind, its surface is concave for the reception of
the head of the astragalus. In front it presents three suifaces
for articulation with the threc cuneiform bones. Only the
innermost of these surfaces 1s convex, and that but very
slightly.

Its inner margin sends down an obtuse process, called its
tuberosity.

Of the three cuneiform bones, the innermost, the enfo-
cuneiforme,' is the largest. Narrow above and broad below,
it presents an elongated articular surface, which is nearly flat,
for the metatarsal of the great toe. The meso-cunciforme?
is the smallest bone of the tarsus. It does not reach so far
forwards as do its neighbours. It agrees with the ec/o-
cuneifornie’ n presenting a nearly flat articular surface for the
metatarsal which joins it.

The cuboides, placed on the outer side of the tarsus, articu-
lates with the os calcis behind, and with both the fourth and
fifth metatarsals in front. Its infer.or surface is traversed by
a deep groove (for the tendon of the peroncus longus muscle),
behind which is a prominence for the attachment of a higa-
ment. .

7. The METATARSUS consists of five elongated bones, of
which the first or innermost is much the thickest and the
shortest, The metatarsals have long shafts, which, except that
(l)‘f t(}lle first, are slender, and have enlarged bases and rounded

eads.

The bases, or tarsal ends, of the four outer metatarsals
have quadrangular articular surfaces, which are almost flat,
and are as if bevelled off, so that the axis of each such
metatarsal is not perpendicular to its proximal articular
surface. Thus these metatarsals come to be directed more
inwardly than would otherwise be the case.

_The rounded heads of the metatarsals articulate with the
hinder concavities of the proximal phalanges.

! 'Evrdg, inward. 2 From peoog, middle. 3 *Lerég, without.
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The first metatarsal has its proximal, concave, articular
surface at right angles with the axis of its shaft.

The second metatarsal is the longest.

* The fifth metatarsal has its base greatly enlarged, with a
considerable preminence, or “tuberosity,” projecting from
the outer side of its hinder end.

8. The PHALANGES are three in number in each digit,
except the first, or great toe (hallux), which has but two.
These two, however, are much larger than those of the other
toes.

Often the second and third phalanges of the fifth digit (or
little toc) become anchylosed together,

The second phalanges are much shorter than thc first, and
the third phalanges are slightly shorter than the second.

Each last phalanx has its end modified to support a nail,
much as we saw in the last phalanges of the hand.

The toes being so much shorter than the fingers, the
phalanges are of course also much shorter.

9. Comparing now the relations presentcd by OTHER
ANIMALS, we find that man follows a rule which 1s universal
in having the leg-bones attached to and suspended from a
pelvis (well developed or rudimentary), which may be looked
upon as the root-portion of the limb. This root part may,
however, be present while the distal part (leg and foot) is
more or less atrophied, but the distal parts are never present
without a rudiment of the limb-root.

The bones of the inferior extremmuty of man are of full

i
1
5
pe
FiG. 158.- RuniMeNTARY PEIVIC TG, 159.—~SKELETON OF RuDI-
kxrremity oF Ophiodes. MENTARY PELVIC Lims oF Lialss.
(After Farbringer.) (After Firbringer )
/, fibula; 2, tibia. . J, femur; 2/, ikum ; g, pubo-ischium ;
2, tibia,

average development, for though in a few animals these bones
may be a little more numerous, in a far greater number of in-
stances the difference from man consists in more or less defect
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down to complete abortion. A pelvic pair of limbs may be
developed without any thoracic ones, as in Bépes, Lialis, and
Ophiodes, and rudiments of the pelvic limbs may be the only
ones present, as in Python.

10. The INNOMINATE BONE of man is one of the most
distinctive of his skeleton, distinguishable at a glance from
that of every other animal, widely differing even from that
of the Gorilla, which, however, much exceeds it in absolute
size.

This large complex ossification, consisting as it does in man
of three primitive elements, presents three distinct bones in
lower animals—the ilium, ischium, and pubis—which, as in
man, meet to form the acetabulum.

The fusion of these elements into this one bone is a
character which man shares not only with his own class, but
also with Birds. In Reptiles, however, we find three per-
manently distinct bones, whether or not they exactly corre-
spond with the three elements of the pelvis of man.

The fusion of the two ossa innomunata in a dorsa/ sym-
physis is a condition which sometimes occurs--as n the
Ostrich. In that his ossa innomi-
nata are solidly attached to the
vertebral column, man agrees with
all Vertebrates above Fishes, with
the exception of Cetaccans and
some Lizards. In Fishes, however,
such a union is invanably absent,
and the ossa innominata are repre-
sented i them by ventral hard
parts only. '

The junction of the two ossa in-
nominata at a ventral symphysis is
a less constant character. Not only
is this junction entirely absent in
the class of Birds, with two cxcep-
FiG 165 —Pelvic of the small  110DS (the Ostrich and the Rhea),

Tanrec (Hemacentetes), ~but in many Mammals (e.g. many

showing the very elongated  Bats, and [nséctivora). :

iha anl the widely open The ventral h £ il

pubic symphysis. . . al union of the ossa

innominata with a simultaneous de-

tachment from the vertebral column exists in Fishes, but
in no other Vertebrates, unless in some Reptiles with a rudi-
mentary pelvic stiicture.

A detachment both from the vertebral column dorsally and
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from its fellow of the opposite side ventrally, is a condition
which may occur, as e.¢. in the very imperfectly developed os
innominatum of Cetaceans and Sirenia, and certain Reptiles,
s.¢. the Boa Constrictor.

In that the os innominatum joins the backbone by one
attachment only (namely, that of the ilium), man agrees with
the great majority of Vertcbrates. But even in some of his
own class (as in the Armadillos, some other Edentates, and
some Bats) a second, ischiatic, bony attachment may be
formed, answering to what would result from an ossification
of the great sacro-sciatic ligament in us.

As has been said, the form of man’s os innominatum is
absolutely peculiar. Still he shares the normal characters
of his class and of Vertebrates generally, in that the inferior
bony elements on each side arc rather short and mainly

Fic 161~ Ricit Sipr or Trivis or A Birp

a, acctabulum , ¢, caudal vertebra, @' —d'3, thice dosal vertelnze ; 2/, ilium;
w0, great fmamen caused by the post-axial union of the ihum and ischium ;
¢, chiun ; 0, very elongated obturator foramen ; g, pubis.

directed ventrally. Thesc clements may, however, be very
much clongated and mainly directed post-axially (7.¢. back-
wards, if the body is placed horizontally), as in Birds. The
ventral elements may be single, as in Batrachians, and if
double, as in man, they may apparently consist of parts which
do not correspond with the two clements existing in him and
other Mammals ; such a diversity of structure scems to exist
in Reptiles.

In so far as the #/ium of man is a broad flat bone, it differs
from that of Mammals generally, and only agrces with certain
exceptional forms, such as the Elephant. Sloth, and Gorilla.

The extent of the ilium in the line of the backbone mag; be
very much greater than in man, as is the case in Birds, where
it is prolonged both pre- and post-axially to a very considerable
extent, thus connecting in one whole mapy vertcbrze. It is
probably the pre-axial part of the bird’s ilium which corre.
sponds with that of man and of Mammals, while its post-
axial part scems to correspond with the ilium of Reptiles,
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The ilium may be a three-sided columnar bone, as in the
Kangaroo and many Rodents. The posterior part of the
ilium may become anchylosed with the ischium, as is the case
in Birds. .

Wherever there is an acetabulum it is in part formed b,
the ilium.

F16 162 —Sipr View oF Bones oF PosSTERIOR EXTREMITY oF GREENLAND
RIGHT WHALE (Balana mysticetus).

§, ischium ; £, femur ; #, accessory ossicle, probably representing the tibia.
(From Eschricht and Reinhardt.)

The ilium may be altogether absent while the ischium is
present, as probably in the Cetacea. It is never present
without any other pelvic element, except in the Amphisbenian
group of Reptiles.

The prominence of the inferior anterior spinous process
in man is exceptional, yet it is exceeded in proportion in
some of the Lemuroidea. .

In Marsupial Mammals and Monotremes we find two
distinct bones articulated, one on each side of the pre-axial
margin of the pubes. They are called “Marsupial bones,”
and are further noticed below, § 11.

The ilio-pectineal eminence is rudimentary in man com-
pared with that existing in some other animals even of his
own class. Thus in certain Bats it is a very elongated spine
projecting upwards from the brim of the pelvis, and it is a
very prominent process in the Kangaroo, and sometimes in
Marsupials arises from an independent ossific centre. In
Reptiles we find a pair of separate bones, usually called
the pubes, and meeting generally in a ventral symphysis.
They do not, however, so meet in all Reptiles, eg. the
Crocodiles and the Snake Stenostoma. These so-called
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pubes are at their maximum of relative size in the Tortoise,
where each develops a large process ending freely, like the ilio-
pectineal eminences or marsupial bones of Mammals.

in Tailed-Batrachians the ilia are represented by rib-like
bones which articulate each with one or at most with two

F16 163 —RIGHT SIDE oF PELVIS OF Froa

2, thum ; #s, ischium ; g, pubis. The three bones meet at the upper margin of
the acetabulum,

vertcbrae. In the Frogs and Toads the ilia are very peculiar,
being extremcly elongated, and meeting together posteriorly
above the acetabula in an #/ac symphysis. In spite of the
superficial resemblance between the limbs of man and the
Frog, the pelvic structures are thus singularly different.

Fi6 164 —The two Ossa Innominata of the Angler-fish (Zopkins), showing the
ascending processes which wmulate 1tha  ‘Lhe fin-rays are attached to the

outer-ventral margin of each os innominatum. »

It is not probable that any solid representative of the ilium
exists in Fishes, but in the Angler (Lophius) the os innomi-
natum sends up a process simulating somewhat the ilium, as
does the innominate cartilage in the Chimara. .
. The ilium of an animal may closely resemble its scapula
in shape, as in the Tortoise and Chameleon.

The so-called pwéis of Reptiles may answer to the ilio-
R«{ectmeal eminences, or possibly to the marsupial bones,! of

ammals. A small bone attached to the front of the pubis

1 For these bones see below, p. 194
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of the Ostrich may possibly represent the mammalian mar-
supial bone.

In that man’s pubis is a plainly distinct pelvic element,
man agrees with all of his class except those which have
an imperfectly developed innominate bone.

In all Reptiles this bone appears (if the view above stated
as to the ilio-pectineal eminence 1s correct) to be fused
with the ischium, If this be so, then the obturator foramen
has no existence in Reptilia except transitorily (as in the
young Lizard); while that foramen which resembles and
has been describel as the obturator foramen in Reptiles
really corresponds with the space between the brim of
the pelvis and a line drawn from the marsupial bone, or
else from the ilio-pectineal eminence, to the pubic symphysis.
This false obturator foramen may be called the cordiform
Jforamen.

As has been already said, in some Insectivora and Bats
the pubis does not meet its fellow of the opposite side in a
ventral symphysis. In the Mole the pubis has so little
extent that the pelvic viscera pass outside and in front of
the pelvis.

The pubes in Birds are very long, and hent post-axially.
They never meet in a ventral symphysis except 1n the Ostrich.

As the #schinm in Mammals is the more constant and
larger of the two ventral pelvic bones, it may be considered
rather itself to have absorbed than to have been absorbed by
the pubis, in those lower forms in which these two elements
do not seem to be differentiated.

The ischium of man is small compared with that of
Mammals generally ; its proportional development is closcly
approached, however, in the slender Loris.

The prominent development of the spine of the ischium
is absolutely peculiar to man.

The tuberosity of the ischium in the human species is very
small and inconspicuous compared with its condition in
most Mammals. Even in the very highest Apes it is much
larger than in man, and in the Gibbons and other monkeys
of the old world it is not only very large, but everted and
flattened with a rough surface for the attachment of a
thickened skin, or callosity. It is largely everted in Dogs and
Ungulates. In all the Edentates, except the Cape Ant-eater,
the ischium anchyloses with the vertebral column, and the
same union occurs in some Bats.

In the Cetacea the pelvis is represented by what is pro-
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bably a pair of ischia. These are long and slender bones
detached from each other as well as from the vertebral
column.

“This ischium may be elongated, produced backwards (z.e.
post-axially) and downwards, and separated from its fellow in
the middle line ventrally, as in all Birds except the Rhea,
in which latter these bones bend upwards and meet at their
distal ends.

The ischium of Birds generally anchyloses more or less
with the posterior part of the very elongated ilium.

In Reptiles the ischio-pubic bone generally meets its fellow
in a ventral symphysis. It may do so when the other ventral
clements do not so meet. Such is the case, ¢.g., in the Snake
Stenostoma. On the contrary, it may fail so to meet its
fellow, although the other ventral elements effect a junction.
We find this condition, e.g., in the Lizard Seps. Often, as
eg. in the Boa, the bone may be represented by a mere
cartilaginous rudiment.

2
%ﬂ%
P

F16. 165 —SKELETON OF RUDIMENTARY PeLViC LiMB ofF Boa CoNSTRICTOR.
(After Furbringer.)

), rudimentary femur, at the end of which is ()a minute, triangular, and hook-like
tibia, 1, so-called pubis—possibly an enormous ilio-pectineal eminence ; /,
rudimentary ilium ; g, ischium or pubo-ischium

A tuberosity of the ischium generally exists in Lizards; this
does not, however, anchylose with the vertebral column, but
is connected by a strong ligament with the hinder end of the
ilium, which ligament answers to the great sacro-sciatic liga-
ment of man. -

In Tailed-Batrachians the ischio-pubic bone or cartilage is
a large lamelliform expansion with an elongated symphysis.
It may form one single cartilaginous undivided plate, as in
Protens. 1In Frogs and Toads the ischia are small, lamelli-
orm, and so closely applied and anchylosed together as to
be, as it were, all symphysis.

In Fishes the ossa innominata have already been noticed,
and they consist probably of ischio-pubic bones or cartilages
only. We here, however, often meet with an anomaly of
connexion not found in any higher class. Thus we find the
Innominate bones in many cases directly connected with the

(0}
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pectoral girdle. Insome Fishes, as ¢.g. the Angler (Laphius),
the ossa innomiinata are articulated directly with the hinder
border of the clavicles, while 1n other Fishes they very often
are but little removed from them. Fishes in which the
hinder limbs are placed far forwards are called thoracic
(Ca.sd)the Perch), and when still more so, jugular (as the

od).

Rarely, as e.g. in the Opah Fish (Zawmpris), the os innomi-
natum joins tha coracoid, which in this species is enormously
enlarged.

F1G. 166. - PrLvis OF ECHIDNA.
3/, ilium ; s, marsupial bone , 2, pubis, s, sacrum.

11. Certain bones called MARSUPIAL BONES, of which no
ossified representatives exist in man, may be attached to the
pelvis. Thus, in him the internal tendon of each external
oblique muscle is neither ossified nor chondrified. In all Mar-
supials, however (except the Thylacine, or Tasmanian Wolf),
and in the Monotremes, these tendons are largely ossified,
the ossifications being movably articulated with the brim of
the pelvis. Such ossifications constitute the marsupial bones.
In the Tasmanian Wolf these parts are represented by carti-
lages, but no such structures have been detected in other
Mammals, except that there is a slight chondrification of
the same part in the Dog. In the Chameleon the brim of
the pelvis supports small bony nodules, and in the Ostrich a
small bone is attached to the front of the pubis. Possibly
(as before said) the so-called pubic bones of Reptiles may
be marsupial bones, if they do not rather correspond to
ilio-pectineal eminences.

- Another possible ossification which has no representative
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in man is the os cloace. 1tis an azygos median structure
which extends backwards behind the ischio-pubic symphysis,
as ... in the Lizard Psammosaurus.

Similarly a median azygos structure (pointed or forked)
may be developed from the front of the ischio-pubic sym-
physis, as in Menobranchus and Salamandra. .

The acetabulum of man 1s very well developed as compared
with that of other animals. In its formation by the three
pelvic bones it follows the universal mammalan rule. In that
its cup 1s -completely ossified it also
rescmbles all Mammals except the
lowest (z.e. the Monotremes), which
agree with Birds in having the ace-
tabula perforated.

In Reptiles generally three separate
ossifications also concur to form the
acetabulum. In Crocodiles, however,
the so-called pubis does not concur
1n its formation.

12. The supremacy in size of man’s
FEMUR over the other parts of his
skeleton 1s not shared by the femur of
most other Vertcbrates, and this im-
Fortant bone seems raicly, if cver, to
have any representative whatever in
the skeleton of Fishes. Nevertheless
a single cartilage (as in Ceratodus)
which articulates with the limb root
may be the representative either of
the thigh or leg bones. y

Confining oursclves therefore, flor Fi 107 — AR TU AGINOUS
purposes of comparison, to Mammals, SKELF1ON 0k A Linior
Sauropsida, andeatruchians, we find f’h‘c’r";"‘{”" (Adier Gun-
the femur under a certain aspect MOre e 1 ge upper prece articu
constantly present than the humcius, lates with the himb root
For although it is often absent when
the humerus 1s present (as in forms like Siren, which have
pectoral hinbs but no pelvic ones), yet it is sometimes present
In a more or less rudimentary condition when no representa-
tive of the foot coexists with it.

Such is the case, ¢.¢., in some Whales (as the Greenland
Whalc) amongst Mammals, and certain Snakes, e.g. Boa, and
certain Lizards, e.g. Lialis,amongst the Reptiles. In absolute
length the femur of man exceeds that of almost all other
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animals, only the largest beasts forming an exception in this
respect. .

As the longest bone of the leg (Z.e. in the proportion in which
it exceeds the length of the tibia) the femur of man is dis-
tinguished from that of all Birds, and from that of almost all
other Mammals except of those Cetaceans which have a rudi-
mentary femur and a still more rudimentary tibia. Yet oc-

casionally (as e.¢. in the Great Ant-eater
@ and certain Apes) the femur notably
exceeds the tibia in length.

In many Reptiles and Tailed-Batra-
y chians, however, the femur exceeds the

tibia as much as-or more than in man,

5 and that not only in forms like Boa,

where both bones are, though in differ-

. ent degrees, rudimentary, but also where
Flﬁ'u:;‘xi'mns:f;f Peivic  both are fairly developed.

Lims oF Lialis. For all that the several parts of the

(After Furbringer.)  femur may exhibit different degrees of
/. femur; i, ilium: g/, development in different animals, yet on

pubo-ischium ; # tibia. *  the whole it is a substantially constant

bone as to its form and structure ; more

so even than is the case with the humerus, as the femur

never attains the great relative length which the humerus

attains in the Bats, nor is it ever reduced to the shortness
and thickness which that part presents in the Mole.

In the proportion which it bears to the hind limb as a
whole, the femur of man is exceptionally developed, though
not quite so much so as in many Reptiles and Tailed-Batra-
chians. Its proportion, however, may become almost insig-
rificant, even in Mammals, as in the Seals. It is in these
aquatic Carnivora, and in the extinct Ichthyosaurus, that the
femur ig relatively at its shortest.

Itis a short bone (when compared with the leg and foot)
in the Ruminants and Horse family.

The curvature which the shaft presents in man may be
exaggerated, as in Tortoises, while the bone may almost
become straight, as in the Lemurs, Carnivora, Bats, &c.

The development of its neck is a character which the
femur of man by no means shares with that of all Vertebrates;
on the contrary, the neck of the bone is most exceptionally
developed in him, In the majority of cases (as ¢.g. in Birds)
there can hardly be said to be any neck, and in many forms,
e.g. the Rhinoceros, there is none whatever.
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The head of the femur is almost always rounded ; rarely
(as eg. in the Crocodile) it is transversely extended, some-
what like that of the humerus in. Birds.

‘The greater (peroneal) and lesser (tibial) trochanters are
very constant structures, one or both appearing in a more or
less developed condition down to the lowest Batrachians.

The great trochanter may be more prominent than in man.
This is the case, e.£., in Ungulates. It may, on the contrary,
be comparatively insignificant, as in the Great Ant-eater and
Elephant ; or absent, as in the Lizard Grammatophora.

The lesser trochanter may be about as salient as the

reater one, as in the Ornithorhynchus ; or much more so, as
in Uromastizx, Leiocephalus, and Cyclodus; it may be all
but absent, as in the Elephant, or quite so, as in Birds.

The two trochanters may be equally developed, one on each
side of a very short neck, as in Bats.

The two trochanters may be fused into one, as in Testudb.

In addition to the two trochanters, the slight ridge which
serves in man for the insertion of the glutens maximus
muscle may be ‘drawn out into a great prominence termed
a *“third trochanter,” This is the case, e.g., in the Horse,
Rhinoceros, Hare, and Armadillos.

This third trochanter may be represented by a prominent
ridge running along the whole outer side of the shaft, as in
the Great Ant-eater.

The head of the femur, instead of being directed inwards,
may project forwards over the exterior surface of the bone,
as in 7estudo and the Bats.

The pit for the ligamentum tcres, though present in Birds,
may be quite absent in members of man’s own class, e.g. in
Seals, Elephants, Sloths, and others. This depression, appa-
rently so important, may be present or absent in different
individuals of the same species, as in the Orang-Outan and
Gorilla.

The lower end of the femur may be more, or less. expanded
relatively than in man, and this both transversely and antero-
posteriorly.

Thus the latter dimension is greatly in cxcess in the Rumi-
nants ; the transverse dimension in the Seals and Ornitho-
rhynchus.

Instead of the inner condyle descending the more, it may
be the outer onc that does so, as is the case in Birds.

The depression in front between the condyles—* rofular
surface "—(serving in man to lodge the patella) may be
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wanting, as in Testudo, or all but wanting, as in the Wombat.
It may be very narrow, as in Pleropus. 1t may be much
marked, as in the Ruminants.

The pit for the origin of the popliteus muscle may be
much deeper, and coexist with a similar pit in the external
condyle (for the origin of the flexor longus digitorum muscle),
which condition, together with the narrowness of the rotular
surface, may give the lower end of the femur a peculiar aspect,
as in Pteropus.

The external condyle may present a marked groove sub-
dividing it. This is the casc in Birds, where this groove
serves to receive the head of the fibula.

Instead of the concavity which exists in man at the pos-
tero-inferior part of the shaft (increased through the back-
ward projecting of the condyles), this part may be nearly flat,
as in Birds.

Neither tuberosity is ever perforated like the internal con-
dylc of the humerus in some Mammals.

The femur may be only a rudiment even in some Mammals,

b
54

Fi 16y —SnELLTON oF RubiveNTARry Privic Limp or Boa CONSTRICTOR.
(After Furbringer)

/, rudimentary femur, at the end of which 15(#) a nunute, triangular, and hook like
tibia ; 7, so called pubis—possibly an enormous ifio-pectineal emimnence, /,
rudimentary thum , 2, ischwum, or pubo-ischium.

as e.g. some fin Whales ; and the same may be the case in
some Reptiles, as ¢.g. Lialis Burtonti, Boa, and Stenostoma.

The PATELLLA may be wanting altogether in man’s own
class, asin the Wombat. It may be very small, as in the Bats
and Seals. It may be very narrow 1n proportion to its length,
as in the Agouti ; or extraordinarily large and clongated, as
in the Grebe; or represented by two super-imposed ossifica-
tions, as in the Ostrich. Every trace of it may be wanting,
as in the Frozs and Tortoises. It may be irregular in shape,
as in the Bustard and Ostrich.

13. That important bone of man, the TIBIA, attains a yet
greater relative size in very many Vertebrates than it docs in
him. Like the femur, however, it is not universally present
in every class, as it has no distinct representative in Fishcs.

As compared with its fellow leg-bone (the fibula), the tibia
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shows a predominance of size, like that of the radius in the
arm over the ulna, and this to a yet greater degree. Thus
while, like the radius, it never aborts though its fellow may
do so, it never in existing animals even becomes the subordi-
nate bone of the two, as is the case in the radius compared
with the ulna in Birds. Yet in length it may be excecded by
the fibula, as e.¢. in the Ornithorhynchus; and a certamn slight
subordination appears to have existed 1n the extinct Reptiles
Ichthyosaurns and Plesiosaurus. Morcover, the two bones
are developed equally in certain existing Reptiles with rudi-
mentary limbs, e.g. Se¢ps and Ophiodes, and in Batrachians
also.

In its elongated figure the tibia of man agrecs with the
same bone as generally developed, and 1t never becomes in
any existing species so relatively short and thick above as
does the radius in Cetacea. Such is the case only in the
extinct Plesiosaurus and Ichthyosaurus.

The relation which 1t bears to the femur is less constant
than that which the radius bears to the humerus. We have
seen that where in Vertebrates above Fishes the humerus is

Fic 170.—SipE View oF Bonks oF PosTERIOR FATREMITY OF GREENLAND
RieHT WHALE (Balena mysticctus,

7, 1schium , £, femur , 7, accessory ossicle, probably representing the tibia.
(From Eschricht and Renkardt.)

represented by a bone or cartilage, the radius is also developed.
But in Megaptera longimana and Balenoptera musculus we
have a rudimentary representative of the femur, but none
whatever of the tibia ; while in Balena mysticetus and in Boa
constrictor there is a tolerably large ossicle representing the
femur, but only a minute rudiment representing the tibia.
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Instead of being free as in man, thetibia may anchylose at
each end with the corresponding extremities of the fibula,
as is the case in the Armadillos and often in the Seals.

Very often it anchyloses with the fibula below only, as in
the Rabbit and in some Birds, e.g. Adjutant and Ostrich (and
as in one member of man’s own order, Zarsius) ; or above
only, as, at least sometimes, in the Cape Ant-eater.

There may be an apparently single representative of the
two bones of the leg which are completely fused together, ar
in the Frog. o

Fi1G. 171.—RiGHT PrLVIC LIiMB OF GIRAFFE.

a, astragals ; ¢, cal ; c, cuboides ; &3, proximal phalanx of third digit :
44, proximal phalanx of fourth digit ; /, femur ; /7, rudiments of fibula (the
line 15 not continued far enough—the rudimentary fibula is a small ossicle
reposing on the upper surface of the calcaneum, as shown in the figure):
#2344, metatarsals of digits 3 and 4 united mto onc ‘‘cannon-bone”;
Pa, patella ; ¢, tibia. '

The tibia may be the only long bone of the leg, through
the small development of the fibula, as is the case in Rumi-
nants and in the Horse tribe.

The space which exists in man between the tibia and the
fibula may be exceedingly reduced, as is the case, ¢.., in Birds
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and in some Mammals, ¢g. the Cats. It may, however, be
very wide, as in the Sloths and Wombat and Cape Ant-
eater,

+ This bone in man is peculiarly shaped in relation to his
erect posture.

Thus, comparing man’s tibia with the same bone in other
members of his own order (Primates), we find that it is longer
as compared with the spine than in any other genus except
Hylobates and Tarsius, and longer as compared with the
radius than in any except Hapale and Tarsius.

On the contrary, its length as compared with the femur
is less than in any other Primate.

The tubercle of the tibia is probably at its maximum of
distinctness in man as compared with the rest of his class,
and the articular surfaces for the
condyles of the femur occupy a
maximum proportion of the upper
surface of the tibia.

The sharpness of its crest in man
exceeds that of any other Primate,
and the descent of the posterior
border of the articular surface for the
astragalus below the anterior margin
of that surface is peculiar to him.

The tibia may be very much
curved, ¢.g. in the Ornithorhynchus,
yet it may be straight and exces-
sively long, as in many Birds.

The crest may project very promi-
nently and sharply at the upper end
of the bone, as ¢,¢. in Ruminants, the
Kangaroo, and Hare.

The tubercle of the tibia may be
enormously produced upwards into a
long pointed process, as in certain
Birds, e.g. the Grebe and Divers. Fic. 1172--1&9-nonns oF

In some forms nearly allied to man, bTﬁ'l"‘ NIVER (Colymbus).
as the Orang, the articular surface of %54/, :f,‘;‘r‘,‘;mi,;‘;’::_
the malleolus forms an obtuse angle duced tubercle.
with the inferior surface of the tibia.

The tibialis posticus groove may be much deeper than in
man, the portion of bone separating it from that for the flexor
longus pollicis pedis having thus the appearance of a promi-
nent process. Such is the case in Nycticebus.
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Distinct malleoli may be wanting, and are so in Vertcbrates
below Mammals. The lower end of the tibia of all adult
Birds is very different from that of the other classes. This,
however, is due to its being made up of the proximal patt
of the tarsal element, on which account it cannot here be
compared with the lower end of the tibia of man and
Mammals. Nevertheless, exceptional forms (like the Ostrich)
show us that the true tibia of Birds is destitute of mallcoli.

The tibia never assumes t! at crossed position 1in relation
to the fibula which the radius assumes in relation to the ulna,
and which is termed pronation. Nevertheless, a modified
action may take place in certain Marsupials, viz. the Phalan-
gers and Wombat.

Crucial ligaments and inter-articular cartilages may be
wanting, as in Tailed-Batrachians, though present in Birds
and Saurans.

14. From what has been alrcady said it is clear that the
FIBULA of man can only be illustrated by bones of Mammals,
Sauropsidans, and Batrachians.

The fibula of man in its subordination to the tibia, occu-
pies a medium position, as has becn noticed in describing
that bone.

It may be relatively more reduced in size than in man, as
is the case in Birds and in Ruminants; or it may be com-
pletely absent when the tibia is rudimentarily represented,
as is the casc in Balana mysticetus and Boa constrictor.

The conditions as to its anchylosis with the tibia have
already been mentioned.

In its reduced state the fibula may be quite styliform, as in
Birds ; or 1t may be developed inferiorly, but atrophied at its
upper end, as in Bats.

It may be represented only by a small ossification in the
place of the external malleolus, as in the Ox, and with this
therc m&y exist (though widely separated from it) a little
irfl)'llfform rudiment of the upper end of the fibula, as in the

The fibula may be much bowed outwards, as in the Cha-
meleon and the Bat Molossus, but it is generally nearly
straight, or quite so, as in Birds.

The upper end of the bone may join the femur, as in
Marsupials and Birds, and this end may be produced
into a large process Iike the olecranon of the ulna (as in
Cook’s Phalanger), to which even a sesamoid bone may be
annexed.
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This process may attain a very great size, as e.g. in the
Ornithorkynchus and Echidna.

In man alone does the external malleolus descend greatly
below the internal malleolus. The lower end of the fibula
may be very much cnlarged, as in the Hippopotamus. Its
lower end may develop a conical process, which, turning in-
wards, may fit into a depression
on the outer side of the articular
surface of the astragalus, as 1
the Sloth.

15. Inasmuch as the FOOT of
man is made up of the tarsus,
metatarsus, and phalanges, it
agrees with the same part in
Mammals and Batrachians.

In Birds, however; the proxi-
mal part of the tarsus is an-
chylosed with, and in Reptiles
more or less firmly united with,
the tibia, so that the visible foot
of Birds corresponds but with
the greater portion and not the
whole of the foot of man.

The foot, in one aspect, is less
constant than the hand, as cle-
ments of the leg (as in Balana
and Bea) may be present while
there is no rudiment whatever
of the foot.

16. Inthat the TARSUS of man

Fi. 173 —AN1TFRIOR ASPECT OF

contains certain small and dis- Bosks o¢ Ricut 1 ie or Orm-
tinct bones, it agrees with the — #eriynchus paradosus

same part in all Vertebrates /> femar. f e, /% fibula,
above Fishes, except Birds (in (From ana:u—r's“chhm./n;y )
which the tarsus coalesces with

other portions of the skeleton), and except also certain
Tailed-Batrachians, in which the constituent parts of the
tarsus remain more or less permanently cartilaginous.

The number of ossicles, or cartilages, may be as many as
nine, as in the Salamander ; or may be reduced to three, as in
Proteus, Bufe bifurcatus, and Lacerta agils; or perhaps to
two, in Opluodes striatus,

We have seen that part of the carpus of man may be
represented by mare elongated bones, as in the Crocodile.
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This variation may, however, be carried out to a much greater
degree, and in two different ways, as regards the tarsus.

F1G. 174 —RUDIMENTARY PELVIC EXTREMITY OF Opkiodes.

J, fibula; ¢, tibia. (Affer Furbringer.)

For, first, the os calcis and naviculare may be so extra-
ordinarily produced as to become completely long bones—
adding a segment to the limb—as in 'I‘Er.viu.v, and, in a less
degree, in Galago and Cheirogaleus.

F1G. 175, —ELONGATED TARSUS OF CERTAIN LEMUROILS

1 eft-hand figure, Tarsus of Cheirogalens; right-hand figure, Tarsus of Tarsius.
4, calcaneum ; B, cuboides ; C, naviculare,

Secondly, the os calcis and astragalus may be similarly
elongated, as in the Frogs,
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17. The BONES OF THE PROXIMAL PART OF THE TARSUS
are always the largest and most important.

The astragalus and os calcis, and probably also the
naviculare, may be represented by a single bone, as in
many Lizards, and they may intimately fuse at an early age
with the distal end of the tibia, as in almost all Birds.

In this latter case these bones unite very early into one,
which remains long distinct from the tibia, only in the
Ostrich, Rhea, and Emeu ; and for some time after hatching
in the Dorking Fowl.

Wy 8

F1G. 176.—Ri1GHT Foor or EMEU. Fi1G. 177 —LEFT Foot oF A MoxiTor
a, astragalus, @ ,—d 4, second, third, Lizarn (Faranus).

and fourth digits : »r, metatarsals  f, fibula, s *—sm 5, the five metatarsals,

anchylosed together except at their m* being that of the hallux ; #, tibia ;

distalends ; 7, tibia ; /5, distal tarsal 1, astragalo-calcaneum , 2, cuboides,

element. 3, ecto-cuneiforme.

In Lizards this compound bone is extended transversely,
but very little backwards. It articulates with both the tibia
and fibula above, and has an irregular surface below for the
reception of the more distal tarsal bones.



206 ELEMENTARY ANATOMY. [LEsS.

In Birds it is also transversely and but little antero-pos-
teriorly extended, while it sends up a process which is applied
to the front of the tibia (Fig. 176, a). It may be perforated
by one or two canals for extensor tendons of muscles.

Thus no projection corresponding with the tuberosity of
the os calcis exists in this compound bone.

Inasmuch as the asfragalus of man articulates with the
tibia, it has a character which is constant. A distinctness
liké that which it possesses in him is not only, as we have
seen, far from universal, but its distinctness is less than that
of its serial homologue in the hand ; for not only may the
astragalus anchylose with other tarsal elements, but with the
long bone of the limb also, as in Birds.

The astragalus may be represented by two bones, as in
the Salamander and other Tailed-Batrachians, or it may
anchylose with the naviculare, as in the Crocodile.

It may bear a larger proportion to the other tarsal bones
than it does in man, as is the case in the Seals. It may
articulate widely with the cuboid bone, as in Ruminants.

One or even two extra ossicles may be attached to the tibial
side of the foot, as in Cercolabes.  An extra ossicle is
annexed to the astragalus in the male Ornithorhynchus and
Echidna.

The astragalus may project much beyond the os calcis, as
in the Two-toed Ant-eater.

In the Sloths the astragalus has a decp cup-shaped cavity
on its outer side to receive the process of the fibula, as before
mentioned. That of the Ormthorhynchus has a cup for a
process of the tibia.

The largest bone of the human tarsus, the calcaneum,
may have its relative size to the other tarsal bones yet further
increased, as in Zarsius, where it attains one-third the length
of the spine from atlas to sacrum inclusively taken. It may,
on the contrary, be much diminished, as in the true Seals,
or still more so, as in Birds. Where it is distinctly ossified
in Tailed-Batrachians and Reptiles, it develops no tuberosity,
except in the Crocodiles, where that process is still small. In
Birds this bone seems very early to be absorbed into the
astragalus.

It never seems to anchylose with any other tarsal element,
unless it also anchyloses with the astragalus, as in Birds and
in many Reptiles, e.g. Lacerta agilis.

The tuberosity may be very much twisted in man’s own
order, e.g. Perodicticus and Loris. It may be all but absent,
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as in the Seals. It may be, on the contrary, enormously pro-
duced, as in the Horse.

It may have appended to it an elongated ossification which
if parts enters upon the tendo Achillis, as in Bats, and this
may be of great breadth as well as length, as in Noctilio
leporinus.

The end of the os calcis is broad, bifid, and incurved in
the Ornithoriynchus and Echidna.

In that man’s ankle-joint is situated between the leg-bones
and the tarsus, it agrees with the same part not only in_the
whole of his own class, but also in Batrachians. It mag:be,
however, that the joint by which the foot moves upon thé&leg
is not so situated. This is the case in all Birds, where mogion
takes place not between the tarsus and the tibia, but betwRen
the proximal and the distal parts of the tarsus, the ankle-j@int
being in them an inter-tarsal one, with the proximal pagf of
the tarsus anchylosed to the tibia, and its distal part to:the
metatarsus.

A similar joint exists in Crocodiles, though the pr i-
mal part of the tarsus is firmly attached to the leg-bo
but by fibrous tissue, and not by anchylosis. @

Much more mobility than obtains in man may exist e
in Mammals, between the proximal and distal parts of
tarsus, as in the Orang, and espccially in Galago. v

The leg, instead of being set on the foot vertically, as g
man, may be applied obliquely, as ¢.¢. in the Orang and Pot

There was, doubtless, in the Ichthyosaurus a limitation
motion between the bones of the hind hmb, similar to that
which we find in the existing Cetacea between the bones of
the fore limbs.

The naviculare, or scaphoid, may anchylose with one of
the distal row of tarsal bones, as in the Ox and Dee1 , where
it unites with the cuboid.

Instead of being situate as in man, it may be ccntral and
distinct, as in Salamandra and other Tailed-Batrachians, and
as in Chelydra and Lhamelco. 1t may be very short and
very wide transversely, as in the Horse.

Its tuberosity may be much produced, as in Hylobates. The
articular surfaces for the cuneiforme may be remarkably
convex, as in Lozzs.

The naviculare may be greatly produced, as is the case in
Galago and Tarsius.

18. The BONES OF THE SECOND ROW are far less con-
stant and never so large and conspicuous as are those of the
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first row. They may coalesce with the metatarsals, as is the
case in Birds, the Chameleon, and in Bradypus. Almost
always short, these bones may yet, as in the Insectivore
Rhynckocyon, be lengthened somewhat, while the proximal
bones are not so.

The ento-cuneiforme presents characters which differ inte-
restingly from man’s, in species which are closely allied to

.him. Thus the articular surface for the first metatarsal,
instead of being flat, as in him, becomes convex even in
the Gorilla, and completely saddle-shaped in the Lemurs,
as also in the prehensile-footed Marsupials, e.g. the Pha-
langers.

A strong tubercle may project from the middle of the
inferior margin of the tibial surface, as in Lemur.

The ento-cuneiforme is much the largest of the three
cuneiform bones in the Seals, but it may be quite wanting, as
in the Ox and Sheep.

It may coalesce with the meso-cuneiforme bone, as in the
Horse and in Hyla palmata, or with the ento-cuneiforme also,
as in the Aligator lucius.

The meso-cuneiforme, instead of being as in man, may be
relatively very much smaller than the other cuneiforms, as
in the Armadillos called Encoubert and Cabassou, but it is
never very much larger.

It may anchylose with the second metatarsal, as in the
Chameleon and Bradypus.

As has been said, it may coalesce with one or both of the
other cuneiforms in certain Reptiles.

The ecto-cuneiforme may cnormously preponderate over
the other cuneiforms, as in the Horse. It may, on the con-
trary, be decidedly smaller than the ento-cuneiforme, as in
the Seals.

It may coalesce with the third metatarsal, as in Birds, the
Chamcléon, and Bradypus,; with both the other cuneiforms,
as in Alligator lucius, or with the meso-cuneiforme only, as
in Rana esculenta. 1t may be the only distinct representative
of the cunciforms, as in Bufo bifurcatus.

This and the meso-cuneiforme may be the largest bones of
he tarsus, as in Pygopus lepidopus.

The single condition in which the cuboides exists in man
is universal in his class, unless somectimes in the Ornitho-
rhynchus, where it is said to be represented by two bones, as
is certainly the case in some Batrachians, ¢.g. in Salamandra
and the Axolotl.
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It may, however, coalesce with the naviculare, as in the Ox

and Deer.

It may unite with the fourth and fifth metatarsals, as in

the Ckameleo and Bradypus.

19. The distinctness of the METATARSUS and the develop-
ment which this segment of the limb attains in man are

Fi1c 178 —SKRELETON OF RIGHT PEL-
vic Lims oF HoRsg.

«, astragalus : ¢, calcaneum; cw, cu-
bhoides ; ec, ecto-cuneiforme , £, fe-
mur; gZ, great trochanter , snd, meta-
tarsalof third dagat , a4, rudimentary
fourth metatarsal ; », naviculare , pa,
patefla; g, 42, and 3, first, second,
and third phalanges of the third and
only digit; s, sesamoid; ¢, uba;
#3, third trochanter,

¥i6 179 —RI1GHT PrLvic Lims or
(GIRAFKE.

@, astragalus, ¢, calcaneum ; cu, cu-
bowdes, @3, Imwim:\l halanx of
third digat, 4, proximal phalanx of
fowrth digit, /, femw , #*, rudiment
of hibula (the line 15 not %ontunued
far ecnough—the rudimentary fibula
1s a small ossicle reposing on the
upper surface of the calcaneum, as
shown 1n the figure); m3+4, meta-
tarsals of digits 3 and 4 united nto
one ‘‘cannon-bone”; pa, patella;
2, tibia.

characters which are normal in man’s class, and more or

less so in that of Reptiles.

The metatarsus may be of much

greater relative length than in man, as is the case in the

Ungulata,
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It may be that the metatarsals coalesce with the distal part

F16. 180.—RubiMENTARY PELVIC
EXTREMITY OF Ophiodes.

/, fibula, ¢, tibia,
(After Furbringer)

of the tarsus, as in Birds, the
Chameleon, and Bradypus.

Metatarsals may coexist each
with only one if any phalanx, as
in Ophiodes. The first metatar-
sals may widely diverge from the
line of the others, as in non-
human Primates, and in some
Marsupials, e.g. Phalangista.

A more complete divergence

or opposition, ‘however,

may

exist, as in most Birds; or as in the Chameleon, where the

two tibial metatarsals are
opposed to the three peroneal
ones ; or as in Parrots, where
the first and fourth are op-
posed to the second and
third.

In the number of these
bones and their sub-cquality
of development man agrees
with a great number of Verte-
brates above Fishes. Never-
theless, the number may be
much reduced, and the pro-
portions of the several bones
may vary in different modes.

Thus there may be but a
single metatarsal, the third,
with rudiments of the second
and fourth, as in the Horse ;
or but a single large one, the
fourthf with the second, third,
and fifth metatarsals very
small, as in Charopus.

There may be but a single
bone, which consists of the
third and fourth fused to-
iether, as in the Sheep, Deer,

cc., and in the Ostrich ; or of
second, third,and fourth fused
together, as in the Jerboa and

Fi. 181 — Bones oF Rignr Foor or
Chaeropus castanolis (nat, size).

a, astragalus, ¢, calcaneum; ¢4, cu-
bhoides, ¢ 3, ecto-cuneiforme ; n, na-
wviculare ; 77. 777 717 and I, second,
third, fourth, and fifth digits

(From Flowey's * Osteology ")

the Emeu ; or of these and the first also, as in many Birds.
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In such cases a separation of the lower end of the bone
into articular condyles for the differcnt digits indicates the
composite nature of the bone.

There may be but four metatafsals well devcloped, as in
the Dog ; or but three, as in Rhinoceros ; or two, as in the
Hog and Proteus ; or but one, as
has been mentioned,n the Horse
and Charopus. .

They may be anchylosed to-
gether at their proximal ends,
as in the Three-toed Sloth.

The metatarsals never scem
to decrease in size from the first
to the fifth, but often, as in man,
from the second to the fourth.
They may increase in size from
the first to the fifth, as in the
Great Ant-cater and the Orni-
thorhynchus.

The two central ones may
greatly exceed the lateral ones,
as in the Hog; or the first and
fifth may greatly exceed 1n size
the three central ones, as in the
Seal.

The second mectatarsal is
never exceptionally  reduced,
while the other four all remain
well developed.

The metatarsals arc never  Fic. 182 —Bonks oF RiGH1 Prs
enormously elongated like the oF JurBOA (Dipus Egyptius .
metacarpals of Bats. a, aitr?(falus & calcaneum; cb,

All may be extremely short 730G bt fme " 77, 117
and stunted, as in the Land Tor- and /17, sccond, tHird, and
toises and Ichthyosaurus, fourth digits

The number five is never (Frrom Flower's * Osteology ')
increased (except by monstrosity) in any known Verte-
brates.

The vertical line of bilateral symmetry in the foot may
pass (as in the Ox and Shcep), so as to have the third meta-
tarsal on one side of it and the fourth metatarsal on the other;
or it may (as in the Horse and Rhinoceros) pass through the
middle of the third metatarsal.

The latter symmetry may prevail where there are forr

P2
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«digits, as in the Tapir; and the former symmetry may prevail
where there are but three digits, as in the Peccary.

20. The BONES OF THE TOES, These may be entirely
wanting for all that therc are metatarsals, as perhaps in
Ophoides. The number of toes (digits) which may be de-
veloped has been indicated in treating of the metatarsus.

Thus there may be but a single digit, as in the Horse, and
a single developed one, as in Charopus.

There may be but two, as in the Ox and Sheep, Ostrich
and Profens,; three, as in the Rhinoceros, Jerboa, and Rhea ;
four, as in the Hare, Dog, and most Birds,

When one digit is wanting, it may be the fifth, as in Birds,
or the hallux, as in the Hare. ’

The third and fourth digits may be the only functional ones,
as in the Ostrich ; but the third may abort, leaving only the
fourth, as in CA@ropus; or the fourth, leaving only the third,
as in the Horse. The fourth and fifth may be the only
functional ones, as in the Kangaroo. The first and fifth
may be much larger than the others, as in the Seals.

The first (hallux) may bc more or less opposable, as in
Monkeys, Lemurs, Opossums, and Phalangers. Other oppo-
sitions of the digits may exist, as alrcady noticed in speaking
of the metatarsals.

The digits may be excessively stunted, as in the Land
Tortoises, but they are never so enormously produced as are
the digits of the hands of Bats. They may, however, be
very much larger with relation to the tarsus than is the case
with man, as ¢.¢. in the Orang.

The bones of the toes in man cqual in number those
developed in other Mammals, cxcept in the Orang, where the
second phalanx of the hallux may abort altogether.

In their distinctness these bones also agree with those of
most Mammals, but it is possible for the proximal row of
phalahgss to become anchylosed to the metatarsals, as is
the case in the Three-toed Sloth.

In that his phalanges decreasc in length distad, man
follows the rule of his class generally. But the second
phalanges may be much larger than the proximal ones, as
in the Two-toed Sloth.

The penultimate phalanx may be considerably larger than
the more proximal ones of the same digit, as in the fourth
toe of Birds, e,g. the Eagle.

The number of phalanges may be different from that in
man. They may be much more numerous, as in the ex-
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tinct Ichthyosaurus and Plesiosaurus, or the numbers of the
phalanges as we proceed from the first to the fifth digit
may be 2,3, 4, 5, 4, as in Lizards, or 1, 2, 3, 3, 2, as in Sala-
mandra, or 2, 2, 3, 4, 3, as in the Frog. In Birds (where the
fifth digit is never developed) the numbers of the phalanges
of the four digits, proceeding from the hallux, are mostly 2, 3,
4, 5; but they may be 2, 3, 3, 3, as in the Swifts, or 2, 3, 4, 3,
as in the Goatsuckers. It is by the number of their pha-
langes (4 and 5) that the two digits of the Ostrich are known
to answer to the fourth and fifth digits of other Sauropsidans
(e.g. Lizards) which have all five digits developed.

FiG. 183. - Lert FooT or A MoN1TOR Lizarp (Varanws)

/. fibula ; '~ 5, the five metatarsals, 7 ¥ being that of the hallux: ¢, tibia ;
1, astragalo-calcaneum ; 2, cuboides, 3, ecto-cuneiforme.

The terminal phalanges may bifurcate, as in the short-tailed
Pangolin, or develop a fold of bone to support the claw, as
in Cats and Edentates, ¢.g. the Sloths.
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LESSON VI
THE INTERNAL SXELETON GENERALLY CONSIDERED.

1. HAVING now reviewed the parts composing the internal
(bony and cartilaginous) skeleton of man, and seen the more
remarkable differences which corresponding parts may pre-
sent (whether by cxcess or defect) in other animals, we are
in a position to survey the more general relations of the
ossified or chondnfied skeleton in gencral, and that of man
in particular, and to summarize as follows :—

The human endo-skeleton, with respect to the number and
development of 1ts clements, is a very complete one, except
as regards the coccygeal and hyoidean parts ofit. The former
of these aborts in him as in few other Vertebrates ; the latter
15 less exceptionally defective.

In contrast to this completeness in man, whole skeletal
regions may be quite or all but absent in some other forms,
as in Whales and Porpoises, Ecls and Serpents. In Serpents,
indeed, not only are limbs generally quite wanting, but the
hyoidean region aborts much more than it does in man.

Man’s endo-skeleton is highly organized with regard to the
mutual relation and adaptation of its parts, though, except as
to the opposability of the thumb to the fingers, it is not more
perfect’in this respect than is that of many beasts.

With regard to the number of separate bones of which it is
composed, when adult, man’s skeleton occupics an inter-
mediate position ; as, though in many Vertebrates (especially
Fishes), the actual number is greater, yet some Vertebrates
(as Frogs, Tortoises, and most Birds) have a smaller number,

Thus, while more of the bones of the skull, as also of the
sacral region, become fused togcther in him than in most
forms, yet a smaller number of such bones escape anchylosis
in the class of Birds than in man,

As to the extent of persistent cartilage in the adult condi-
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tion, man shares, speaking broadly, the characters of his class.
Ossification is carried further in the class of Birds, but much
less far in Batrachians and Fishes. In some Fishes, indeed
(both of the highest and lowest forms), the entirc skeleton
remdins throughout life persistently cartilaginous, while in
the lowest form of all Vertcbrates (the Amphioaus or Lancelet)
it is mainly represented by fibrous membrane only.

2. Reviewing the form and dcvelopment of the spine in
man, we may note certain sigmficant facts and generaliza-
tions :—

(1) The backbone cxhibits to us a good example of serial
symmetry. The successive vertebra arc evidently serial re-
petitions of parts in some sense the same, ze. are serial
homologues, or komotypes

(2) We find that modifications may be produced by the
suppression 1 some vertebrae of parts cxisting 1n others, as
e.¢. of the neural arch in the coccygeal vertebra,

(3) We find that modifications may be produced by the
coalescence of parts by anchylos.s, ¢.g. the anchylosis of the
sacral veirtebra to form the sacrum.

(4) Parts bony 1n onc portion of the spine may be repre-
sented by membrane only in another, as we sce in the neural
canal of the sacrum closed in part by membrane only.

(5) A vertebra with annexed parts (two ribs and the inter-
vemng piece of the sternum) may completely encircle the
body cavity. This suggests the question whether there may
not be membranous 1« presentatives of 11bs similarly enclosing
the body cavity, annexed to parts of the spine where there
appear to be no bony nbs, as ¢g. in man’s lumbar and
cervical regions.

(6) The transverse processes of some at least of the cervical
vertebra arise by separate centres. This suggests the ques-
tion as to whether their natuwie may not be essentally dif-
ferent from that of the transverse processes of the dorsal
vertebrea.

(7) We have secen that a vertebra may include (besides a
centrum and neural arch with its processes) double transverse
processes, vertebral and sternal ribs, and a sternal segment ;
the whole forming an extcrnal or (parietal) ventral arch, while
heneath the centrum may be developed a second, dceper,
more internal hypapophysial arch.

(8) The varying conditions presented by the two vertebra
next the skull in different animals above Fishes, suggest the
question whether we can reduce to a common type that
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exceptional structure, the odontoid process of the axis verte-
bra of man. .

3. First, as to the question just suggested regarding man’s
cervical vertebrz. e

It is well known to anthropotomists that the ventral
(anterior) root of the transverse process of the seventh cer-
vical vertebra (if not also of vertebra nearer the head) ossi-
fies separately.

At the same time the dorsal (posterior) root of the same
transverse process plainly answers to the whole of the
so-called transverse process of a dorsal
vertebra, namely, to that part which
articulates with the tubercle of the rib.
As we have seen, this cervical trans-
verse process may be, in the lowest
Mammals and in Crocodiles, a distinct,
FiG. 184 —Vertebrz of morc or less Y-shaped bone.

an Axolotl, showing Now, just such a condition of the

the proximal bifurca- . o

tion of the nb to meet  proximal end of a rib is, as we have seen,

the superimposed par-  well exemplified in many Batrachians

asial a’;’“,,s,:f;ssd Y (c.g. Menopoma and Menobranchus), in
capitular process; s, which a dorsal (tubercular) and a ventral

SPIROUS Process. (capitular) transverse process articulate
with a Y-shaped rib, one branch being applied to each process.

Thus a Y-shaped bone attached to a cervical vertebra may
be interpreted in two ways : (1) as a small rib which has united
with it parts of both the “tubercular” and the “capitular”
processes of thc vertebra to which it is annexed ; or (2) as
a rib with a “tubercle ”so largely developed as to equal the
“head and neck” in size.

Plainly, then, the “perforated” transverse processes of
man’s cervical vertebra consist, in part, of rudimentary ribs,

F1G. 185. —~LATERAL VIEW OF S1XTH VERTEBRA OF SALAMANDRA.

This figure shows the rib bifurcating not only proximally t6 meet the super-impose:
paraxial processes, 7 and ¢ (diapophysis and parapophysis), but also distally.

It was noted that the distal ends of the cervical transverse
processes of man diverge as two small processes, termed
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“tubercles.” Now, if each transverse process represents a rib,
we have here a slightly bifurcating rib. But this, as we have
seen, is a condition which plainly obtains in certain Batra-
chigns, where the rib not only bifurcates proximally, but also
distally.

4. Secondly, as to the question above suggested respecting
the “ odontoid process ” in man.

It has been scen how in many animals we have a distinct
 odontoid ” bone—instead of an odontoid process—interposed
between the axis and the atlas ; but we have nowhere observed
a fully developed centrum of the atlas co-existing with such
an odontoid bone.

This fact indicates, what is no doubt the case, that the
“ odontoid process” is the true centrum of the atlas, united,
not with the rest of its own vertebra, but with the centrum of
the axis.

What, then, is the nature of that transverse bar of bone
belonging to the atlas, and passing, in man, in front of and
articulating with the odontoid process? It is probably hypa-
pophysial in its nature, as wedge-like hypapophysial ossicles
are often developed between the adjacent margins of verte-
bre on their ventral aspect, ase.g. beneath the lumbar ver-
tebrae of the Mole. It may, however, be an ossification of
part of an intervertebral body.

FIG. 186.~ATLAS AND AX1S VERTEBRE OF A CHELONIAN REPTILE.

Ay, hypapophysis of atlas; #, transverse process; z, prezygapophysis; 2', post-
zygapophysis ; s, neural 'spine; &y, odontoid bone ; Ity'}? Ryp@ophys‘:s of
true centrum of axis

(From the College of Surgeons’ Museum.)

Thus harmony and unity become manifested by means of
a general study of anatomy, which would escape us did we
investigate the human structure alone.

5. In considering the most general relations of the human
skeleton it will be convenient to imagine the backbone
placed horizontally, with the limbs descending at right angles
from it, such being the position of the backbone in the great
majority of Vertebrates.
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Thefundamental facts of development (noticed in the Second
Lesson) must also be borne in mind : how the dorsal laminz
ascend and form the neural canal, and how the ventral.
laminz descend to form the trunk. Also, how each of these
ventral laminz splits longitudinally on each side into an outer
plate, forming the body-wall (bones, muscles, nerves, &c.),
and an inner plate, forming the alimentary canal and its ap-
pendages—the split lamina being united respectively at their
ventral ends.

Fic 187.—Diagram of the development of the Trunk and its Skeleton, as shown
n a secton made at right angles to the trunk’s long axis  #c, neural canal ;
ex, epantal cartilages ascending to surround 1t ; g, paraxial cartlages de-
scending 1 the plate, or layer (Zze), external to g, the pﬁmro-pcmonenl cavity;
Jve, mternal plate of the spht ventral lamuina.

Between these outer and inner plates is a space (to be
treated of in the Eleventh Lesson) called the pleuro-peritoncal
cavity, which thus separates the external tube of the trunk
from the alimentary tube internal to 1t.

Not only the alimentary tube, but also the heart and the
roots of the great vesscls which proceed from it, are, as we
shall hercafter sce, placed within the inner wall of this
pleuro-peritoneal cavity.

6. The central axis of the skeleton is evidently the noto-
chord with the structures immediately investing it, together
with those which gencrally—by ossification —replace or en-
croach upon it later in the development of the individual,

In one single form, the Lancelet, and in that only, the noto-
chord extends forwards to the front end of the body, and
much beyond the spinal marrow, the anterior end of which
is the only representative of the brain. In all other forms
the notochord stops short behind the pituitary fossa or the
part representing it.

Nevertheless, median parts in the same axial line with the
notochord may be formed, as the pre-sphenoid, which is as it
were a supplemental piece of the axis added on later to the
primitive termination of the skcletal central axis,
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Generally the axis of the skeleton (Ze. the backbone) con-
sists of a number of segments (vertebra) which are serially
homologous one with another,

. 7- From this axis we have scen corresponding arches (carti-
laginous or osseous) to arisc and enclose the spinal marrow,
which is the central part of the nervous system of the trunk.
They also are scrial homologues (homotypcs) onc of another ;
and such arches, as they cxtend above the axis, have becn
called ¢paaial’ arches. In man such arches are wanting (as
bony structures) in part of the sacral and in the coccygeal
regions ; yet we have scen how numerous and complete they
may be in those regions in other animals,

8. We have scen also that a number of arcs may extend
out from the central axis on cach side, and that these may
descend and meet in the middle line below, so as to form
a series of large ventral arches cnclosing the body cavity.
They also are homotypes onc of another; and such aiches,
as they extend from the sides of the backbone, have been
called garaxial® arches. In man such arches are complete
only in the thorax, where the lateral arcs, cach composed of
arib and cartilage, arc medianly united by the help of the
sternum,

It is evident, however, that these arcs may be much more
extensively developed in regions where they are wanting in
man, as ¢.g. 1n the cervical vertebrae of the Crocodile, and in
the anterior coccygeal vertcbrae of some Chelonians and of
Menobranchus.

9. Each paraxial arc, however, has been scen very gene-
rally to have two attachments to the backbone—one above,
the other below, 7.e. onc more dorsal than the other.

In man we have the transverse process and tubercle of the
rib placed dorsally ; and the surface for the head of the rib,
the head itself and the neck, more ventrally,  In other cases,
e.g. Menobranchus, we find a distinct dorsal (or tdbercular)
process, and a more ventral {or capitular) process, giving
attachments respectivcly to the diverging branches of a
Y-shaped nb.

Sometimes we have scen the ribs bifurcate distally as
well as proximally, as in Salamandra ; and sometimes, as in
certain Fishes, eg. the Tunny and Plolypterus, there are two
series of ribs on each side, one above the other,

We may thus distinguish two scries of paraxial parts
on each side, one made up of tubercular processes (or

* 'txi, upon (the skeletal axis), 2 flepd, beside (the axis).
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diapophyses *) and ribs, and the other made up of capitular
processes (or parapophyses ?) and ribs.

F16. 188. —S1x TRUNK-VERTEBRA OF THE Fisu Polyplerus.

8, series of inferior ribs, from the roots of which the sevies of superior ribs (s)
diverges and extends outwards and upwards.

In man, as in most Vertebrates, the superimposed pairs of
these two series of parts are completely united, except at their
root, but a wider examination shows their probable essential
duplicity, and makes visible relations and a significance in
the transverse process of his thoracic and cervical vertebrz,
which no study of anthropotomy, however patient and minute,
could of itself reveal.

10, Still less would it, from such study, be possible to divine
the nature of that hardly noticeable ridge which extends
along the middle of the body of his axis vertebra on its
ventral aspect ; yet that ridge is really a rudiment of a system
of parts hardly less conspicuous and important in the verte-
brate skeleton than the two series already noticed.

It may be remembered, however, that in some Mammals
(e.g. the Ornithorhynchus) a median spinous process projects
downwards from beneath the centrum of the cervical verte-
bre ; as also the great development of such processes (hypa-
pophyses) in poisonous Serpents, and their extension through
the greater part of the whole vertebral column.

We have also seen how such median structures are directly
in series with and answer to processes descending in pairs,
or to forked processes, which start from a common bony
stalk ; also that arches (chevron bones) of similar nature may
attain a very large size, as in the tails of Whales and Por-
poises.

Finally, we have scen that a still more important and con-
spicuous part may be played by the same skeletal elements,
as in some Fishes (¢.¢. the Sole), where elongated arches and

£ From da, through. ? Mapu, beside.
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processes of this kind descend from the vertebral centra and
constitute a large proportion of the whole axial skeleton. *

F1G. 189.—PART OF THE VERTEBRAL COLUMN OF A SOLE.

#, the summit of one of the epaxial aiches, %, the apex of one of the hypaxial
arches ; g, one of the paraxial elements.
.

Thesc elements are developed beneath the skeletal axis (the
centra), and therefore in the line of tissue by which are sus-
pended the internal plates of the primitive ventral laminze,
They have been therefore called /4ypaszal.*

-

Fi16. 190.—D1AGrRAM OF THE FURTHFR DIEVELOPMENT OF THE TRUNK AS
SHOWN IN A SECTION SIMILAR 10 1HE LAST.
a, alimentary canal supported by a mesentery # formed of the doreal portion of the
mner parts of the spht wall of the embryonic ventral lamina , ¢, epanial arch;:
71, hypanal arch descending in the median line in the root of Phe mner part
of the spht wall of the ventral lamine ; p. nb, bifurcatng proaimally and
abuttmg ventrally agamst the sternum, which thus completes the paraxial
arch § m, peritoneum, bounding on ull sides p/, the pleuro peritoneal space.

Hypaxial processes may also be devcloped beneath ver-
tebre to which complete paraxial arches arc annexed, as e.g.
in the thoracic region of many Birds.

11. Are there yet other clements of this hypaxial system
present in man's skeleton ?

! From imd, under (the axial skeleton).
? For the explanation of a ** mesentery ” see Lesson X1,
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We have seen that the branchial arches of Fishes form a
series of arcs beneath the head. Moreover they grow smaller
and more contracted from before backwards, z.e. post-axially.

FiG 191.—Skeleton of the Thorax of a Bird, showmg the hypaxial processes, 4,
descending, which are furnished with complete paraxial arches.

(For parts of sternum see Lesson I1.)
These arches are of the same cssential nature as are the
hyoidean arch, the mandible, the palatine arch, and the trabe-

FIG 192 —ShuLL AND BRANCHIAL ARCHES OF A SHARK.
S, branchial arches , %, hyoidean arch , 7, mandible, #g, palato-quadrate arch
(From the College of Susgeons’ Museum.)

cul® cranii, for (as we shall hercafter sce) the relations of the
nerves and blood-vessels which skirt them are similar.

In Fishes, the heart and great blood-vessels are outside
the branchial arches, and thercfore (as these vessels indicate
the line of the pleuro-peritoneal division of the ventral laminz)
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such arches belong to the hypaxial category of hard parts.
Nevertheless, as they are placed dencatk the anterior end of
the alimentary tube, they evidently do not exactly answer
tQ those hypaxial elements of the coccygeal vertebra, the
hypapophyses— for these, in Crocodiles and others, are placed
above the posterior continuation of the intestinal tube. At the
same time they cannot answer to ribs and sternum (Ze.
cannot be paraxial parts), for such parts must be owiside the
line of the pleuro-peritoneal cavity.

Thus it appears that man’s upper and lower jaws, and also
his hyoidean apparatus, not only belong, as we have seen, to
a group of skcletal parts, which become much more developed
in Fishes, but that this whole group forms onc special division
of a skeletal category (the hypaxial), the parts of which may
be termed splanchnapophyses.* -

FIG 193 —DIAGRAM OF A TRANSVERSE VERTICAL SECTION OF THE MOST
DEVEIOPED SKELETAL SEGMENT, ACCORDING TO THE CONCEPFTION PUT
FORTH IN THis CHAPTER.

From above the centrum the epaxial parts, ¢ (neural arches and ncural spine),
ascend. From each side of the centrum the paraxial system, g, proceeds out-
wards and downwards to coalesce with the sternum below.

¢, tubercular process ; /r, tubercular part of the rib ; #, its continuation outwards
towards the surface of the body ; ¢, capitular process ; ¢, captular part of
the nb , »», vertebral nb; s, sternal nb, s, sternum ; a, part of the hy paxial
system related to the great vessels (hypapophysis) ; &, part of the same related
to the alimentary tube (splanchnapophyses) ; ¢, part related to the heart.

12. The backbone of man, then, is a partial rcalization of
a complex axial skeleton, as thus :— *

(1) A central axis, terminating anteriorly behind the pitui-
tary fossa, and posteriorly at the end of the spine itself, seg-
mented antero-posteriorly (e, divided into the bodies of the
vertebrae), the segments having relation to the nerves coming
out from the spinal marrow— central parts.

(2) A superior cylinder, also segmented (the ncural arches),
generally developing articular processes, and sometimes others
besides —epaxial parts.

'_ From em\avxva, entrails, and amdquaig, because they are related (laterally
or inferiorly) to the alimentary tube.
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(3) An inferior cylinder, external to the pleuro-peritoneal
cavity, and segmented (ribs, &c.)—paraxial parfs. These
may be subdivided into two series :(—

(@) Tubercular processes (diapoplyses) and upper ribs.

(6) Capitular processes (parapophyses), lower ribs, sternal
ribs, and sternum.,

These two series generally, as in man, coalesce, and the
component parts may have various rclations of position
to the body and neural arch from which they spring.

(4) An inferior cylinder, internal to the pleuro-peritoneal
cavity, or directly above the origin of the internal walls of
that cavity—aypaxial parts. These may be subdivided into
three possible series, two of which are known to be actually
developed as /ard parts :—

(@) Parts above the alimentary cavity or its prolongation,
and in relation to the great blood-vessel immediately below
the central axis (&ypapoplyses).

() Parts bounding externally the alimentary canal
(splanchnapophyses).

(¢) Parts bounding externally the heart or great vessels,
but of course internal to the pleuro-peritoneal cavity.

Hypapophyses are most largely devcloped in Cetaceans
and Fishes, such as the Sole.

Splanchnapophyscs are only formed in the region of the
head and immediately behind it, and form the trabeculz,
the jaws, and the hyoidcan and branchial arches.

Sometimes, as in the Lamprey, splanchnapophyses may
be absent as hard parts, but in the region where they would

= AN TR
S e O -
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F16. 194.—~SKELETON OF HEAD AND GILLS OF LAMPREY.

&, hinder part of the external (paraxial) cartilaginous skeleton of the gills; aw,
auditory capsule; 4, hyoud ; #, neural arches, p, palato-quadrate arch.

be developed, if at all, we find a system of paraxial cartilages,
bounding the gill chambers externally.:

See Lesson XII.
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Sometimes, as in the Sharks, not only are there solid
splanchnapophyses, but there are at the same time external

FiG. 195.—DIAGRAM OF THE CONDITION OF THE SKELETON IN THE BRANCH1AL
RecioN oF A Lamprey (transverse vertical section).

n, neural canal; 4, alimentary canal, only bounded by &, which 1s a membra-

nous representative of splanchnapophysial parts ; z, the ascending vessels ,

, the paraxial system (external cartilaginous skeleton of the gills), or branchual
asket.

paraxial cartilages (like those of the Lamprey) coexisting
with the splanchnapophysial hard parts of the branchial
region.

F16 196.—~DIAGRAM OF THE CONDITION OF THF SKFIETON IN THE BRANCHIAL
REGION OF SOME SHARKS (transverse vertical section)

%, neural canal; & alimentary canal, smirounded by sohd visceral hypasial
parts (splanchnapophyses) ; o, the aortic vessels, extending up outside the
branchial aiches and made the paraxial system (), haie represented by
certain esternal branchial cartilages.

The general summary of the cndo-skeleton here given
refers, of course, to the skeleton m its most developed con-
dition, and expresses the greatest complesities exhiited to
us amongst the whole scrics of vertebrate ammmals.  But,
as the most perfect skeleton is at one time an embryonic
structure devoid of both bone and cartilage, so m the
lowest of Vertebrates the skclcton is (as we have seen)
a soft, membranous condition. In lieu of the complex dif-
ferentiation of higher forms, we find in Admplioxus only
sheets of membrane, or lamellx, placed more or less at right
angles to the very long axis of the body and proceeding out-
wards from the notochord to the skin.

The whole series of such membranous body-girdles may

Q
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be considered as the precursor of the axial system, and the
parts of such lamellz as foreshadowing the future carti-
laginous and bony complexities which come ultimately to
occupy parts of the areas of such lamelle. Such com-
plexities are the most complete expression known to us of
the axial skeleton, as the membranous lamellz are its most
imperfect and undifferentiated form.

The parts of the axial skeleton may be tabulated as
follows :—

( Neural spines, Prozygapophyses.
Epaxial . . Postzygaﬁophyﬂes.
l Metapophyses.
Neural arches . . . . { Anapophyses.
Hyperapophyses.
Zygantrum.
Zygosphene.
Central Diapophyses—upper ribs.
Bodies of verte P al
bra (or noto- araxial . . anrapophyscs»lower nbs
chord). and sternum
Hypapophyses (either sin-
greaor forked, or as de-
tached chevron bones).
Trabecula,
B Mandible.
Hypaxial . { Splanchnapophyses . .{ Cornicula and hyoid.

Cornua and hyoid.
Branchial arches.

Ventral boundary of the
heart-sac, never ossified
or chondnfied.

13. We may now specially consider the anterior end of the
axial skeleton, reviewing the structurc of man’s skull in the
light afforded by the study of other animals.

That. division which was made at starting between the
skeleton of the face and of the brain-case now appears to
have been both true and significant.

All the face and both jaws are, we have seen, ossifications
around the anterior splanchnapophyses, and are but of small
size compared with the same parts as developed even in
some members of man’s own class (r.g. the Whale). More-
over, we have seen that such parts in him are but mere rudi-
ments of what may be developed in other animals, as is made
manifest in Fishes, with their largely developed branchial
skeleton and complex suspensorial apparatus for the jaws.
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14. The cranial characters presented by man may be
indicated in the following generalized manner :—

The skull may be said to consist of a central axis (formed
by, the basi-occipital and basi-sphenoid), to which ascending
and descending arches are annexed, and in which certain
structures are intercalated.

We have the occipital arch, and in front of this a second
arch formed by the great alz of the sphenoid and the parietals,

Fi1G. 197 =IDEAL, GENERATIZED DIAGRAM OF AN O4GEOUS SKULL.

a, ali-sphenoid ; ar, articulare ; b4, basi-hyal , bo, basioceipital ; &s, basi-sphe-
nowd : ¢4, cerato-branchial , ¢4, cerato-hyal , (p?, ecto-pterygoid ; d, dentary ,
¢b, epi-branchial ; ek, em hyal; eo, ex-occipital , ep, epotic, cpt, ento-ptery-
goud , £, frontal ; fo, fenestra ovalis , /2, fenestra rotunda , g, quadrato-jugal;
£h, glosso-hyal ; 4, hypo-branchial, Z, lachrymal, /e, lateral-ethmoid, #,
maxilla , ma, malar , me, median-cthmoid ; mpf, meta-pterygord , », nasal . op,
opisthotic , os, orbito-sphenoid , #, parietal, pa, para-<phenoid, pb, pharyngo
branchial ; g/, post-frontal ; p/, palatine ; gz, pre-maxilla ; ps, pre-sphenod 7,
pterygoid ; p#c, pterotic, Ax, hyo-mandibular, ¢, quadratum , sZ, stylo-hyal | so,
supra-occipital; sp4, sphenotic; s¢ ', squamosal , s¢2, pre-operculum, #, 0s trans-
versum , ¢4, tympano-hyal; v, vomer ; 27, upper zygoma, z*, lower zygoma

and, again in front, a third arch formed by the orbital al and
the frontal,

Into the median gap bounded by the arch of the frontal,
the olfactory organ (the ethmoid) is, as it were, thrust.

Into the gap left on cach side between the lateral occipital
and the great ala of the sphenoid, the auditory organ (the
temporal bone) is thrust,

Similarly, the much smaller lateral gap left between the
great ala and the orbital wing of the sphenoid is related to
the organ of sight, which, though not ossified in man, like

Q2
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the olfactory and auditory organs, is protected by bony ex-
pansions (the bony orbit) round it.

Beneath the basis cranii we have (1) the great cornua
of the hyoid, which send up no connecting ligaments to it,
but which through the basi-hyal are connected, by the lesser
cornua, with the styloid processes. (2) In front of this
hyoidean arch we have the mandibular arch, and (3), again
in front of this, the arch of the upper jaw, ending posteriorly
in the pterygoid bones and amalgamated in front with the
osseous covering of the nostrils (the nasals) and with the
outer protection of the orbits (the malars), which latter send
back a bony arch (the zygoma) to the bony envelope of the
auditory organ.

15. If we descend greatly in the Vertebrate scale—as, for
example, to an osseous Fish—we find the same generalized de-
scription will apply, while the cornua and the cornicula of the
hyoid are more solidly represented, and similar serial homo-
logues are developed in succession behind them. A lateral
zygoma (like that of man) is wanting in the Fish, but intcrme-
diate forms (e.g. the Crocodiles and Sphenodon) have shown
us that there may be two latcral bony arches extending back-
wards, onc above and one below the orbit, and scparate one
from the other. A striking differcnce from man may be pre-
sented by the ossification around the internal ear in Fishes,
where, instead of being in one bony piece, hardly visible but
at the base of the skull, it may be in five distinct pieces, visible
at the back and the roof of the skull, and forming a very large
part of its side wall. Many other differences also cxist, the
more important of which have been noted in Lesson 111,

As has been said more in dctail mn that Lesson, the
bones of the face, including the jaws and hyvidean and
branchial arches, are all ossifications 1n and about the carti-
laginous arcs of the several visceral arches, or splanchnapo-
physes. «

16. Since the facial parts may be reckoned to be splanchna-
pophysial, and therefore, as we have scen, more or less related
to the hypapophyses of the trunk (because hypaxial in their
nature), it remains for us to consider what are the most general
relations of the cranial (as distinguished from facial) parts
of man and of other Vertebrates—to what category of spinal
axial parts may they be said to appertain?

As the side walls of the cranium are developed in the
laminz dorsales, and in part invest the notochord, they
must be reckoned to be essentially epaxial parts; but are
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they so in the sense that each of the successive cranial arches
(each cranial segment) answers to the centrum neurapophyses
and neural spine of a vertebral arch (or spinal segment)—z.e.
arg they modified vertebrae? To this it must be replied that
n development the parts which transitorily or permanently
represent 1n cartilage the bony brain-case of man are never
serially segmented, and thus differ fundamentally from the
cartilaginous predeccssors of the bony vertebra. Neverthe-
less, it cannot be denied that there is a singular and striking
reminiscence of vertebrae in the three arches of the bony
skull. Certainly, if the cssence of vertebra consists in being a
scries of bony rings fitted together and enclosing the nervous
centres, then it must be asserted that the skull 1s 1n part
composed of three bony vertebrac. Moreover the condition,
before described, of Bagrus (Fig. 60) shows how undoubted
vertebrae may become cxpanded, hike the bony arches form-
mg the cranial walls.  In their mode of development, how-
ever, these cramal segments certainly do not agree with true
vertebrae, though they have this singular secondary and in-
duced resemblance to such skeletal parts.

It may be objected, however, that the number of the
splanchnapophysial arches docs not correspond with that of
the cranial ones. To this it may be rejoined, either (1) that,
as is very probably the casc, more numerous primtive cramal
segments have coalesced or ceased to be developed, though
theiwr hypaxial members still persisting, point to their former
existence ; or (2) that though the paraxial and hypapophysial
arches correspond 1in number with the vertebral scgments
of their respective regions, yet that the splanchnapophysial
arches, belonging to a category by themsclves, may really
answer to the existing epaxial arches, and this as follows:—

The trabecule to the first arch ;

The palatine arch to the sphenoidal arch ;

The mandible to the occipital arch ; *

The hydid and cornua to the atlas;

The hyoid and cornicula to the axis ; and

The succeeding splanchnapophysial arches to the several
succeeding cervical vertebra: or their representatives in
lower animals. On the other hand, it may be that these
arches correspond with aborted vertebra, all the centra of
which are, in existing animals, represented only by the basi-
occipital and basi-sphenoid.

17. We may now review man’s limb-bones (or appendi-
cular skeleton) in the most generalized way.
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In the first place, it appears that the appendicular appa-
ratus is, in the developed skeleton,-no mere portion of the
axial skeleton, but is (in all forms as yet known) a distinct
system of parts appended to and more or less closely and
variously connected with the axial system. .

18. The upper limbs in man are suspended, as we have
seen, from an incomplete bony girdle attached to the backbone
on 1ts dorsal aspect, by sott parts only; but on the ventral
aspect abutting against the median portion of the paraxial
system, Ze. against the sternum-—doing this, nevertheless,

Fi6 198.— Transverse Section of the Thorax of Man, showing the relation borne
by the appendicular skeleton (shoulder-girdle) to the axial skeleton : the latter
1s represented by the black parts of the figure

n, neural canal, s, neural spine, #, thoracic cavity: s, sternum, ¢, clavicle ;
sc, scapula (cut through); 4, head of the humerus.

only with the clavicles. We have secn, however, that man
has but an mmperfect shoulder-girdle compared with what is
possible, for in some amimals this part jomns the sternum by
great coracoids, to which pre-coracoid bones are appended, as
in Eckidna ; and in others, as Rava, it abuts against the neural
axial canal, thus becoming a really complete shoulder-girdle.

The humerus we have found to be a bone constantly single
in all Vertebrates above Fishes—at the least. But the relations
of size of its tuberosities may be reversed, and the so-called
lesser, Z.e. the ulnar tubcrosity, may be the larger one.

The elbow-joint is directed backwards ; but when the
rudimentary hmb first appears, the arm is so placed that
the join® would be directed ontwards. Later, the elbow be-
comes rotated backwards.

When this rotation is effected the palm of the hand would
be directed forwards (Z.e. pre-axially), but that by the move-
ment of pronation it becomes directed backwards (7. post-
axially) or downwards —as when we rest the palm of the hand
on a table,

19. In the primitive, embryonic position, the back of the
humerus, the olecranon, and the back (or as it is called, from
its muscular relations,' the exfensor surface) of the hand are

* See Lesson VIIL.
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all directed outwards, the thumb being turned forwards (pre-
axially), and the little finger of course at the opposite side of
the hand. The arm being placed in this position, and a line
drawn from the hmb root to the-tip of the middle finger,
all that 1s in front (man being supposed to be in the hori-
zontal attitude of a quadruped) of such a line is called
pre-axial, all that is behind it post-axial, directions corre-
sponding with those already indicated by the same term
with regard to the backbone.

20. The skeleton of the fore-arm and hand is divisible into
a tri- and a bi-digital series, placed side by side.

Thus there is, first, the radius ; the scaphoides and lunare ;
the trapezium, the trapezoides, and the magnum ; the first,
second, and third metacarpals; and the annexed digits—
forming the tri-digital series.

We have, secondly, the ulna; the cuneiforme ; the fourth
and fifth metacarpals ; and the corresponding digits—form-
ing the bi-digital series.

Such being some of the leading points in the skeletal struc-
ture of the pectoral or thoracic limbs, what now are the
resemblahces to them exhibited by the pelvic limbs, and
what the differences?

21, The pelvic limbs in man are suspended, as we have
scen, from a complete bony girdle firmly attached to the
backbone on the dorsal aspect, its two sides meeting togcther
uninterruptedly (at the pubic symphysis) on the ventral aspect.

Y P
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Fi16. 199 —Transverse Section of the Pelvic Reglon of Man showing the relation
borne by the appendicular skeleton (ossa wnominata) to the axal sheleton .
the latter is represented by the black parts of the figure b

2, neural canal ; s, neural spine; ac, abdommal cavity ; 4, pubis ; sy, symphysis

of the pubes; 2/, thum, £ head of the femur.

Here, then, we have a great difference between the himb-

girdles. This however disappears when man’s pelvic girdle 1s

compared with the pectoral girdle of the Ray (&. clawvata),
which is similar to the human pelvis in its rclations to the
axial system ; while in most Fishes the pelvic girdle is com-
plete below only, but not at all above, thus resembling the

pectoral girdle of man. .

Instead of a union on the ventral aspect by theintervention
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of one bone only, as in the pectoral arch, we have the con-
currence of two (the pubis and ischium), separated from each
other by an interspace-—the obturator foramen.

We have seen, however, that both a coracoid and a pre-
coracoid may exist on the ventral aspect of the pectoral girdle,
so that this difference also disappears on a more extended
survey. Such a survey nevertheless reveals some other differ-
ences, as nothing in the pectoral girdle clearly corresponds
with the marsupial bones, large ilio-pectincal processes, and
os cloacz, all of these being parts which are occasionally
developed in the pelvic girdle of different animals.

The femur is constantly a single bone in all Vertebrates.
In man it differs from the humecrus in that the radial (or
pre-axial) tuberosity is the larger of the two, while in the femur
the tibial (or pre-axial) trochanter is the smaller of the two.
But this difference disappears when we extend our view, as
the rclative size of the trochanters varies in different forms,
as is the casc with the tuberositics.

22. The knec-joint 15 directed forwards, and thus markedly
differs from the clbow-joint  When, however, the rudi-
mentary pelvic hmb first appcars, the leg is so placed that
the knee-joint is directed oxfwards, thus agrecing with the
primitive position of the thoracic limbs, Later, the knee
becomes rotated forwards.

In this latter position there is no necessity for any pronation
of the leg-bones to enable the sole of the foot to be applied to
the ground, and the abscnce of this necessity constitutes a
difference between the arm and the leg.  We have seen, how-
ever, that a sort of rudimentary pro- and supi-nation becomes
possible in some Marsupials ; and in some other animals (as
the Flying Lemur, and especially the Tortoises) the position
of both the pectoral and pelvic hmbs is similar—through
the clbow, knee, and the extensor surfaces being all directed
outwardssin both limbs,

In Bats the thigh is turned backwards, so that the knee
bends backwards like an elbow ; and here, were it necessary
to apply the sole to the ground with the digits forwards, a
pronation of the leg-bones would be required.

23. The skeleton of the leg, like that of the arm, is divisible
into a tri- and bi-digital serics, placed side by side.

Thus there is, first, the tibia; the astragalus and naviculare ;
the three cunciform bones; the first, second, and third meta-
tarsals ; and the corresponding digits—forming the tri-digital
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We have, secondly, the fibula; the calcaneum ; the cuboid;
the fourth and fifth metatarsals ; and the annexed digits—
forming the bi-digital serigs.

24. In man, however, the ulna takes part in the limb joint,
while the fibula does not. As we have found, however, this
difference may disappear, for in some animals the fibula does
articulate with the femur.

Again, in man the ulna has a large proximal process—the
olecranon— while his fibula has nothing of the kind. An
olecranon-like fibular structure may, however, be developed,
as we have seen, in the Ornithorhynchus.

In man and in most animals there is a patella in the leg,
but no analogous ossicle at the clbow-joint. Sometimes, how-
ever (as in the Wombat), there is a distinct ossicle above the
olesranon on the extensor side of the elbow-joint.

25. Again, the leg in man does not articulate with the tarsus
in the same manncr as the arm does with the carpus—the
ulna, unlike the fibula, not entering directly into such union.
But the ulna may articulate with the carpus directly, even in
man’s own order.

The scaphoides and lunare are often together represented
by a single bone which scems to answer to the astragalus,
cspecially since the latter may be represented by two bones,
as in the Salamander.

The os calcis is furnished with a great tuberosity of which
there is no representative 1n the carpus, but then this pro-
cess is not constant, as 1t is entirely wanting in Lizards.

The naviculare seems to have no representative in the
human carpus, but even in most Apes there is an extra carpal
—the os intermedium, or centrale.

The cuboides and unciforme of man may cach be repre-
sented by two bones in other ammals, so that their cor«
respondence in unity is contirmed by a correspondence in
duplicity.

The trapezium of man differs from his ento-cunciforme in
that it has a saddle-shaped surface for the pollex ; but in
}I;clrlnur the latter bone has a surface of that shape for the

allux,

26. The first digit is opposable in man’s hand, but not in
man’s foot.

In Cheiromys and many Marsupials it is opposable in the
foot, and not in the hand.

In man the digits of the hand are longer than those of the
foot, but in Macroscelides those of the foot are the longer.
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The second digit of the foot never aborts (the other digits
being well developed), as we have seen to be the case with
the second digit of the hand in the Potto.

Certain resemblances occur which might not be expeeted.
Thus when, as in Birds, the distal part of the tarsus
anchyloses with the metatarsus, the distal part of the carpus
also anchyloses with the metacarpus, and this in spite of the
greatly different use of the parts in the two limbs respectively.

But the greatest degree of resemblance between the pectoral
and pelvic limbs is shown 1n the existing Tortoises, and in
the extinct Ichthyosauria and Plesiosauria, where we find a
concomitant shortening of the long linb bones, and multi-
plication of phalan s,

Va2

F1G 200 —SKFLFTON OF Fi1G 201.—SKELFTON OF
PLESIOSAURUS. ICHTHYOSAURUS,

Certain discrepancies, however, should be noted. Thus the
pelvic member is ncever clongated or concentrated to such
excess, as is the pectoral member in the Bats and the Moles.
Again, we may have, as in Chamcleons, three pre-axial digits
opposed to two post-axial ones in the hand, and two pre-axial
digits opposed to threce post-axial ones 1n the foot.

Though in rare instances present alone, yet, when both
are present, the pectoral limbs never show so persistent and
considerable an inferiority of devclopment in air-breathing
animals as do the pelvic limbs in Fishes.

On the contrary, there is never a highly developed pelvic
girdle without a rudiment of a pelvic hmb; but we may, as
we have seen in Anguis, have a well-developed pectoral
girdle yithout any rudiment of a pectoral limb.

Again, we may have (as in Lialis) leg-bones without a
foot (fig. 168), but we never meet with arm-bones without a
hand.

27. It is obvious that the importance of the axial skeleton
—related as it is to the brain, the spinal marrow, and the
nerves which pass out from these—is far greater than that of
the appendicular skeleton.

Accordingly we have found that the latter may be entirely
absent (as in the Lamprey. the Ophiomorpha, and many
Serpents), but that the former 1s constantly present in man’s
sub-kingdom.
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The axial skeleton alone may, indeed, as in Serpents, serve
the purposes of the appendicular skeleton, and become an
instrument not only for climbing and swimining, but for
leaping, grasping, and crushing.

We have found that both categories are always present in
the two highest classes (Mammals and Birds). In the Ichthy-
opsida we have scen that the predominance of the axial
skeleton may in some (as the Lamprey) be at its maximum,
and yet that in others the appendic. lar one may be greatly
developed while the axial one 1s extremely reduced (as in the
Frogs).

It is the class of Birds which shows the greatest constancy
mm not only the existence but in the importance both of size
and function of the appendicular skeleton. In them the
anterior part of the axial skeleton (ze. the cervical region
and skull) is often modified by its great length and mobility
to act as an elongated prehensile limb.  This function is alszo
performed by the posterior end of the axial skeleton in some
Reptiles (e.¢. the Chameleon), and even 1n some beasts, of
man’s own order (¢.g. the Spider Monkeys), the tails of which
(as has been before said) are so prehensile as to literally serve
the purpose of a fifth hand.
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LESSON VIL

THE EXTERNAL SKELETON, THE SKIN AND ITS
APPENDAGES.

1. THE second category of skelctal parts remains to be
considered, namely, those which together constitute the
EXTERNAL SKELETON.

As has been said when the description of the skeleton was
begun, fibrous tissuc pervades the whole of the human frame,
bounding and supporting all its organs.

With certain exceptions shortly to be noticed, it is the
skin (taking this word 1n its widc sensc) alone of all the fibrous
structures which, in other animals than man, develops tissue
of a dense and solid nature—horny or bony.

2. Under the head of “external skeleton,” or exo-skelcton,
will be considered the skin and 1ts appendages, that is to
say, the skin, whether external or internal, together with
structures developed from or in it.

Such structures in man are the hair, nails, and tecth, but
we shall find that many and diverse exo-skeletal parts may
exist which have no direct counterparts in the human frame.

3. The SKIN of man invests his body pretty closely.
Nevertheless the roots of the fingers and toes (especially of
the three middle toes) are held together by folds of skin,
and in some cases these folds extend far along, binding the
digits together, and causing the person so affected to be
what is called “ web-fingered ” or “ web-toed.” Such a con-
dition is constant with regard to two of the toes in an animal
so nearly resembling man in structure as the Siamang
Gibbon, ‘and is familiar to us in Ducks and Geese.

Extensions of the skin far greater than this may, how-
ever, take place. Thus, in the so-called “ Flying Squirrels”
the skin of the sides, between the arms and the legs, is
much expanded, serving for a parachute. A skin parachute,
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supported by the elongated free and movable ribs before
noticed, is found in the little Lizards called “ Flying Dragons,”
and a singular fold round the neck exists in the Frilled
Lizard. A pouch beneath the throat and long filamentary
(merely cutaneous) processes on the back exist in some
other Lizards, as in adult male
Iguanas. In the Seals a fold of
skin connects together the hind
legs and the tail; but the maxi-
mum of skin expansion is found
in Bats, as we may see in the
common Bats of this country, Fic.202.—Tue Frirep Lizaro.
where not only are the legs and

tail bound together by a wide fold of skin, but this is continued
on to and between the extraordinanly elongated fingers, to
form the relatively enormous wings.

Folds of skin hang freely in some animals, as eg. the
dewlap of cattle; and peculiar folds are developed in the
Rhinoceros, the thickness and densencss of the skin render-
ing such folds necessary to allow of frce movement of the
body and limbs,

The integument may be much more distensible than in
man, as is the case especially in those Fishes {e.g. Dzodon)
which blow themselves out with air and then float belly
upwards.

4. The skin of man, as of all other Vertebrates, consists
of two LAYERS: an external layer, devoid of nerves and
blood-vessels (and consequently of fecling), and a deeper
layer, supplied with both, and highly sensitive.  The external
layer is termed the epidermis,' the deeper layer 1s called the
dermis. At the lips the external layer visibly changes in
texture, and inside the lips and mouth it becomes soft and
moist, and is termed mucous< membrane. This, however, 1s
a mere modified continuation of the external skin®and it
lines the whole of the internal passages which communicate
with the exterior. The superficial layer of the skin so
reflected inwards is termed epithelivin, which is thus but
a modified cpidermis, and the common term ECTEROK* is
applied to both structures, as the naine ENDERONS is ap-
plied to the]deeper or dermal layer (Ze. the dermis) where-
ever situate.

* From ini and dépua, skin. 2 From uino¢, nia, any shiny sabstance.
3 From ¢m and BuMdw. to grow. ¢ From éx, o.t of, and depog, shin.
5 From &v, withun, and depog.
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The minute structure and more important characters of
the dermis, epidermis, and epithelium have been described
in the First and Twelfth Lessons of “ Elementary Physiology.”

5. As the skin (or Znfegument)is thus divisible into two
parts, so also the parts annexed to it are similarly divisible
according as they have their place of origin in the substance
of the ecteron or in that of the enderon.

In the first case they are termed ecteronic, and may be
called epidermal or epithelial structures according as they
arise in the external surface of the body or in the internal
passages. In the second casc they are called enderonic or
dermal structures.

Thus our hair and nails are epidermal parts of the exo-
skeleton, because they are modifications of the external layer
of the skin.

On the contrary, our teeth are dermal structures, because
they are developed from the deeper layer or enderon.

We will consider now more carefully the skin itself before
proceeding to treat of its APPENDAGES.

6. In the soft nature of his skin man agrees with the great
majority of warm-blooded Vertebrates (7.c. of Beasts and
Birds), though exceptions are to be met with even in his own
class,

On the other hand, though the vast majority of cold-
blooded Vertebrates (¢.g. Reptiles and Fishes) have in one or
both layers of the skin solid and dense structutes, yet almost
all Batrachians (Frogs, Toads, and Efts) agree with man in
having an entirely soft and flexible integument.

In order to estimate the condition which man presents,
it will be well to consider what the examination of other
creatures shows us to be amongst the possibilities of skin-
structure.

7. First with regard to the EPIDERMIS. This, as we know,
is shedein man in minute fragments constantly removed by
friction and ablution, and constantly replaced. Only under
abnormal conditions and after certain diseases does it come
away in large and continuous patches.

The case is very different in some of the lower animals.
Thus the Snakes cast off the entire epidermal investment of
the body—even that of the eyes—at once, and this process is
repeated at intervals.

The little Efts, so common in our pools, also shed the
entire epidermis at once. Separating first at the lips, the skin
is pushed back over the head by the action of the fore-limbs ;
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the arms are then drawn out—completely inverting the ecte-
ronic investment of each separate fli)nger. It is then pushed
back over the loins, and the legs are withdrawn, and also the
feet,and toes, the skin being inverted just as a glove is turned
inside out. Finally the tail is pulled out, and then the whole
structure being rolled up in a mass is swallowed at a gulp.
1t is easy, with a little patience, to shake out one of these
skin-casts in water, so as to produce a complete and as it
were shadowy image of the little creaturc that bore it.

The epidermis is never converted into bone, but is often
thickened and converted into horn, an approach to which
we may see in man in the labourer’s hand, in the sole of the
foot, and in those unwelcome deposits on the toes—corns.
“ Horn,” indeed, is but a thickened form of the very same
material as that of which the minute particles we shed from
the outer surface of our skin is made, and which yield the
substance “ gelatine ” when boiled. Certain local thickenings

F1G. 203 —DORSAL SURFACF 0% THE CARAPACE OF A FRESH-WATER
For1ose (Emys).

1—8, expanded neural spines, »'- »3, expanded ribs ; »x, first median (or nuchal)
plate ; Ay, last median (or pygal) plate; s, margmal scutes  The dark lines
ndicate the limits of the plates of the horny epidermal tortoise-shell ; the thin
sutures indicate the lines of junction of the bony scutes.

may exist in animals, not abnormal like those above referred
to in man, but constant in each species. Such thickenings
are termed callosifirs, and may exist on the inner side of
the legs, as in the Horse, or on the breast, as in the Camel,
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or be so placed as to resist the friction prodaced by sitting on
rough branches, as in the commoner Monkeys of Africa and
India.

A familiar and very valuable modification of the epidermic
skeleton is known to us under the name of “tortoise-shell,”

FiG. 204 —VENTRAL SURFACE OF THE PLASTRON OF A FRESH-WATEBR
ToRTOISE (Emys)

The bony scutes are nine i number 0, mnter-clavicular scute ; ¢, clavicular
scute ; %y, hyo-sternal scute , 44 hypo-sternal scute, a4, \iphi-sternal scute.

The horny epidermal scales are twelve m number, as indicated by the dark hines ,
one such traverses each xiphi-sternal and hypo-sternal near 1ts middle.

which coats externally the rigid and solid hony armour of a
certain kind of Turtle. An essentially similar though com-
mercially valueless structure also invests the armour of almost
all kinds of Tortoises and Turtles, and consists of plates
disposcd in regular series upon the back and on the belly.

8. ‘The true DERMIS often becomes ossified, constituting an
exo-skefeton of the most unequivocal kind.

An example of such a condition is
to be found even in man’s own class,
Mammalis, namcly, in the Arma-
dillos. These creatures possess a very
complete armour, formed of small,

FiG 205 —ArmapiLLo,  many-sided, bony plates (termed
scndes), with their margins adjusted

together, aggregated in masses differently in different kinds,
There is generally one mass, or shicld, on the head, one
on the shoulders, one on the loins, with narrow bands of
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scutes (to facilitate motion) interposed in the mid-body
region. In one form, however (Cklamydaophorus), bony scutes
are confined to the hinder region of the body, where, as
hassbeen before mentioned, they coalesce with the pelvis.
In an extinct creature of the Armadillo kind (the Glyptodon)
the armour was even more complete, as there were no move-
able bands, but the body was invested, from the neck to the
root of the tail, with one solid case or carapace.

In the Armadillos a horny epidermal skeleton is so ad-
justed to the bony case that the former is divisible into
small plates or scales corresponding with the several bony
scutes.

A similar co-ordinate development of epidermal scales and
dermal scutes is found in some Reptiles, as in certain Lizards
(Cyclodus), where the whole body 1s so doubly invested and
protected, as it is also in the back of the Crocodile.

A solid investment of osscous plates may exist in Fishes, as
in the bony Pike Lepidostens and in Polypterus, but thesc
plates will be spoken of under the
head of dermal appendages, when
fishes’ scales are undcr consideration.

Certain Frogs (e.g. Eplippifer and
Ceratophrys) develop some dorsal en-
deronic beny plates, which become.
connected .with the underlying backbone, presenting an
appearance which reminds us of that extraordinary develop-
ment of the skeleton which we find in Tortoises.

As in the Armadillos we find bony scutes of the exo-
skeleton underlying horny cpidermal scales, so we find
bencath the tortoise-shell of Chelonians such endo-skeletal
scutes together with large bony plates of the endo-skcleton ;
only, instead of the bony and horny structures being con-
formable one to the other as in the Armadillos, ncither the
number nor the outline of the bony plates of Chtlonians
corresponds with the number or outline of their superincumn-
bent horny scales (Figs. 204 and 207).

Moreover in Chelonians, as noticed in describing the axial
skeleton, the median plates of the dorsal shicld (or carapace)
form one with parts of the backbone, and the lateral plates
form one with the subjacent ribs. Besides these dorsal plates,
large‘r ventral scutes cover the under surface of the body,
forming what is called the plastron; and in the Box-Tortoises
the ends of this plastron are movable and (the head and limbs

eing drawn in) can be applied to the ends of the carapace,
R

Fic 206 —POLYPTERUS
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so that the whole creature becomes enclosed at will within
its dense and strong exo-skeleton,

Fi1G 207.—~DORSAL SURFACE OF THE CARAPACE OF A FRESH-WATER TORTOISE
(Emys)
18, expanded neural spines ; #1—28, expanded ribs ; nw, first median (or nuchal)
late, py, last median (or pygal) plate; 2, marginal scutes. The dark lines
indicate the limits of the plates of the horny epidermal tortoise-shell, the thin
sutures indicate the lines of junction of the bony scutes.

9. In the fact that the surface of the body has a soft in-
vestment which is but very partially provided even with HAIR,

e ]
[ 1.4 hy
Fic 208 —DIAGRAM OF A VERTICAL SECTION OF BOTH CARAPACE AND

PLASTRON OF A TORTOISE, MADE TRANSVERSELY TO THE LONG AX1S OF
THE SKELETON.

¢, vertebral centrum ; #s, neural spine which exTands above into a median dorsal
scute ; 7, rib which forms one mass with a ateral scute and terminates at a
marginal plate ; i, inter-clavicular scute ; 4y, hyo-sternal scute.

man occupies a most exceptional position amongst Mammals.
Indeed, a copious supply of hair or feathers or scales is a
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-general characteristic of Vertebrates ; and even such aquatic

beasts as are destitute of hair (the Whales and Porpoises)
are yet endowed with a fatty layer beneath the skin which is
wanting in us. In Batrachians, however, we find a naked-
ness of skin greater even than in man, -

In that man is provided with hairy epidermal appendages
he agrees with all the members of his class except the
Whales and Porpoises; but in the small amount and the
distribution of the hairy investment he stands alone. In
the forms nearest to him in structure, the Apes, hair 1s
always abundant on the back, though sometimes more or
less deficient on the ventral surface—the very reverse con-
dition to that of man, in whom the back is always naked.

Long hair on the head, as also whiskers and beard, are
characters variable in man and not peculiar to him, as some
Apes (e.g. Pithecia Satanas) have a luxuriant beard.

The structure of hair, and how it is formed in a small bag
(the hair sac) by the deposition of horny matter upon a Iittle
prominence (or papilla) of the dermis, which prominence rises
from the bottom of the bag, have been described at length in
the Twelfth Lesson of “ Elementary Physiology.”

The difference in structurc between the hairs of the differ-
ent parts of the body (as the beard, eyelashes, eycbrows, &c.)
in man is but trifling. The contrast between the mane and
tail of a Horse and the rest of his coat is far greater ; as also
between the long whiskers or feelers of many animals (as the
Cat) and the rest of their fur. But the maximum of develop-
ment (as it exists in man’s own class) is shown in such
creatures as the Hedgehog and the Porcupine, where hairs
become dense and solid spines.

10. Such structures as hairs are peculiar to warm-blooded
Vertebrates, but the warmest blooded class (that is, Birds) pre-

s

F1G. 209 ~DIAGRAM OF A FEATHER PAPILLA, SEEN ON TWO OPPOSITE SIDES.

1.—Side on which is placed the deep groove in which the ““shaft” is deposited
and from which the secondary .irooves diverge at right angles to it.

e.-Th_i’:)pposite side, showing the median tract where the encircling grooves
vanish.

sents a peculiar kind of greatly enlarged and complex hair—
called FEATHERS—found nowhere else in the animal kingdom.
R 2
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A feather is formed by means of the peculiar structure of
the dermal papilla which gives ris¢ te it. That Eapilla
(instead of being smooth, like the papilla of a hair) has on
one side a deep vertical groove, broadest- at the base and
vanishing towards the apex of the papilla.. Other less deep
grooves go from each side of this vertical groove at right
angles to it, and at very short distances from one anaother.
They extend all but round the papilla, vanishing at the
middle of the opposite side to that which bears the vertical
groove. Grooves smaller still and much shorter are given
off again at right angles to the second set of grooves, parallel
therefore as far as they go to the main and vertical groove.

Now, as horny matter is deposited on the papilla, it be-
comes thickest where the grooeves are deepest, and of course
thinnest where there are no grooves at all, Ze. in the inter-
spaces of the grooves. With the progress of growth, this
whole horny investment splits up along these interspaces
of thinnest deposit. The part which was in the mam ver-
tical groove is thickest of all, and becomes the shaft of the
feather, the parts in the secondary grooves become the
*“baibs,” and the still smaller portions at right angles to the
latter the “barbules.” When these last arc long and hang
freely, they form the sort of structure we see in an ostrich
feather. Occasionally, as in the Cassowary, a feather will
have two shafts ; this is due to the papilla having borne a
vertical groove on each side.

11. The only form of epidermal appendage, besides hair,
which is found in man is the NAIL.

The structure of this organ is also explained in thc Twelfth
Lesson of “Elementary Physiology.” It is not formed in a

F1G. 210 —~TRANSVERSE SECTION OF A NaAIL

a, small lateral folds of the integumz‘nt : &, nail; ¢, bed of the mail, with its
ndges.

bag (like a hair is), but only in a fold of skin (the root of the
nail), where horny matter is deposited upon a number of
minute, parallel, raised ridges of the deep layer—or dermis.
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The human nails differ in shape from those of almost every
other animal, in that they so little tend to surround or enclose
the ends of either the fingers or toes. X

The nail at its maximum of development quite surrounds
and encloseg the.last joint of the digit which bears it, and is
then called a hoof, as we may see in the Horse or Ox.

It may be produced into a sharp point, when it is called a
claw, as in the familiar case of -the Cat, and in Birds,

The nails may, on the other hand, be much reduced in
size, and not nearly extend to the end of the digits which
support them;, as in the Sea Bear. They may be altogether
wanting in man’s own class, as in the Porpoise, or obtain a
prodigious relative size, so that the body can be suspended
by them, in progression, as in the Sloth. The lit{le Bats of

—»

FiG, 212.—Heap o MAIE oF

Fic atr.—Stora, OWEN’S CHAMEI EON.

our own country hang, indced, by hook-like claws when at
rest ; either by the claws of the toes or the two thumb-claws.

The nail of one digit may differ in form from all the others,
as in that of the second toe of Lemurs and of the Hyrax.

The nail makes 1ts appearance in its greatest simplicity in
certain Toads and one of the Efts, where it is merely a shght
thickening of the epidermis at the ends of the digits.

12. ECTERONIC APPENDAGES not found in man make their
appearance in other animals. Thus, in the Rhinoceros we
meet with a horn (or even two—one in front of the other),
entirely destitute of a bony core, and growing like a great
blunt nail from the dorsum of the muzzle, long dermal papilla
extending into it and answering to the dermal ridges bencath
the human nail,

No less than three long horns are developed in Owen’s
Chameleon—one from the nose, and a symmetrical pair from
the front of the head.

Other horns which do posscss bony cores are developed
from the head in pairs in the so-called hollow-horned Rumi-
nants, z.¢. the Oxen, Antelopes, Goats, and Sheep ; and only
in one anomalous form, the Prongbock (Antilocapra), are
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these horny structures shed at intervals; in the rest they
persist throughout life. Normally there is never more than
one pair amongst existing Ruminants, with the exception of
Antelope guadricornis, which has two pairs, Such horns
may be straight, or curved, or spirally twisted, but they are
never branched, with the single exception of the Prong-
horned Antelope.

Fie 213.--Tue PANGotIN (Manis),

Less familiar, but not really more remarkable, is the struc-
ture devcloped tn the scaly Manis or Pangolin.

Here the entire body is covered and protected by strong,
sharp-edged, overlapping horny plates, each of which 1s
comparable with a nail,

Fi6. 214—TAIL OF RATTLRSNAKE.

The overlapping scales of Serpents are horny investments
of processes of the dermis, but the scales of Fishes are of
different nature, being formed in the dermis itself.
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Curiously modified thickenings of the epidermis, which
take the form of rings, may surround the ends of the tail, as
in the Rattlesnake, These being loosely attached, produce a
singular sound, a sort of “hissing” rattle, when the tail is
vibrated by the excited animal.

Nail-like structures may also be developed from the side of
the hand, as in certain Birds (e.g. Palamedea), and in one of
the lowest members of man’s own class (the Duck-billed
Platypus) a hollow horny spur grows
upon each ankle.

The epidermis of the outside of
the muzzle and jaws may also be
converted into horn, as in the beak Fig 2r5.—OrniTHORRYNCHUS,
of Birds and in that of the Turtle. or Duck-siLLED PLa1vPUS.
Asa remarkable exception, the same
thing may take place in man’s own class : this we see by the
Duck-billed Platypus, which really has a horny beak very like
that of a duck.

13. These being the principal modifications which investiga-
tion shows us to be possible with regard to the cpidermis and
its appendages, yet other peculiaritics may be present in parts
belonging to the other ecteronic division, the EPITHELIUM.

To begin with the mouth, its epithelial lining investing the
gums becomes greatly thickened and hardened in persons
who have lost their teeth, and who are so unfortunate, or so
unwise, as to have failed to replace them by artificial ones.

In certain beasts, as the Cow and the Sheep, the front part
of the upper jaw is always devoid of teeth, and a horny epi-
thelial pad is formed there against which the teeth of the
front of the lower jaw bite.

A much more developed structure, though essentially simi-
lar, is met with in the Dugong—a creature superficially like a
Porpoise, but really very different. In this creature the front
of each jaw is furnished with a dense horny plata, formed
(like the horn of the Rhinoceros) of a deposit of horny
matter around long processes of the deeper skin layer—the
dermis. Horny substances in the place of tecth are also
developed inside the mouth of the Duck-billed Platypus,
and there are horny teeth in the mouth of the Lamprey.

The maximum of development of this kind of structure is,
however, found in the Whalebone Whales,

The upper jaw in these creatures is furnished with very nu-
merous horny plates (termed daleen), which hang down from
the palate along each side of the mouth. They thus form
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> two longitrdinal series, each plate of which is placed trans-
versely to the long axis of the body, and all are very close
together. On depressing the lower lip the free outer edges
of these plates come mto view. Their inner edges arc pro-
vided with numerous coarse, hair-hike processcs, consisting

Fic 216 —=MoutTi oF A Whar e

of somesof the constituent fibres of the horny plates —which,
as it were, fray out, and the mouth is thus lined, except below,
with a network of countless fibres formed by the inner edges
of the two series of plates. This network acts as a sort of
siecve. When the whale feeds, it takes into its mouth a great
gulp of water, and drives it out again through the intervals
of the horny plates ; the fluid thus traverses the sieve of
horny fibres, which retain the minute creatures on which
these marine monsters subsist. .

In man a few hairs grow within the nostril. In the Rabbit
hairs grow on the inside of the cheek.
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The epithelial lining of the stomach may take on a dense
horny structure, as in the gizzards of Birds, but this will be
again noticed under the head of Almentary Organs.

14. We come now to enderonic
appendages. As has been said, that
part of the dermis which underlies
the epidermus is devoid of hard
structures in man, who possesses
them 1in the sub-epithehal enderon
only. Such structures arc the
TEETH. Each tooth consists of a
“crown,” which is visible, and of a
“fang” or “ fangs,” which are buried
in the gum.

15. The mode of formation of the
teeth has been described in the
Twelfth Lesson of “Physiology:”
how the teeth first arise as httle
processes (or papillee) of the dermus,
which appear at the bottom of a
groove running along ecach side
of the jaw; how the walls of the
groove grow together, between and
over cach of the papilie, and thus
enclose the papila in what are
called the dental sacs.

Each such sac is a pouch of the
dermis, enclosing a “pinched off”
bit of the cpidermis.

The papilla, assuming the form of
the future tooth, becomes hardened
by a deposit within it of calcarcous
salts, the central part of the papilla
remaining soft (as the pulp) but
diminishing with the growth of the
tooth, till, when the tooth is full
grown, there is but a minute aper-
ture at the bottom of each root
to give entrance to very delicate
vessels and nerves.

Fi16 217 —Four PrA1Es oF
BA1FLN SEEN OLLIQUELY
FROM WITHIN.

16. The STRUCTURE of cach tooth, how it consists of three
substances, *“ dentine, cnamel, and cement,” and the nature of
each of these, have also been described in the “ Elementary

Physiology.”
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Dentine forms the bulk of the tooth ; the dense enamel
coats the crown ; the cement invests the fang,

The dentine is traversed by exceedingly minute tubes
which radiate into it from the pulp cavity. The enamgl is
the hardest structure’in the human body, and almost en-
tirely a mineral, containing but two per cent. of animal
substance. It is made up of minute fibres, with their ends
applied to the surface of the dentine of the tooth. The ce-
ment is more like bone ; it may take a much greater share
in the formation of the tooth than is assigned to it in the
teeth of man.

FiG. 218 —A, VERTICAL, B, HORIZONTAL SECTION OF A TooTH.

a, enamel of the crown; &, pulp cavity, ¢, cement of the fangs, &, dentine.
Magnified abont three diameters,

17. A's all know, teeth arc cut. The meaning of this is
that, as the tooth develops, it rises out of its sac, the parts
superficial to its apex being absorbed. As its crown rises
its fang is developed.

The teeth appear successively in two sets, First the milk-
teeth come into place, and afterwards the second or permanent
sct of teeth.,

Each permanent tooth is formed in a little sac, which
at first is but a prolongation of the sac of that milk-tooth
which it is destined to succeed.

The development of the second tooth is accompanied by
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absorption of the fang of its predecessor. Replacement is
not the effect of mechanical pressure, but the two actions
(development and absorption) proceed harmoniously, the now
fangless milk-tooth easily falling out when its successor is
ready to take its place, unless through some abnormality
of growth the aid of the dentist has become necessary.

Before mentioning the order of succession, the tecth them-
selves must be shortly described.

18. The TEETH OE MAN, when adult, should be thirty-two
in number.

As the two sides of cach jaw are alike, it will be suffi-
cient to notice the cight teeth above and eight below of
each side.

The fangs or roots of all tecth are firmly fitted into corre-
spondingly shaped cavities in the bones of the jaws, which
cavities are termed alveolz, and
this mode of union of parts (like a
nal driven into any substance) is
termed gomphosis.'

The front tooth of cach lateral
half of the upper jaw has a chisel-
shaped crown with a honzontal
cutting edge. It has a single, long,
tapering fang.

The sccond tooth is like the first, g 219 —Upprr anp Towrr
and these two, on account of their = Teern oF LuF1 sIDF OF AN
cutting shape, are called zncisors,;  AvvilT Man.
but we shall see that therc is another 7, ncisors, ¢, canines; g, pre-
reason why they belong to a special molars ; a, molars.
category.

The third tooth above is more pointed, more conical, and
has a longer though still single fang. It is called the eye-
tooth, or canine,

The fourth tooth above has a flatter and broad®r (from
within outwards) crown, and bears two pointed tubercles (or
cusps), one internal, the other external. Its fang is flattened
and vertically grooved, showing a tendency to division, while
at its end it is in general actually divided and has two
apertures, one in each division.

The fifth upper tooth is like that last described, and the
two, from the number of their tubcercles, are called dicuspid,
and from their more flattened crowns (better adapted for
grinding) they are also called molars. The fifth differs from

* From ydugog, a nail,
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the fourth, however, in having its fang often cleft for a con-
siderable distance from its end.

The sixth upper tooth is the largest of the whole series.
It has a flattened grinding surface, with four cusps, and, an
oblique ridge connecting the front inner cusp with the hind
outer one. The fangs are three in number, two being placed
on the outer side, and one on the inner.

The seventh uppcr tooth is quite like the sixth.

The eighth upper (or wisdom) tooth is less large, though
essentially similar. The two inner cusps of its crown are
blended togcther, and its fangs are generally united into a
single, irregular, conical mass.

The threc teeth last described are all termed (for a reason
which will shortly appear) #rue molars. In the lower jaw
the first two teeth are similiar in shape to the first two teeth
of the upper jaw, whence they are also called incisors.
They have also each a single fang.

The third lower tooth is pointed and conical, and has
a single root like the third tooth of the upper jaw. It there-
fore bears a similar name, and the Jower canine should have
its apex within and slightly in front of the crown of the upper
canine.

The fourth and fifth teeth of the lower jaw are called 4i-
cuspid molars, like the fourth and fifth teeth of the upper
one. Somectimes, however, the fourth has only a single
cusp, and it is more canine-likc than the one answering to
it above.

The sixth and seventh tecth of the lower jaw are called
true molars. Each bears five cusps, three on the outer side
of cach crown and two on the inner. The fangs are two to
each, but each fang is vertically grooved. .

The cighth lower tooth, or lower wisdom tooth, is also a
“true molar,” but differs from the two last described in
having, generally, its fangs blended together, and in having
its crown smaller than the others and more rounded.

The human milk-tecth are twenty in number: two inci-
sors, one canine, and two molars, on each side of each jaw.

They resemble the permanent teeth. but the last molar,
both above and below, does not resemble the fifth tooth of
the permanent dentition (and which is its vertical successor),
but it resembles the first truc molar in cach case, though it
has nothing to do with the formation of this tooth, of which
it is, as it were, the prototype.

The details of the succession of the teeth belong rather to
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Physiology, but it should here be noted that not only do the

ermanent canine teeth come into place before the wisdom
teeth, but also even before the second molar. Moreover, the
las¢ milk molar is shed before the epiphyses of the long bones
are united to their shafts, and before the bones of the limb
girdles have coalesced.

All the teeth of the permanent set are thus provided with
temporary or deciduous predecessors, except the last three
molars of each jaw. 1t 1s on account of this absence of
vertical predecessors that the three hindmost tecth on each
side of each jaw are called “true molars.” In extending our
view to other animals we shall see that true molars must be
defined to be “teeth situated behind the hindmost tooth
having a vertical predecessor.”

19. The upper incisors arc implanted in what we have seen
to be a distinct bone (the premaxilla) from that in which the
other teeth of man’s upper jaw are implanted, while the
canine is the foremost tooth implanted in the true maxillary
bone. In surveying these parts in other animals we shall
sce that the DEFINITION of an upper incisor is * a tooth im-
planted in the prcmaxilla;” of an upper canine, ¢ the fore-
most tooth of the maxilla, provided it be not at a considerable
distance from the anterior cnd of that bone.” The lower
canine must be defined as “the tooth which bites in front
of the upper canine,” and the lower incisors as “ teeth placed
in front of or on a line with the lower canine, or, if this is
absent, teeth corresponding with the upper incisors.”

The bicuspid molars of man (not having always two
cusps in other animals) are, in zootomy, termed premolars,
because they are placed in front of the true molars. An
cxtended view reveals facts which compel us to give to
premolars generally the following somewhat cumbrous defi-
nition : “tecth behind the place of the canines and in front
of the truc molars, or, if the latter are absent, teet® behind
the place of the canincs and having vertical predecessors, or
in front of molar teeth which have such predecessors.”

20. Such being the dentition (7.e. tooth-furniture) of man, it
may be conveniently expressed by the following SYMBOLS :—

13, C}, PM3, M4{, for the permanent dentition. 13
means “two incisors, above and below, on each side of the
jaws ;” C ] mcans similarly onc caninc in each case; P M 3
mcans “ two premolars on cach side of each jaw ;” and M
means “three true molars, both above and below, on each
side.”  Similarly the symbols D1§, D C{, DM 4, for the
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milk dentition, refer in the same manner to the deciduous
incisors, canines, and molars respectively.

It need hardly be added that each tooth attains its full
development within a limited time, after which it grows no
more, and (with very rare exceptions) no third development
ever replaces the fall of a tooth of the permanent dentition.

An acquaintance with human structure only, would give
the student very little idea of the possibilities of development
in the matter of “teeth.”

As to SITUATION, implantation, number, form, and use, and
also as to succession and structure, the greatest diversities
are to be found.

21. Man agrees with the whole of his class in that he is
only furnished with teeth upon the margins of the jaws.
Some members of his class, howcver, are as completely
toothless as are Birds—e.g. the Echid-
na, Pangolins, and Ant-eaters.

In Reptiles we first become ac-
quainted with the fact that true teeth
may be developed not only from the
margins of the jaws, but also from the
palate, as we find to be the case in
the Iguana and in Serpents, some ot
FIG 220 —ANT-EATER. th S s st - -

be explained, present very remarkable
peculiarities. When we descend to the Batrachians we some-

Fi1G6. 221.~0peEN MoOUTH OF THE AMERICAN EFT PLETHODON,

Showing the numerous para-sphenoidal teeth at the extreme back of the roof of
the mouth, together with a row of palatine teeth placed behind each posterior
nasal opening 1n the anterior part of the palate.

times find teeth in two series not only in the upper jaw, but
also two series in the lower (as in Profeus and Meno-
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branchus), and even (as in Plethodon) teeth upon the under
surface of the back part of the skull.

Fishes teach us that teeth may be developed in yet other
sityations, for in some of those animals (¢,g. the Salmon and,
Odontoglossum), there are teeth upon the tongue; and in
most Fishes teeth are developed at the extreme back of the
mouth, on the bones of those arches (éranchial arches)
which represent permanently what have been spoken of in
the First Lesson as the transitory posterior visceral arches of
the early stages of human development. The branchial
arches of Fishes which support the gills, and are placed on
each side beneath the back of the head, sometimes (as in
the Perch), develop tooth-like bodies on their inner surfaces,
and the hinder of these lateral arches terminate (Fig. 114)
in bones called pharyngeal,' which most frequently support
teeth (sometimes of very complex structure, as in Scarus),
termed from their situation pharyngeal teeth. Moreover,
the exactly reverse conditions to those which obtain in
man may be met with, as in the Carp and Tench, where the

FiG. 222.~ PHARYNX OF A TENCH OPENED FROM BELOW, AND THE TWO ROWS
OF PHARYNGEAL TEETH DIVARICATED. (Affer Owen )

4, basi-occipital tooth ; p4, pharyngeal teeth ; o, cesophagus.

margins of the jaws are as free from teeth as is mangs throat,
while the posterior aperture of the mouth is bounded by
teeth, partly pharyngeal, and in part attached to a prolonga-
ti]c(mn downwards of the hindmost bone of the base of the
skull ! )

We shall see that tooth-like tissue may be developed in still
more anomalous situations, but as some of the structures
referred to cannot be called teeth, and others can only doubt«
fully be so called, notice of them may be postponed.

22. As to IMPLANTATION, the changes which take place in

* From being placed in the * pharynx,” For this see Lesson XI.



236 ELEMENTARY ANATOMY. [LESS.

the process of development of human teeth are interestingly
illustrated by permanent conditions in other animals.

Thus we may have, as in Sharks, an open groove along
each jaw, in which groove dermal papillae appear and undergo
calcification directly without their becoming enclosed in sacs
at all.

We may have, as in the Pike, an enclosure of each papilla
in a sac, but no development of bone round it, the teeth
being attached to the jaw by ligament.

We may have tecth which become anchylosed to the summit
of the jaw, there being no bony wall (or alveolus) devcloped
on either the inner or the outer side of the teeth, as in certain
Lizards (e.g. Psammosanrus), termed Acrodont.*

F1G. 223 —S10E VIEW OF THF SKULL OF A Lizarp (Vasanus), wiru
ALCRODONT TEETH,

a, articular bone of mandible, ¢, coronoid bone of mandible ; o, dentary, f,
frontal ; f~, pre-frontal , £, post-frontal, /, lachrymal, a, malar, wmx,
manilla ; #, nasal, o, pro-otic, p, parictal; pf, pterygod . pz, columella, or
dismemberment of pterygoid ; p¢”, os transversum ; g, pre-maxilia ; ¢, quad
rate bone , sg, squamosal. .

We may find a development of a bony alveolar plate on
one side’(the outer), to which the tecth may become attached
by actual bony growth (anchylosis), as in_ the Iguanian
Lizards. Such a form of attachment is termed plewrodont.?
We may find two alveolar plates of bone, but no transverse
bony partitions, as in Zcathyosaurus.

We may find both alveolar plates together with transverse
partitions forming distinct alveoli, which nevertheless are
incompletely divided one from another at the hinder part of
the mouth, as in many of the Dolphin tribe ; and finally, we

I From dxpag, sharp and hAvig, a tooth,
% From wAeupos, a side, and bdoig.
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may meet with alveoli thoroughly complete, like those of
man, as in most members of his class.

These complete alveoli, however, may be in some respects
different from those of man. They are so where teeth grow

Fi6. 224 —INNER SinE oF LowgrR JAw of PLEURODONT Lizakp,
showing the teeth attached to the mner surface of its side.

from permanent pulps throughout the whole of life—like the
tusks of the Elephant and the teeth of many other beasts
(e.g. the cutting teeth of the Squirrel). In such cases, of
course, the deeper part of the alveolus is quite wide instead
of being attenuated as 1n us.

23. The NUMBER of teeth in man is interesting as being
not very far from that which 1s typical of the great bulk of
the class to which he belongs. It 1s 1dentical with that exist-
ing in the whole of the Apes which inhabit the old world, and
those of the new world only differ from him by the presence
of one more pre-molar or by the absence of a molar on each
side of each jaw.

In man’s own class the number of tceth devcloped may be
very great, as in the Dolphins, where the greatest number
is reached in Pontoporia. namely 220.

The large Armadillo (7riodon) may have as many as
ninety. They may be reduced to two, as in the Narwhal.

If we pass out of man’s class we may find tceth many or
few, as in Reptiles ; but amongst Fishes we meet with every
exticme, from a single pointed tooth on the roaf of the
mouth, as in Myxine, or two above and two below (flat and
crushing), as in Cerafodus, up to such a multitude that to
count them would be a task both useless and difficult, as in
Murwna, the Pike, or Osteoglossum.

24. The FORMS presented by the tecth of man agree more
or less closely with what we find in many members of his
class, but have no relation, or only the most general and
distant onc, to the teeth of cold-blooded Vertebrates.

Although the shape of the teeth is ncarly the same in all
men, nevertheless the wisdom teeth of those racés which are

S
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reputed lowest are larger and more equal to the teeth next
in front of them than is the case with Europeans.

When we descend to the creatures nearest to man in
bodily structure (the Apes of the old world), though we find
the number of teeth identical with that in him, yet a striking
difference is produced by the large size, especially in the
males, of the canines, which are true tusks for defence or for
attack. The last molar, or wisdom tooth, is also generally
larger relatively than in man, and in some forms is consider-
ably the largest molar of the lower jaw.

The large sizc of the canines causes a separation between
the lower canine and the first lower pre-molar, and between
the upper canine and the outer incisor, in order to provide
space for their apices to pass. These interspaces are cach
called a dzastema,’ and are wanting in man, where the teeth
are all normally close and contiguous. This contiguity and
absence of any diastema 1s a character which man shares
only with the hittle Lemur Zass7us, and with a certain extinct
hoofed quadruped, the dnoploticrium.

Most Mammals have tecth of definitc kinds—incisors,
canines, or molars. This is not the case, however, with all,
as, for examnple, the Dolphins have teeth which are all
nearly alike,

Below the class of Mammals, only rarely in certain Lizards
ie.e. the Agamas) do teeth simulate canmes with small teeth
between them 1in the front of the mouth simulating incisors.

25. The INCISORS of man are closcly rescmbled by those
of the Apes, but in some Apes of the new world (P2thecia)
the lower inaisors, nstead of being ncarly vertical, are long,
slender, approximated together, and inclined strongly forwards

W

Fic zzs—‘kaNDmo SURkACK OF THF TEETH OF THF RiouT HAIF OF THE
Lower Jaw oF tHE LEMUROID Microcebus, showing the close apposition
of the canine tu the two elungated wncisors, which are almost horizontal in
position.

as well as upwards—a condition still more decided in the
Lemuroids. The most singular form of the Lemuroid
group (the Aye-aye—Chelromys) has but two incisors above
and two below. Thesc, however, arc very large, and grow
from pcrmanent pulps during the whole of life, from deep

.

1 From diao7u., to separate.



vit] THE EXTERNAL SKELETON. 259

roots just like those of the Squirrel or Rat. Such teeth,
specially adapted for gnawing, as we so often know to our
cost as regards the Rat, are denser on the front surface than
elsewhere, so that the action of gnawing, as it wears away
more quickly the softer part behind, keeps a constantly sharp
chisel-shaped edge in front. Animals which have teeth thus
formed are apt to suffer fatally from the loss of one, as, there
being then nothing to wear away its natural opponent of the
opposite jaw, the latter continues to grow and complete that

F1G. 226,—SIDE VIEW OF 1HE SaULL 0F A Porct rine (Hystrix crisiata)
(TyricAL RoDENT DENTITION.)

a, angle of mandible ; ¢, ocaipital condyle ; ¢7, coronoid process of mandible ; ¢y,
condyle of mandible ; f, frontal, ¢, mcwor teeth, ;, ascending branch of
maxilla enclosing the enormous infra-orbital foramen, the course of the
masseter muscle through which 1s indicated by an arrow , 7, molar tecth,
mx, maxilla, s, nacal, pm, premolar teeth: par, paramastoid procer  *- |
premaxilla, £, tympanic bone ; z, zygomatic arch—the part fornied by the malar

circle of which its axis (from root to apex) describes a scg-
ment. Rabbits and Hares are not unfrequently found dead
from such accidental deformity.

A pair of strong but pointed upper incisors are found in

s
i

F1G6. 22- —DraTITION OF F16 228 —A Lower Incicor or
Dismobnus, GAIEOFITHECUS, showing 1ts
7, incisors ; ¢, canines. comb-hke form.

the blood-sucking Bat Desmodus, and to these pointed in-
cisors notched incisors are opposed below. In another Bat
s 2
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such notches are more marked, but these attain their maxi-
mum of development in the lower jaw of the Flying Lemur
(Galeopithecus), where each incisor has the appearance of a
comb, being notched by parallel notches down to the very
base of the crown, (Fig. 228).

Rarcly, as in certain Insectivorous Beasts (e.g. Hem:-
centetes), the upper incisor may bear more than one cusp.

Fi6, 229 = S1oF View of Skt oF HEMICENTETES.

An excavated incisor of a different kind is familiar to us
in the Horse, where cach incisor has a dcep median depres-
sion, the “mark,” which has a form such as would be pro-
duced by the sudden inflection of the surface of the tooth so
as to form a deep pit. This “mark”
continues to be visible till the tooth
has worn down by use beyond the
pomnt to which the inflection extends.
The dark colour of the “mark” is
due mcrely to the accumulation ot
fragments of food and forcign bodies
within the pit.

When the canine teeth are large
the 1ncisors are gencrally small, as
we see in the Dog and Cat, where
Fic 930-1—Vmi{llcf\t'-_ S;—(’. there are three above and three

mios of AJOSES I below on cach side of cach jaw.

of the verucal fold formmg ~ This is the typical number of Mam-
the ** mark” . malian incisors, but they may be as

#, the pulp cavity. many as § on cach side, as in the

(After Rowsscan.) American Opossums.

Incisors may, on the contrary, be
altogether wanting though other teeth are present, as in
the Armadillos, cxcept one kind. They may be quite want-
ing in the upper jaw but present in the lower, even in man’s
own order, e.g. Lepilemur.
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The same is the case in some Mammals of other orders,
as in the Ox, Deer, and Sheep; as also in the extinct Ele-
phant-like creature Dinothersum, which had only two in-
cisors, but these extended downwards from the front end
of “the lower jaw.

Incisors may be present in the form of enormous tusks in
the upper jaw but wanting altogether in the lower, as in the
Elephant. They may similarly be present in the upper jaw
only, but exhibit a flat grinding surface flush with the gum,
as 1n the Walrus.

The upper’incisors may be separated by an interval from
their fellows of the opposite side, as in Lorizs.

1 2 3
FiG. 231.—FrONT VieEw oF UprrER INCISORS AND CANINES OF THREE GENERA

Or dtuw LEMURS (naturai s1ze).
1, Loris; 2, Nyctuebus; 3, Pesodicticus.

The front lower incisor may be enormous, and represent,
by its notched outline, several incisors fused 1nto one. More-
over with age the teeth may become anchylosed to the jaw.

I3 Pﬁ" m ;

<,
RO
%v
£ m’
F1G. 232.—~DENTITION OF SHREW-MOUSE (Sorex).

# upper incisors: ¢, notched lower incisor , ¢, upper canmne ¢, lower canine;
pm, upper pre-molars, pas’, lower pre-nolar, m, upper molary: m', lower
molars.

These peculiarities are exhibited by the Shrew-Mice, which,
as before remarked, are not “mice” at all, but closely allied
to the Mole and Hedgehog.

Generally having but a single fang, whether with or without
a permanent pulp, an incisor tooth may yet have a double
fang, as is the case in the Flying Lemur and in Pefradromus.

26. The CANINE TEFTH of man. as their name implies, find
in the Dog (and other flesh-eating beasts) an enlarged repre-
sentative, as also in the Apes. Such tusks, however, are far



262 ELEMENTARY ANATOMY. [1.ESS,

exceeded by what we find in certain of the Hog tribe, eg. in
the Babyrussa {Porcus), where the upper canines first mount
vertically and then curve over backwards and downwards,
whence 1ts native name, which signifies Deer-Hog. .

Undoubted canines attain their
maximum in the upper jaw of the
Walrus, which develops a pair of enor-
mous descending tusks growing from
permanent pulps, and which are said
to aid the ammal in its locomotion
amongst the ice.

Fle. 233 —SKUI T AND The longest tooth developed in the
Tusks oF THE Bamkussa  whole animal kingdom is the tusk of the
(Porcus). Narwhal. It may be doubted, indeed,

whether this tooth represents a canine or a molar, yet, as it is
embedded entircly in the maxilla, it cannot be an incisor.
In the female Narwhal these teeth remam undeveloped and
in the bone. In the male the tooth of one side is generally
developed, but sometimes both are so. The pulp cavity
extends nearly the whole extent of the enormous tooth,
which is said to attain alength of tcn feet. Though straight,
its surface has a spirally-twisted appearance, and formerly
was sometimes exhibited as the horn of the Unicorn.

Upper canines may be present though upper incisors are
wanting, as in the case of the Musk Deer and Muntjac.

Lower canines may be closely approximated to and shaped

F1G6. 234 —DENTITION OF A SHEFP  (Tvricat. RUMINANT DENTITION.)

mx, maxilla; pr, pre-maxilla, which is edentulous, there being no upper in-
asors ; 24, 27, /3, three lower mcisors of left side, ¢, lower camine ; pm, pre-
molars ; », molars.

like the incisors adjacent to and between them, as in the
Lemurs and in the Ox and Sheep tribes.

Lower canines may be altogether wanting, though both in-
cisors and molars are present in each jaw, as is the case in
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all Rodents, 7. in all Rats, Squirrels, Hares, Marmots, and
Porcupines.

Canines may grow from a root essentially similar to that
of man’s canine, or from a double fang, as in Galeopithecus
and the Mole. On the other hand, as has been said, they
may grow from permanent pulps.

Very rarely, e.g. in the Tanrec (Centetes), the points of the
lower canines are received into corresponding pits on the under
surfacc of the upper jaw.

27. The MOLAR TEETH of man present a medium character
when compared with those of the other members of his class.
Often we find molar teeth rclatively larger, broader, more
complex, and more suited for grinding hard or tough vege-
table substances than in him.

We see, on the contrary, that they may often become
relatn ely smaller, narrower, and more trenchant, so as to
serve better for cutting and dividing tlesh.

The maximum both of size and complexity is attained by
the grinders of the Asiatic Elephant, where the worn surface
presents a great number of narrow transverse ridges, the nature
of which will be eaplained under the head of Structure.

The greatest simplicity of form is scen in the Walrus,
where each molar 1s perfectly simple and flat; and in the
blood-sucking Bat Desmodus, where each molar forms a
single wedge-shaped blade.

The total number of molars reaches its maximum in the
existing creation in the hittle Marsupial JMy2 mecobius, where
they are thirty-four (§) in numbér, The smallest number is
met with in the Australian Rat Hydromys, where we find §.

28. The distinction between pre-molars and true molars
which exists 1n man, exists also in the great majority ot
animals belonging to his class.

The number of PRE-MOLARS is often morc numerous than
in him, there being three even in the American Apes)and four
in the Dog.

In form the pre-molars are generally, as in man, smaller and
less complex than are the true molars ; but in some beasts, as
for example in the Horse, there is no difference in this respect.

The first pre-molars soon present a striking difference from
those of man. Thus, even 1n the old-world Apes, the upper
one has its external cusp more prolonged, and the lower one
has its front edge elongated and blade-like. These teeth may
aéssumle the shape of canines, as in Hemicentetes and in the

amel,
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29. The TRUE MOLARS are very rarely more numerous than
in man, who has the typical number of the great (Monodel-
phous) division of his class. In the Marsupials (Didelphous
Mammals), however, there are typically four above and four
below.

They may (even where pre-molars are present) be quite
wanting in the upper jaw, while there is but one on each side
(and that very small) of the lower jaw, as in the Cats.

30, The form of the human true molars, both above and
below, will readily serve to explain the more general modifi-
cations present in man's class.

The peculiar form of the upper molar—namely, four cusps,
one at each angle, with the before-described oblique con-

CYMNURA

Fia 235 — GRINDING SUrt ACE OF A LEFT Ureer MoLAR.

a, antero-external cusp; &, antero internal cusp. ¢, postero-external cusp: d,
postero-nternal cusp

The oblique ndge 1s seen passing from the postero-external cusp to the antero-
mternal one.
necting ridge—reappears not only in some of the Apcs, but in
other beasts, as e.g. in the Hedgehog and its ally, Gymnura.
A “band ” of dental substance (termed the cengulum) may
surround the tooth, and even in man’s own order (Primates}

FiG 236.— GRINDING SurFAach oF A LerT Upper Morar.
a and 4, anterior cusps ; ¢, postero-external cusp . 1, 2, 3, and 4 the four acces-
sory cusps of the external cingulum,
may develop small accessory cusps which project downwards
external to the two outer of the four principal cusps.
By further development the external cusps of the band may
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equal in vertical extent the four normal cusps, as in the
Shrew-mice (Sorex).

A prominence may also be developed from the internal
pars of the band. When this, together with all the other pro-
minences, is sharp-pointed (as in the Flying Lemur and the
Mole Urotrickus), it produces a maximum of complexity of
this special kind.

UROTRICHUS CALEOPITHECUS

F1G. 237.—GRINDING SURFACES OF UrPER MOLARS OF LEFT SIDR.

a, 8, ¢, and d, principal cusps; 1, 2, 3, and 4, accessory cusps of external
cingulum.

The prominence of the internal cingulum appears below and between 4 and 4.

Ridges may be developed to connect the two external
normal cusps with the adjacent cusps of the band, thus form-
ing two triangular prisms placed side by side, and each with
a flat side turned outwards and an angle inwaids ; while some-
times but a single prominence may represent the coalesced
external normal pair of cusps, all of the cusps being drawn
out into sharp points suitable for cracking the hard coats
of insects, and constituting the typical insectivorous type of
molar as seen in the Mole and Bat, and also in the In-
sectivorous Marsupials, Perameles.

Fi1G. 238 —GRINDING SurrAace ofF Urrer MOLAR oF LeFT Stor.
a, , and ¢, principal cusps ; 1, 2, 3, and ¢, cusps of cingulum.

A singular modification may be presented by the squeezing
together, as it were, from behind forwards of the tooth till it
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forms but a single prism, and is therefore like half of one of
the teeth last described. Such a condition exists in CenZetes,
Hemicentetes, and especially in Chrysochloris.

SHRYSOCHLORID

FIG. 239.— GRINDING SURFACFS or UppFR MOLARS OF LEFT SIDE.
a, &, and ¢, remnants of principal cusps.

Another kind of modification of the teeth is that by which
the typically carnivorous molar is arrived at. This is best
exemplified by the last pre-molar, which in the Dogs, Cats,
and their allics has been called the “sectorial” or “ carnassial ”
tooth of the upper jaw.

FiG. 240 —DENTIION OF THE SABRE-1 O 1urD TiGek (Mackasr odus).
(Tyricat CARNIVOROLS DENTITION.)

Here (in the Cats) it consists almost entirely of three sharp,
strong, unequal cusps placed one behind the other on the outer
margin of the tooth, and connected together by trenchant
ridges, while inside the foremost cusp is a small, short,
and blunt accessory one. From a study of Marsupial teeth
it appears that the three outer cusps answer to the cusps of
the cingulum blended with the two outer principal cusps of
man, while the rudimentary internal cusp is the representative
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of the front, inner cusp of man—the hind inner one having
disappeared.

In the true molars of the Dog this last cusp reappears, and
in addition we find a large prominence of the internal part
of the cingulum. In the Badger this latter structure is very
much developed, extending in a marked manner along the

Fiu 241.—~GRINDING SURFACE OF FIRST RiGHT Urrer Morar TooTh or
Ailurus fulgens.

1, 2, 3, and 4, cusps of the external cingulum; zc, internal cingulum , a, 4, ¢, and
, the four principal cusps.

whole inner margin of the tooth. In A7/urus we have a
good example of the maximum of complexity of the carni-
vorous type of molar. We find in the molar of this
animal four principal cusps, with three cusps belonging to
the external cingulum, and two belonging to the internal
cingulum.

Returning now to the type of structure exhibited by man’s
upper molar, we may follow through another series of ani-
mals yet a new chain of modifications, resulting in a very
different kind of complication.

First, one transverse ridge may connect the two posterior

MACROSCELIDES

L4

FiG. 242.~GRrinDING SUrrACF OF T E¥r UrrFR MOLAR, showing the transverse
ridges (convex forwards) which connect together the antenor and posterior
pairs of prinaipal cusps respecuvely , a, 4, ¢, and 4, the four principal cusps.

cusps, and another may similarly unite the two anterior cusps.
We see this in the Kangaroo and Macroscelides.

Next, a ridge may run along the external margin of the
tooth (probably the cingulum) and connect together the two
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outer ends of these two transverse ridges. We find such a
structure in the Tapir,

In the Rhinoceros, Horse, and the Ruminants, the essential
structure of the Tapir's tooth persists, but 1s modified by
greater and greater obliquity of the transverse ridges and by
the development of supplementary processes running more
or less at right angles to the transverse ridges.

= F16. 243 —GRINDING SURFACE O¢ SEcoND UrPER MOLAR oF A Camet,
showing t?le double crescentic folds which have their convexities turned inwards.

In the Ruminants the transversc ridges are so much in-
clined backwards and inwards, that they come to be almost
parallel with the external wall, thus forming the well-known
double crescents with a deep excavation between them seen
in the molars of Sheep.

In the Horse this excavation is filled up with “cement,”
and the pattern is complicated by the development of acces-
sory processes from the convex, or inner side of the trans-
verse ridges.

GHRYSOCHLORI®

FI1G6 244 ~GRINDING SURFACE F1G. 245 —GRINDING SURFACE
or RiGHT Lower MoLAR. of RiIGHT Lower MoLAR.

In the lower jaw an analogous series of modifications has
similar results. In the insectivorous type these modifications
result in a pair of triangular prisms (produced by the con-
nection by ridges of the five cusps answering to the five cusps
developed in the lower molar of man) ending in sharp points,
as in the Mole ; or in a single prism, as in the Golden Mole,
Chrysockloréis, The prisms are reversed in position as com-
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pared with those of the upper jaw. In the carnivorous type
modification resuits in a “sectorial” tooth (here, 7.e. in the
lower jaw, a true molar), which may, as in the Badger, have,
in addition to man’s five cusps, an anterior one and three
small posterior ones; or only the extra one in front, as in
the Dog; or finally, as in the Cat, this tooth may attain
its typical perfection. It does so by becoming, as it were, a
cutting blade, consisting of but two sharp cusps connected
by trenchant ndges, and biting against those of the upper
sectorial tooth like one of the blades of a pair of scissors
against the other. The posterior cusp seems to answer to
the front outer cusp of man, and the anterior cusp to the
extra anterior one ot the Dog.

In the type of dentition culminating in the Horse, we start
again from the transverse ridges of the Tapir ; we find double
crescents, as in the upper jaw, but with the direction of their
convexities reversed, 1n the Ox and Sheep tribe ; while in the
Horse we find a similar reversal, and the extra processes
spring’ng from the concave aspect of the crescents.

Other and different complexities 6f form, as in the Ele-
phant, will come morc convenicntly under the head of
“ Structure.”

31. Below Mammals we meet with great varieties of form.
Thus, in certain Fishes (e.g. the Chetodons) the tecth are like
slender bristles.  In the Efts the slender denticles terminate
In two points, and in three in the Fish Plazax.

In Lizards the tecth sometimes have serrated edges, as
in the Iguana; sometimes they are rounded, blunt, and
crushing,.

In Fishes we may meet with every variety of shape, and
sometimes, amongst the Sharks and Rays, a very great
variety in the same mouth.

Tecth are sometimes cxcessively sharp and pointed, as in
Lamna and Odontaspis ; somctimes they are furnished with
singular processes, as in Goniadus.

Sometimes, as in the Australian Shark Cestracion, the
teeth in the front of the mouth are sharp and pointed, while
as we pass backwards thcy become flattened till they form a
sort of pavement to the jaws.

It is the Rays, however, which present us with the most
wonderful pavement. In some of these Fishes (c.g. in
Mpyliobatis) the teeth are placed in close contiguity, like the
pieces of a mosaic, and, what is most remarkable, long and
narrow teeth are placed in the middle line so as to cross
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the mandibular symphysis, or line of junction of the two
jaws. e

F1G 246.—UPrER AND LOWER ] \WS (SEEN FROM BFHIND) OF AN EAGLE Rav
(M yliobatss), showing the elongated median dental plates and the hexagonal
lateral plates.

One of the most singular modifications in the form of a
tooth is presented by the poison-fangs of Serpents.

It is a common thing for a tooth to exhibit a vertical groove :
we see it even in the canines of Apes ; and in some extinct
forms (c.g. Jchthyosanrus) the teeth were furnished with a
number of such grooves.

In poisonous Serpents, however—e¢.¢. the Rattlesnake-—one
large tooth on each side of the upper jaw has an exceedingly
deep, vertical, anterior groove, the margins of which groove
bend over till they mcet and thus form a canal which opens

FiG. 247.—~SIpE VIFW OF THE ki1t OF A R 111 kSNAKE (Crofalus), showing
the large poison-fang implanted 1n the maxilla—in front of the letters mr.r.

a, articular hone of lower jaw ; 2o, basi-ocipital , @, dentary, /, frontal; /",
pre-frontal . me, median ethmowd . s.x, maxilla. o, pro-otic; #, panetal ; pa,
para-sphenoid ; p¢, pterygoid , v, pre-maxilla , gu, quadrate ; ¢s, squamosal

widely above, but by a very small aperture below. It is down
this channel that the poison is poured, the tube lcading from
the poison-gland opening into the upper part of the canal.
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32. The SUCCESSION OF THE TEETH which we meet with
in man is characteristic of most animals of his class, but
not all. In many, as in the Guinea-pig, the so-called milk-

‘“!J

FiG. 248.—VERTICAL, LONGITUDINAL SECTION OF THE POISON-FANG OF A
SERPENT. (After Owen

£, deep groove ; o, its lower termination, which affords exit to the poson ;
B, pulp-cavity.

teeth are shed even before birth. On the other hand, they
may be retained for a relatively longer period than they are

e
A

F1G 249.—MAGNIFIED TRANSVERSE SFCTION OF A SERPENT'S POISON-FANG.
(ASfter Owen )
¢, groove round which the substance of the tooth (containing 4, the pulp-cavity)

15 bent; 7, the pomnt where the sides of the tooth meet and convert the
‘“groove " into what is practically a central cavity.

in man. Thus, in the Ungulates they persist till the adult
form is reached, and, at least in some, till after the bony
elements of the limb-girdles have completely coalesced.

Sometimes tecth are formed which are not desflned to
cut the gum, and are re-absorbed without ever becoming
visible.  This is the case with the upper incisor teesh of
Ruminants. In the Whalebone Whales, before the develop-
ment of baleen, minute teeth are developed in the dental
groove, which teeth are ultimately absorbed while the groove
itself becomes obliterated.

In the Marsupial Mammals but a single tooth is provided
with a vertical predecessor. This tooth is the one which
would be the fourth pre-molar were the normal nuniber de-
veloped, and it thus serves to define the last of the pre-inolars,
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We see by this, that there may be teeth with no vertical pre-
decessors in front of others which have such predecessors.

Milk-teeth may be entirely absent in some Mammals, as is
the case in the Porpoises and Dolphins and most Edentates.

The canine teeth, as in the highest Apes, may appear after
the true molars are in place. Generally the last deciduous
molar rescmbles, not its vertical successor, but the first true
molar, as has been stated with regard to man.

A mode of succession may exist in man’s class which
renders it difficult to define the essential nature of the anterior
molars. Such is the case in thc Elephant, where six tceth
are successively developed, the hindmost ones being much
more complex than the anterior ones. Each rotates into its
position in such a way that one portion of it is worn before
the last part is in place, and ultimately the whole of the jaw
is occupied by a single tooth. The Elephant has, however,
undoubtedly two upper deciduous incisors on each side, and
three molars ought in all probability to be reckoned as
deciduous ones on each side of cach jaw.

Below Mammals we may find quite other conditions of
replacement and succession; but though of course there is
never a “milk” set, yet cven in some Fishes there is a
vertical succession like that occurring in Mammals. This,
for example, is the case in the tecth of the front of the mouth
of the Fish Sargus—which teeth, moreover, bear a singular
resemblance to the incisors of man.

In the Crocodiles, as the teeth wear out or become lost,
they are replaced by others, formed on the inner side of
those which they are destined to succeed. Fach new tooth
causes, by its development, an absorption of the inner wall
of an old tooth, and, entering at this aperture, it becomes
enclosed within the central cavity of the latter, so that when
the old tooth is removed the new onc is found rising up
in its flace. This process appears to go on indefinitely
through the whole of life in these creaturcs.

A far more abundant supply of new tecth and rcady re-
placement of old ones are found in the Sharks. Whole rows
of teeth, getting ready for use, lie folded back onc behind the
other all round the jaws. As the old teeth are lost, those
immediately behind go forward, become erect, and take the
vacant places.

The most singular succession of all is found in the Parrot
Fishes (Scarus). Parrot Fishes browse upon those truly
sensitive plants the arborescent polyps, and their jaws are
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singularly dense and hard, well suited for breaking up their
stony prey. The jaws of the fish are shaped like a parrot’s
beak (whence its name); but it is a beak which singularly
and interestingly differs in structure from that of a bird.

Fi6¢ 250.~VFRTICAL SECTION of THL LOWER JAW OF A SHARK (Lamna),
showing the uppermost erect tooth with the others below m various stages,
each ready to come successively into place when 1ts predecessor 15 removed.
(After Orwen )

A bird’s beak is, as we have seen, a modification of the
epidermus.  This fish-beak, however, is a truly enderonic
structure, and calcareous, not horny. It is, in fact, formed
of an immense number of small elongated tecth, which,
closely packed side by side, are attached by their proxumal
ends to the surface of both the upper and lower beak-shaped
jaws. As these jaws with the annexed denticles are worn
away by use at their margins, both are replaced by a com-
mon down-growth of bone and teeth in the upper jaw, and by
a common upgrowth of bone and tceth in the lower one.

Fi6. 251 —Sipe View oF THE PRF-MAXIT1A OF A PARROT-FISH (Srasus),
showing the closely apposed denticles winch encrust it (After Owen )

33. The STRUCTURE of man’s tecth supplics us with a.
key by which we may understand that of Vertebrates gene-
rally; nor is there any real increase of complexity as to the
number of the constituent materials, though the dentine may

T
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be of various degrees of vascularity.* On the other hand,
the structure of the teeth may be much simpler than in
man 1 his own class, as, ¢.¢., in the Sloths and Armadillos,
where the teeth are formed of dentine and cement only,
being destitute of cnamel.

The best example of great complexity of structure of a
Mammalian tooth is that exhibited by once of the molars of
the Indian Elephant.

Such a tooth consists of a number of narrow transverse
plates of dentine, each plate being capped with enamel, and
the interspaces between the plates being filled up with a
quantity of cement, as if this material had been poured round
and between the plates, and had there solidified.  As the tooth
wears, it assumes the transversely ridged appearance before
noticed, which is an effect of the different densitics of the
component tissues.

Thus the enamel, being harder than either the dentine or
the cement, stands up a httle along each front and hind

Fic :;,'2 ~GRINDING SURFACE OF LOWER MoLAR OF INDIAN ELEPHANT.

(ASfter Owen.)
o, d, two of the vertical plates of *‘dentine ” (each surrounded by *“ enamel ™),
which are connected together by the *‘ cement ”
margin of each transverse plate; and in this way, proceeding
from either end of the tooth along its grinding surface, we
successively meet with layers thus arranged : — Cement,
enamel, dentine, enamel, cement, enamel, dentine, cnamel,
cement, &c.

' I'e may be more or less permeated by canals for nutritive fluid, which are
larger than the dentinal tubes existing in man,
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A similar but less extreme complexity of structure cha-
racterizes the last molar of the largest animal of the Rat
order, namely, the so-called River-hog of the La DPlata—-
Hydrocharus.

Foldings of the dentine, bounded by enamcl and with
cement filling the valleys and interspaces, produce such com-
plex patterns as we find in the Horse and Sheep alrcady
described, and also in the Porcupine and Beaver.

Molar teeth may grow (like those of man) from roots which
soon become calcified, so that no more growth can take place;
and this 1s the more common condition of the Mammalian
molars.

They may have very long roots capable of a prolonged but
still imited increase, as 1n the Horse.

They may spring from persistent roots growing during the
whole of hfe, as in the Porcupine.

The pulp-cavity may be curiously disposed or divided.
Thus in poisonous Scrpents it extends round the greater part
of the poison canal, which, it necd hardly be said, is really
outside the tooth. It may be divided transverscly, as in the
mcisor of the Horse (Fig. 230), where one branch ascends in
front of the depression (or “mark "), and the other branch
ascends behind it. It may
be divided antero-pos-
teriorly, as in notched 1n-
cisors,and especially in the
comb-like oncs of the Fly-
ing Lemur, where (Fig.
228) a branch of the pulp-
cavity ascends cach pro-
cess of the “comb.”

But the, most remark-
able form of the pulp-
cavity is that which ex-
isted in those extinct Ba-
trachians the Labyrintho- -
dons. In those creatures, N P v
numerous vertical grooves  Fic. 253 —Onr QUARTER OF A MUCH
on the surface penetrate S Aicen Tontoxta, Seenion or
with  many inflections
deeply into the substance
of the teeth, and similar narrow processes of the pulp-
cavity interdigitate, also with many inflections, between the
inwardly extending grooves. With this structure a transverse

T 2
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section of the tooth presents such a complex series of radiat-
ing contorted linecs as to have obtained for the animals their
name, and for the kind of tooth the epithet Labyrinthic.

A third kind of complex tooth is presented by one Mammal
only, though certain Fishes present a more or less similar
structure. The animal referred to
is the Cape Ant-eater (Orycteropus),
which possesses the only 7eally com-
pound teeth found amongst Beasts.

Each tooth is cylindrical in shape,
and apparently simple, but when
cut transversely exhibits a number
Fio 254 —Tue Aaxnvark, ©f minute apertures, as does a cut

or CAPE ANT-LATER cane. Each of these apertures is the

Orycteropus). orifice of a pulp-cavity cut across,

and from each of these cavities

minute dentinal tubuli radiate in every direction, so that
the tooth is rcally made up of a number of very elongated
and slender denticles anchylosed together into one solid

Fi6. 255.—TRANSVFRSF SFCTION OF A T00VH OF Orycéeropus, showing the
numerous denticles, each with its pulp-cavity.

True teeth do not co-exist with a horny beak in any
known Mammal. They did so, however, in some of those
extinct flying Reptiles the Pteresauria, and also the extinct
Reptiles Dicynodon had a tooth which grew from a perma-
nent pulp on cach side of the head, though the jaws seem to
have been furnished with a horny beak.

34. Enderonic calcifications which can hardly be called
teeth may occur further back in the alimentary canal than
anything we have yet met with. In a little African Serpent,
Rackiodon, ccrtain bony processes which depend from the
ventral surface of the backbone penetrate the gullet and are
tipped with a kind of enamel. These ccsophageal! teeth per-

* (Esophagus is the name of the passage which leads from the back of the
mouth (or pharynx) to the stomach.
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form a peculiar function. The animal lives on eggs, but is
devoid of lips, so that if it broke the eggs with its mouth
their contents would be lost. It has then but rudimentary
teeth in the ordinary place, but swallowing the eggs whole it
fractures them with these aesophageal teeth, and thus loses
none of the nutritive substance.

35. Structures which are quite like teeth—and indecd much
resemble those of Orycteropus—project from ecither side of
the very elongated rostrum which extends from the front of
the head of the Saw-fish. These, then,
are teeth quite external in position—
enderonic dermal calcifications.

This, however, 1s not the only in-
stance in which tooth-like structures
appear on the external surface of the
body. The Sharks and Rays, for ex-
ample, have dermal calcifications
(springing from a bony base) which
consist of a substance exceedingly
resembling dentine, and morcover
coated with a sort of enamel. These
may be quite small and thickly dis-
tributed all over the body. A skin so
furmshed is called skagreen. They
may however be larger, fewer, and
placed far apart, and as it were cn-
graved with elegant patterns on the
exposed surface, often forming power-
fully defensive spines, as in some
Sharks,

Other Fishes, as the Bony Pikes rig 256 —Unbek Sur-
(Lepedosteus), have a close - fitting ~ racror HRabor ASaw-
armour of solid, enamelled, bony scutes, :;,;13,;’5';{;;;‘ :z‘;“‘;,";ﬁ
which join together by means of a peg  the prolonge¥ rostrum.
and socket articulation.

Fishes more familiar to us, but belonging to the same
Ganoid group, ¢.¢. the Sturgeon, are also furnished with bony
scutes arranged in rows along the body.

The spines of some Teleostei present us with a peculiar kind
of articulation—a shackle-joint (referred to in Lesson IL),
the base of a spine forming a ring which passes through
another ring developed from an ossicle supporting it (fig. 257).

36. The SCALES OF ORDINARY FISHES (as the Perch) are
hard structures embedded in the deep layer, or dermis, and
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so are quite unlike the scales of Reptiles. Indeed, the
“scales” of Fishes should rather be termed “scutes.”

They have been divided into two gréups or kinds—thos2
in which the free margin is smooth and which are termeu

Fiu 237 —=A SHACKUF-JOINT,

Articulation of a large spine with a bony plate (placed below) of the skin of a
Silurowd Fish,

Cycloid,' and those in which the free margin is toothed and
which are named Ctenoid.?

37. Besides scales, spines, and plates, Fishes have OTHER
DERMAL SIRUCTULRES, bony or gnstly, constantly present
within the dernus. One kind consists of filamentary pro-
cesses, which may be either horny or calcareous, and which

Fic 258 —~Dorsat Fin oF AN Acan-  Fio 259 —Dorsat Fin or A MALA-

THOPTeRVGIAN Fisd, showing the COPTERYGIAN FIsH, chowing the soft
firm, -piny hn-rays, /, supported on and sub-divided* hn-rays, /, sup-
the inter-spinous bones, 2. purted on the inter-spinous bones, 2.

support the skin of the fins, whether those of the back, belly,
and tail, or thosc of the hmbs.  Such structures are termed
fin-rays. Another kind consists of the parts (bony or gristly)
which support the fin-rays, and which are termed the “snter-
spinous” bones or cartilages. These may be scen in the
common Sole in the form of small bones extending along
cach margin of the body beyond the cnds of the necura-
pophysial and hypapophysial processes which respectively
project in opposite directions from the centre of the backbone,

! From wixag, a circle, and eldog, form.

2 From srelg, a comb, and efdog.
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38. Lastly may be noticed certain exceptional though not
unfamilar structures which come perhaps more conveniently
under the hecad of the exo-skeleton than elsewhere— namely,
the BONY HORNS OF UNGULATES. In the Oxen, Goats, and
therr allies, horns exist on the head as bony corcs persisting
throughout hfe, and supporting the hollow horns before
noticed under the head of “ Epidermal Structures,” In the
Giraffe we meet with threc bony prominences which arise as
distinct ossifications, and only Jater anchylose with the skull.
These are the pair of short “ horns ” and the median pro-
minenc¢e in front of them. They are without doubt exo-
skeletal structurcs. In Deer, however, we meet with bony
antlers which are shed annually and are destitute of any
horny covering. These may exist 1n both sexes, as in the
Remdecer, but gencrally in the males only. They arise as

Fia. 260.—SrR1ES oF ANTHERS OF 1HF CoMvon STaG, showing (from No 1 to
No. 8) the gradual maease (with ages of size and complenity g the antlers
developed.

No. 1, the antlers which fall in the second year; 6, antler of a young ‘‘stag of
ten,” 7 and 8, antlers of seven years old and upwards

soft, highly vascular prominences, and when full grown
betome hardened by calcarcous deposit. In some months
the investing skin dries up and 1s rubbed away, and the horn
itself falls off after the breeding season, leaving a stump,
whence it shoots again in the following year.

Antlers, as a rule, are branched---more so as the individual
is older till maturity be attamned.
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Some Dzer have enormous antlers, weighing as much as
zeventy pounds, and are formed at the rate of one pound a

ay.

Great as must be the strain on the system from such a
demand, it must yet be excecded by the effects on Birds of
the production of an entire new plumage when moulting.

The antlers, like the bony cores of the hollow-horned rumi-
nants, are rather outgrowths from the skull than skin struc-
tures. Yet in the Giraffe we find short bony horns formed
from ossifications independent of the skull, with which they
unite at a later period only. .

Such are the principal structures which may be described
under the head of exo-skeleton. Other appendages of the
skin which are not skeletal, but excretory (as the milk
glands, scent glands), will be noticed in the Twelfth Lesson
as coming within the group of “excretory structures.”



viL] THE MUSCLES. 281

LESSON VIIL
THE MUSCLES.

1. The MUSCLES of man are his “flesh,” and it is the
muscles of cattle which are eaten as “ the lean” of “ meat.”

These muscles are fleshy masses of different sizes and
shapes, separated from each other by membranes termed
aponeuroses.  Aponeuroses are included amongst those
fibrous and soft parts of the skeleton (referred to in Lesson
I1.) which extend outwards from the bones of the endo-
skeleton to the skin, or exo-skcleton.

The nature of muscular tissue has already been sufficiently
described in the * Elementary Physiology,” Lesson XII.
§ 15; the action of muscles in Lesson VIIL. § 4; their fixed
points, §§ 5 and 6; the kinds of movement they give rise
10, § 17; and their modes of attachment in § 19.

2. That end of a muscle which is nearest to the central
axis of the whole body, or to the ront, or else to the axis of
the lIimb of which it forms part, is generally called its ORIGIN,
and its proximal end. The opposite extremity is generally
called its INSERTION, and its distal end.

Muscles are very often inserted into bones by gieans of
tendons, and then frequently, when such muscles are strong,
part of the bone extends out, as it were, a little way into the
substance of the tendons. Hence arise many such tuberosi-
tics, spinous processes, &c., as we have already made ac-
quaintance with. All the processes of the backbone are so
connected with tendons of muscles.

3. Muscles acting on bony levers produce definite MoO-
TIONS, in consequence of which certain epithets are applied
to such muscles.

Thus, when two bones are united by a hinge-joint, muscles
which by their contraction tend to make the angle formed by
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such bones acute are termed flevors. Those, on the contrary,
which tend to open out such an angle are termed exvensors.

Some muscles attached to a long bone which is relatively
fixed at one end, tend to make 1t describe the superficies of a
cone, or a movement of crcumduction. Such muscles are
termed rofators.

Some muscles move a bone away from a given axis, and
are therefore termed abdductors. Others tend to bring 1t
towards such an axis, and such are called adductors. The
epithets “ protractors” * retractors,” “elevators)” and “ de-
pressors” (terms which require no explanation), arc also some-
times made use of.

There cannot, however, be any rational classification of
muscles according to the functions they exccute, because
such functions often vary in different ammals with regard to
the very same muscle.

4. A'sound CLASSIFICATION of muscles must be morpho-
logical, and may be made to follow that classification of parts
which has been already given with respect to the skeleton, or
may be constructed independently,  An independent general
consideration of the musculat system, however (whether ac-
cording to 1ts simplest or most complex condition), will come
most fitly at the end of this lesson,

Arranging the muscles (in the first place) according to the
skelcton, we have-—

(a) Muscles of the exo-skeleton, and

(6) Muscles of the endo-skeleton.

To this 1t will be convenient to add a third catcgory,
namely— ’

(¢) Muscles of the viscera.

The cxo-skeletal system of muscles may consist of smooth
or of striped fibres.

Such gre the small muscles which go from the deep layer
of the skin to the hair-sacs, and by their contraction make
the hair *“stand on end.” These muscles become large and
important in Birds, and are in them striped instead of un-
striped as in Man.

Other muscles, to be hercafter noted, belong to this cate-
gory, such as the [latysma Myoides, and certain muscles
of the face of man,

The endo-skeletal system is naturally divisible, like the
skeleton itself, into an axial and appendicular portion. These

1 For an account of this difference of structure i
XL of * fcount of Physiolozy,i 90157 ructure in muscular fibres, see Lesson
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general considerations, however, will be more profitable after
a review of the muscles as they exist in man, and of the
more interesting and significant deviations from his structure
which may be found in other annnals.

The wiscero-skeletal system of muscles consists of muscular
fibres placed on the walls of the alimentary canal, and in a
variety of tubes and organs (such as the heart. bladder, &c.),
to be hereafter noticed in describing such parts. .

5. It may be useful and convenient in this book to adopt
the order usually followed 1n describing man’s anatomy.  The
MUSCLFS OF THE HEAD AND NiCK will therefore come
first,

Fii, 261 —SvrerrIciAL Muscres oF 1HE Heap: RiGguT Side.

1, anterior part of occipito-frontalis : 1, its postenior portion ; 2, orbicularis palpe-
oratum , 3, levator labit superioris et alie nasi, 4, levator labn  tipenons ;
5. 7ygomaticus minor , 6, zygomaticus mayor, 7, depressor anguh ors, 8,
platysma myoides, g, masseter; 10, vrhncularis oris | 11, antenor auncular;
12, attollens auriculam, or superior auricular, 13, retrahentes auriculam ; 14,

buccmator, 15, trapezius § 16, sterno-mastond . 17, splemus, 18, transversahs
nast, 19, levator menti.

Occipito-frontalis is the name applicd to a thin flat muscle,
divided into two fleshy parts. or bellies. One ‘of these is
placed in the occiput and another over the orbits, and the two
are connected by a wide aponeurosis which covers the top of
the skull and passes immediately beneath the skin.

Three little muscles, termed respectively the
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auriculam, the retrakentes auriculam, and the zygomato-
anricularis, arise from above, behind, and in front of the ear,
to the external part of which they are attached. In rare
cases a man is able to move his ear by the contractiop of
these muscles.

The orbicularis palpebrarum is a muscle which surrounds
the eye beneath the skin, and is not attached to any bone
except at the inner margin of the orbit. By its contraction it
closes the eyelids.

A little muscle, the levator palpebre, takes origin deep in the
orbit (above the optic foramen), and is inserted into the upper
eyelid, which 1t raises. No analogous muscle depresses the
lower eyelid.

Other muscles of man which are connected with the lips
or nose are :—I. Pyramedalis nasi. 2. Levator labii supe-
rioris alegue nast. 3. Compressor naris. 4 Depressor
ale nasi. 5. Levator proprius ale nasi. 6. Levator labia
superioris (which takes origin from the maxilla and malar).
7. Levator anguli oris (ansing below the infra-orbital fora-
men). 8. Zygomalicus minor (going from the malar to join
No. 6). 9. Zygomaticus major (going from the malar to the
angle of the mouth). 10. Depressor anguli oris (springing
from the mandible). 11. Depressor labii inferioris (placed
near the front of the lower jaw.

Fie. 262, —DreePER MUSCLES OF THE RIGHT 511 E oF THR Heab.

1, temporal , 2, corrugator supercilii, 3, transversalis nasi ; 4, depressor ala nasi ;
s, levator anguli oris; 6, buccinator, traversed towards its hinder part by the
duct of the parotid gland ; 7, depressor labii inferions ; 8, levator meati; 9,
masseter, cut short near its insertion ; 10, external lateral ligament,

‘The buccinator is a thin flat muscle extending between the
alveolar margins of the jaws on each side.
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The orbdicularis oris is a muscle surrounding the aperture
of the mouth.

The masseter passes from the malar down to the angle of
the lower jaw,

The temporalis occupies the side of the skull within the
zygoma, and is inserted into the coronoid process of the
mandible.

The plerygoideus internus passes from the pterygoid fossa
to the inner surface of the mandible just above its angle.

The pterygoideus externus arises from the ali-sphenoid
(including the part called “external pterygoid process ”), and
is inserted into the neck of the condyle of the lower jaw and
into the inter-articular fibro-cartilage.

Inside the bony orbit, we have four slender, long, straight
muscles (or rects), and two oblique muscles, all inserted into
the sclerotic, or outer coat of the globe of the cye.

T
Ll

F1G o3 - THE MuscLrs of THF EvEBALL, viewed from above and from the
outer side.

S R, the cuperior rectus; 7nf K. the inferior rectus ;. £.X , the external rectus ;
/1 R., the iternal rectus ; 8 06, the superior oblique, /nf (%4, the inferior
obhque . Ck., the (masma of the optic nerves (/7), /7., the third nerve,
which <upplies all the muscles except the superior oblique and the external
rectus.

The four recti all arise at the bottom of the orbit, about the
optic foramen, and are respectively inserted into the eyeball
above, within, below, and without, whence they are termed
superior, internus, inferior, and cxternus.

The obliguus superior (a slender muscle, like each of the
recti) also arises near the optic foramen. At the inner margin
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of the orbit it passes through a fibro-cartilaginous ring or
pulley, which changes the direction of the tendon, as, after
traversing it, the tendon returns backwards to be inserted
between the upper and external recti muscles. .

The obliguus inferior has no pulley, and 1s the only short
muscle in the orbit. It springs from the orbital plate of the
maxilla near the lachrymal groove, and, passing backwards
between the floor of the orbit and the globe of the eye, is
inserted into the postero-external aspect of the latter.

The platysina myordes is a thin muscle placed imme-
diately beneath the skin of the neck, and extending from the
mandible downwards to the chest and shoulders.

The sterwo-clerdo mastord 1s a long stout muscular strap,
double at 1ts lower cend and arising partly from the clavicle
and partly from the sternum, and inscrted into the mastoid
process.

The digastric is a muscle with two fleshy bellies, with a
median tendon.  Arising from the mastoid, it 1s inserted
inside the mandible closce to the symphysis, The median
tendon is connected with the os hyoides.

Fia. 264 —MuscLrs oF THE Ri1GHT Siok oF THE TONGUE,

[J . .
1, stylo-glossus , 2, stylo hyoid : 3, stylo pharyngeus ; 4, hyo glossus; s, genio-
hyoid, 6, gemo glossus , 7, hinguahs.

The seylo-hyoid, stylo-glossus, and stylo-pharyngeus are three
slender muscles all springing from the styloid process, and
mnsertcd, the first into the corniculum of the hyoid, the second
into the base of the tongue, and the third into the thyroid
cartilage of the larynx.!

The mylo-hyoid is a flat muscle, and passes from inside the
mandible to the body of the hyoid. It unites with its fellow

* For a description of the larynx see Lesson XI1.
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of the opposite side (in front in the middle line) and the
two together form the muscular floor of the mouth.

The genio-kyoid is narrow, and goes from the hyoid to the
mandible inside the symphysis.

he Ayoglossus is a flat muscle, passing from the cornua

of the hyoid upwards to the side of the tonguc, .

The genio-hyoglossus is a flat, tnangular fasciculus, arising
mside the symphysis of the mandible, and insested mn a
radiating manner from beneath the front of the tongue back-
wards to the body of the hyoid.

Fi16. 265.—MuscLis oF THE FroxT AxD Ricut Sipe oF THE NECK

1, anteror belly of digastric , 2, its posterior belly , 3, mylo-hyaid . 4 stylo-hyoid ;
s, stylo-glossus, 6, stylo-pharyngeus, 7. sterno-hyod’, 8, omo hyad; g,
thyro-hyoid ; tu, stetno-thvroid ) 11, anterior scalenus , 12, mida® <Calenus—
the posterior scalenus 1s seen immediately behind it ansing from the second
nb; 13, levator anguli scapula.

The sterno-hyoid muscle is a long band which springs from
within the sternum or clavicle, and goes to the basi-hyoid.

The sterno-thyroid (broader and shorter than the pre-
ceding) springs from within the sternum and goes to the
thyroid cartilage of the larynx.

The thyro-hiyoid appears like a continuation of the last-
noticed muscle, and goes from the thyroid cartilage to the
great cornua.,
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The omo-hyoid is a long digastric muscle which takes
origin from the hyoid and is inserted into the upper margin
of the scapula.

The anterior scalenus lies deep at the side of the neck.
1t springs from the parapophyses of the cervical vertebrae
(third to sixth), and is inscrted into the first rib.

The middle scalenus springs from the diapophyses of the
cervical vertebraz, and also goes to the first rib.

The posterior scalenus arises from the diapophyses of the
last two or three cervical vertebra, and is inserted into the
second rib.

The rectus capitis anticus major arises from the parapo-
physes of the (third to sixth) cervical vertebra, and is in-
serted into the basi-occipital.

The rectus capitis anticus minor springs from the side of
the atlas, and also goes to the basi-occipital.

The rectus lateralts 1s a short muscle interposed between
the transverse process of the atlas and the jugular process of
the occipital bone.

The longus colli is attached to the front of the spine, con-
necting the centra and transverse processes of the vertebra:
from the atlas down to the third dorsal.

F16. 266.—MuscLFs oF THE