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MOSKELETON. 19

geons, the dermal bones are coated externally with a
much harder material, resembling enamel, and such fishes
have accordingly been termed *ganoid,” from the Greek
word *ganos,” signifying brightness. The ganoid plates
in those extinct fishes are usually more close-set, over-
lapping each other, and being fastened together like tiles,
by a peg of one entering a socket in the next, and recip-
rocally. Only two genera of fishes are now known to
exhibit this beautiful arrangement of the dermal bones,
viz. the polypterus of the Nile, and the lepidosteus of the
Ohio, and other great rivers of North America.

In the armadillo, the dermal bones, Fig. 2, ob, are small,

PORTIONS OF DERMO AND NEURO SKELETONS—ARMADILLO (Dasypus tricinetus).

polygonal, usually five or six-sided, smooth on their inner
surface, which rests on the soft subcutaneous layer of cel-
lular tissue, variously sculptured on the outer and ex-
posed side, but with a pattern constant in, and character-
istic of, each species. They are united together at their
thick margins by rough or “sutural” surfaces, and resem-
ble a tessellated pavement. The trunk is protected by a
large buckler of this bony armor; the head is defended





































ARCHETYPE OF THE SKELETON. 51

proper centrum and neural arch, as in Fig. 21, Nos. 51,
53, 7.

The four anterior neurapophyses, 14, 10, 6, 2, give issue
to the nerves, the terminal modifications of which consti-
tute the organs of special sense.

The first or foremost of these is the organ of smell, 19,
always situated immediately in advance of its proper seg-
ment, which becomes variously and extensively modified
to inclose and protect it.

The second is the organ of sight, 17, lodged in a cavity
or “orbit” between its own and the nasal segment, but
here indicated above that interspace.

The third is the organ of taste, the nerve of which
perforates the neurapophysis, 6, of its proper segment,
called “parietal vertebra,” or passes by a notch between
this and the neurapophysis, 10, of the frontal vertebra,
to expand in the organ, which is always lodged below,
in the cavity called “mouth,” and is supported by the
heemal spine, 41, ks, of its own vertebra.

The fourth is the organ of hearing, 16, indicated above
the interspace between the neurapophysis of its own
(oceipital) and that of the antecedent (parietal) vertebra,
in which it 1s always lodged; the surrounding vertebral
elements being modified to form the cavity for its recep-
tion, which is called “otocrane.” The jaws are the modi-
fied heemal arches of the first two segments.

The mouth opens at the interspace between these haeemal
arches; the position of the vent varies (in fishes), but
always opens behind the pelvic arch, S, 62, 63, p, when
this 1s ossified.

Outlines of the chief developments of the dermoskeleton
in different vertebrates, which are usually more or less
ossified, are added to the neuroskeletal archetype; as,






ARCHETYPE OF THE SKELETON. 33

extinet—in which, whilst the peripheral elements of the
vertebra become ossified, the central one remains unos-
sified; and here a few words are requisite as to the de-
velopment of vertebrz.

The central basis of the neuro-skeleton is laid down in
the embryo of every vertebrate animal, as a more or less
cylindrical fibrous sheath, filled with simple cells con-
taining jelly. This fibro-cellulo-gelatinous column is
called “notochord,” Fig. 1, ch (Gr. notos, black; chorda,
cord; in Latin, “chorda dorsalis”). The centrums, or
“bodies of the vertebra,” as anthropotomists call them,
are developed in and from the notochord. The bases of
the other elements of the vertebra are laid down in fibrous
bands, diverging from the notochord, and giving the first
indication of the segmental character of the skeleton. At
this stage, the skeleton of the little fish called “lancelet”
(Amphioxus lanceolatus) is arrested. These fibrous bands
are next converted into cartilage, and the cartilage is in
definite pieces in each segment, recognizable as “neura-
pophyses” (Fig. 1), n; “pleurapophyses” (ib.), pl; “neural
spine” (ib), ns—the centrums still remaining in their
primitive state as the undivided notochord (ib), ch. At
this stage, the skeleton of the sturgeon is arrested. The
peripheral elements may be converted into bone, the cen-
tral ones remaining as notochord, as in the protopterus,
the lepidosiren, and many fossil fishes. But, more com-
monly, the next stage is the subdivision of the notochord
into a series of separate centrums, corresponding with the
pairs of neurapophyses and pleurapophyses—ossification
of all the parts being more or less imperfect, as in the
sharks and rays, which have thence been called “cartila-
ginous fishes.” - When the parts of the vertebrze have
become more completely ossified, as in the fishes called
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SKELETON OF THE FISH.

In all fishes, the extent of ossification is less than in
the higher vertebrate classes. Only in the skull do we
find all the elements of the typical segment represented
by bone. In the trunk, e. g., the hamapophyses and
hzemal spines never advance beyond the fibrous stage of
tissue development.

Four segments enter into the composition of the sku]l
of fishes, answering to the first four in the archetype (Fie.
7), and they combine to constitute the bony framework
of a head, larger in proportion to the trunk than in any
other class of animals. The skull (Fig. 9), 8, 52, br, forms
a cone, whose base is vertical, directed backwards, and
joined to the trunk without an intervening neck, and
whose sides are commonly three in number, one superior,
and two lateral and inferior. The cone is shorter or
longer, more or less compressed or squeezed from side to
side, more or less depressed or flattened from above down-
wards, with a sharper or blunter apex, in different species
of fishes. The base of the skull is perforated by the hole,
called “foramen magnum,” for the exit of the spinal mar-
row; the apex is more or less widely and deeply cleft
transversely by the aperture of the mouth; the eye-sockets
~ or “orbits,” or, are lateral, large, and usually with a free
and wide intercommunication in the skeleton; the two
vertical fissures behind are called “ gillslits,” or branchial
or opercular apertures, and there is a mechanism, like a
door, 34, 35, 36, for opening and closing them. The
mouth receives not only the food, but also the streams of
water for respiration (indicated by the arrow &r), which
escape by the gill-slits. The head contains not only the
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OCCIPITAL SEGMENT, OR VERTEBRA, 39

back part or base of the conical skull, and which immedi-
ately precede and join those of the trunk; we thus obtain
a “segment” or “vertebra” of the skull. If we next pro-
ceed to separate a little the bones composing this segment,
we find those that were most closely interlocked to be in
number and arrangement as follows: Two single and
symmetrical bones, and two pairs of unsymmetrical bones,
forming a circle ; or, if the lower symmetrical bone, which
1s the largest, be regarded as the base, the other five form
an arch supported by it, of which the upper symmetrical
bone is the keystone! This answers to the “neural”
arch of the typical vertebra: the base-bone is the “cen-
trum,” ¢; the pair of bones, which articulated with its
upper surface and protected the hind division of the brain,
form the “neurapophyses,” n ; the smaller pair of bones,
projecting outwards, like transverse processes, are the
“diapophyses,” d; the symmetrical bone completing the
arch, and terminating above in a long crest or spine, is
the “neural spine,” ns. It will be observed that the cen-
trum is concave at that surface which articulates with the
centrum of the first vertebra of the trunk; the opposite
surface is also concave, but expanded and very irregular,
in order to effect a much firmer union with the centrum
of the next cranial segment in advance—great strength
and fixity being required in this part of the skeleton,
instead of the mobility and elasticity which is needed in
the vertebral column of the trunk. It may be also ob-
served that the “ neurapophyses” are perforated, like most
of those in the trunk, for the passage of nerves; that the
diapophyses give attachment to the bones which form the
great inferior or hemal arch; and that the neural spine

1 See my work «“On the Archetype of the Skeleton,” 8vo. 1848, p. 10,
Fig. 1.
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in which it supports an appendage in the form of a single
many-jointed ray, retaining the archetypal character, Fig.
7, No. 53. 1In other fishes, the number of rays progress-
ively increase, until, in those called “ rays” par excellence,
they exceed a hundred in number, and are of great
length, forming the chief and most conspicuous parts of
the fish. The more common condition of the appendage
in question is that exhibited in the species figured, Cut 9.
So developed, it is called in ichthyology the “pectoral
fin:” otherwise and variously modified in higher animals,
the same part becomes a fore-leg, a wing, an arm, and
hand. Some of the special names, originally applied to
the parts of the scapular appendage in man, are retained
and applied to like parts in the pectoral fin of the fish.
Of the two flat bones connecting the fin with the coracoid,
the upper one is the “ulna,” No. 54 ; the lower one the
“radius,” No. 55; the row of short bones joined with
these are the “carpals,” No. 56; the longer and more
slender many-jointed rays answer to the parts called
“metacarpals” and “phalanges” in the human hand. In
the salmon there is a bone answering to the arm-bone or
humerus, which is articulated to the middle of the back
part of the coracoid by a transversely elongated ex-
tremity. It is also expanded at the distal end, where it
articulates by cartilage with the ulna and radius. The
ulna is a semicircular plate of bone perforated in the
centre, and, besides its articulation with the humerus, the
radius, and the ulnar carpals and metacarpal ray, it also
directly joins the broad coracoid. The radius, after ex-
panding to unite with the humerus, the ulna, and the
radial carpals, sends a long and broad process downwards
and inwards, which is united by ligament with its fellow
and with the lower termination of the coracoid. A basis
4*












FRONTAL SEGMENT, OR VERTEBRA, 45

backward, can be detached from the foremost segment
without dividing any bone. It is then seen to consist,
like the third and fourth segments, of two arches and a
common centre; but the constituent bones have been
subject to more extreme modifications. The centrum,
called “presphenoid,” No. 9, is produced far forwards,
slightly expanding; the neurapophyses, called “orbito-
sphenoids,” No. 10, are small semioval plates, protecting
the sides of the cerebrum; the neural spine, or key-bone
of the arch; called “frontal,” No. 11, is enormously ex-
panded; but in the cod and most fishes is single; the
diapophyses; called “post-frontals,” No. 12, project out-
wards from the hinder angles of the frontal, and give
attachment to the piers of the inverted heemal arch. The
first bone of this arch is common in fishes to it and to
that of the last-described vertebra, being the bone called
“epitympanic,” No. 28 (Fig. 9); this modification is called
for by the necessity of consentaneous movements of the
two inverted arches, in conneection with the deglutition
and course of the streams of water required for the bran-
chial respiration. The hsgemal arch of the present seg-
ment—enormously developed—is plainly divided prima-
rily on each sideintoa pleurapophysis and haemapophysis;
for these elements are joined together by a movable
articulation, whilst the bones into which they are sub-
divided are suturally interlocked together. The pleura-
pophysis is so subdivided into four pieces; the upper
one, articulating with the post-frontal and mastoid—the
diapophyses of the two middle segments of the skull—is
called “epitympanie,” No. 28, a; the hindmost of the two
middle pieces is the “mesotympanie,” No. 28, b; the fore-
most of the two middle pieces is the “pretympanic,” No.
928, ¢; the lower piece is the hypotympanic, No. 28, d;






NASAL SEGMENT, OR VERTEBRA. 47

In consequence of this extreme modification, in rela-
tion to the offices of seizing and acting upon the food,
the pair of hamapophyses of the present segment of the
skull have received the name of “lower jaw,” or “man-
dible” (mandibula). The entire segment is called the
“frontal vertebra.”

The first segment, forming the anterior extremity of
the neuroskeleton, like most peripheral parts, is that
which has undergone the most extreme modifications.
The obvious arrangement, nevertheless, of its constituent
bones, when viewed from behind, after its detachment
from the second segment, affords one of the most conelu-
sive proofs of the principle of adherence to common type
which governs all the segments of the neuroskeleton,
whatever offices they may be modified to fulfil. The
neural arch plainly exists, but is now reduced to its essen-
tial elements—viz: the centrum, the neurapophyses, and
the neural spine. The centrum is expanded anteriorly,
where it usually supports some teeth on its under surface
in fishes; it is called the “vomer,” No. 13. The neura-
pophyses are notched (in the cod) or perforated (in the
sword-fish), by the crura or prolongations of the brain,
which expand into its anterior divisions, called “olfactory
lobes;” the special name of such neurapophysis is “ pre-
frontal,” No. 14. The neural spine is usually single,
sometimes eleft along the middle; it is the “ nasal,” No. 15.

The haemal arch is drawn forwards, so that its apex,
as well as its piers, are joined to the centrum (vomer) and
usually also to the neural spine (nasal), closing up ante-
riorly the neural canal. The pleurapophyses are simple,
short, sending backwards an expanded plate; they are
called “ palatines,” No. 20. The hzemapophyses are sim-
ple, and their essential part, intervening between the
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skeletal bones support the gills, and are in the form of
slender bony hoops, called “branchial arches.” ~ They are
articulated to and supported by the hyoidean arch.
Amongst the bones of the muco-dermal system, may be
noticed those that circumseribe the lower part of the orbit,
of which the anterior is pretty constant in the vertebrate
series, and is called “lachrymal,” marked 20 in Cut 9.
In fishes, they are called “ suborbitals,” and are occasion-
ally present in great numbers, as e. ¢, in the tunny. A
similar series of bones sometimes overarches the temporal
fossee, and are called *supertemporals.”

At the outset of the study of Osteology, it is essential to
know well the numerous bounes in the head of a fish, and
to fix in the memory their arrangement and names. The
latter, as we have seen, are of two kinds, as regards the
bones of the neuroskeleton; the one kind is “ general,”
indicative of the relation of the skull-bones to the typical
segment, and which names they bear in common with the
same elements in the segments of the trunk; the other
kind is “special,” and bestowed on account of the particular
development and shape of such elements, as they are modi-
fied in the head for particular functions. I would advise
any one earnestly desirous of comprehending this beau-
tiful department of Comparative Anatomy, to obtain a
prepared and partially disarticulated skull of a cod-fish
from Mr. Flower,! in which every bone bears the initials
of its * general” name, and the numerals indicative of its
“special” name. A great proportion of the bones in the
head of a fish exist in a very similar state of connection
and arrangement in the heads of other vertebrata, up to
and including man himself. No method could be less

' Ante, p. 37.
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The term “cranium” might well be applied to the four
neural arches collectively, but would exclude some bones
called “ecranial” and include some called “facial,” in Hu-
man Anatomy. In aside view of the naturally-connected
bones of the head of a fish, such as is shown in the figure
of the skeleton of the sea-perch, Cut 9, the upper part of
the head is formed by the neural spines called superocci-
pital, 3, frontal, 11, and nasal, 15; produced at the hinder
half into the median ridge. The right lateral ridge is
formed by the parietal, 7, and paroccipital, 4; the external
 ridge by the post-frontal, 12, and the mastoid, 8. The
anterior termination of the series of centrums may be
partly seen through the widely-open orbits at 9 and 13,
indicating the presphenoid and vomer respectively. The
most conspicuous parts of the upper jaw are the pre-
maxillary, 22, and the maxillary, 21, the latter being
edentulous, as in most fishes; the salmon and trout are
examples where No. 21 bears teeth. The shapk and
slight attachment of those bones relate to the necessity of
a movable mouth that can be protruded and retracted, in
a class of animals that derive no aid in the prehension of
their food from their limbs, which are reduced to fins.
The upper bent back part of the premaxillary is called
its “nasal branch,” and is of unusual length in fishes with
protractile snouts, as, e. g., the dories (Zeus), certain wrasses
(Coricus), and especially the sly-bream (Sparus insidiator
of Pallas). In this fish, the nasal branch of the premaxil-
lary plays 1n a groove on the upper surface of the skull,
and reaches as far back as the occiput, when the mouth
is shut and retracted. The descending branch of the
premaxillary is attached by a ligament to the maxillary,
and, as this is similarly attached to the mandible, both
are protruded, when the long nasal branch of the pre-
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maxillary is drawn forwards out of its epicranial groove.
This action is aided by the hypotympanie, which is of
great length, and has a movable articulation at both ends;
the lower end joining the mandible is pulled forward,
simultaneously with the protrusion of the premaxillary,
and co-operates therewith in the sudden projection of the
mouth, by which the sly-bream seizes, or shoots with a
suddenly-propelled drop of water, the small agile aquatic
insects that constitute its prey.

An opposite extreme of modification of the maxillary
and premaxillary bones, where unusual fixity and strength
are needed, is that presented by the “sword-fishes,” in
which the premaxillaries constitute, by an unusual pro-
longation and density of tissue, the sword-shaped weapon
characteristic of the genera Xiphias and Istiophorus.

In Cut 9 the divisions 28 ¢, ¢, and d, of the tympanic
pedicle, and the two chief divisions, 29 and 33, of the
mandible, are shown, together with the four bones of the
opercular appendage ; the preopercular, 34, being serrated
and spined, as in most perches.

Of the hyoidean arch may be seen the glossohyal, 42,
the ceratohyal, 40, with its branchiostegal rays, 44, and
the urohyal, 43. Of the scapular arch, the scapula, 51,
and the coracoid, 52, this supports not only the bones of
the “pectoral fin,” P, viz: ulna, radius, with the small
carpal bones intervening between them and the metacar-
pophalanges, 57, but also the lower elements of the pelvic
arch, 63, and their diverging appendage, 69, called the
“yentral fin,” V.

In the segments of the trunk the hemapophyses, save
in the first vertebra, 58, and the pelvie vertebra; 63, are
not ossified; but they are represented by aponeurotic
fascia continued downwards from the ossified elements of

h#*
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cular tail of the fish. The trunk-vertebrze of a fish are
divisible into those which have free pleurapophyses, called
“abdominal vertebree,” and those without, and which
terminate below by narrow hwemal arches and long
spines, called “caudal vertebrz.” These hemal arches
are formed by different parts in different fishes; com-
monly by the bent-down and terminally confluent para-
pophyses (Fig. 10), I, p, cod ; sometimes, as in the tunny
(20.) 111, by parapophyses, p, lengthened out by pleurapo-
physes, pl; sometimes, as in lepidosteus (¢2.), 11, by pleu-
rapophyses, pl; but never, as in air-breathing vertebrates
(¢b.), V, by ossified heemapophyses, &, ks. These elements,
in the first vertebra of the trunk of a fish, are indeed
ossified, and form the long and slender bone called “clav-
icle,” 58 (Fig. 9), usually attached to the inner side of the
scapular arch. The heemapophyses of, probably, the last
abdominal vertebra, called “ischia,” No. 63, are detached
from the rest of their segment, and are either loosely
suspended in the flesh, beneath or near it, as in the fishes
called “abdominal ;” or they are advanced, much elon-
gated, and attached to the scapular arch, as in the fishes
called “thoracic” (Fig. 9); or they are more advanced,
shortened, and similarly attached, as in the fishes called
“jugular;” or they are wholly wanting, as in the fishes -
called “apodal.” The fins called “ ventral,” V, supported
by the pelvie hamapophyses, indicate by their position
the orders of fishes called “abdominal,” “thoracic,” and
“jugular,” by Linnseus.

The only proper fins in pairs are the “ peectoral,” P,
answering to the fore-limbs of quadrupeds, and the “ven-
tral,” V, answering to the hind-limbs. The rest of the
fins are single and median in position, and are due to
folds of the skin, in which certain dermal bones are
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soft rays. A, the anal fin, has 3 spinous+8 soft rays.
C, the caundal fin, has 18 rays.

When the piscine modification of the vertebrate skele-
ton is contemplated in relation to the life and movements
of a fish in its native element, every departure from the
archetype is seen to be in direct relation to the habits
and well-being of the species.

The large head has been compared to the embryonic
disproportion of that part in higher vertebrates; but the
head of a fish should be of the size and shape best fitted
to overcome the resistance of water, and to facilitate rapid
progression through that element; the head must, there-
fore, grow with the growth of the body. Accordingly,
the large skull-bones always show the radiating bony
filaments in their clear circumference, which is the seat
of growth; and hence the number of overlapping squa-
mous sutures which least oppose the progressive exten-
sion of the bones. The cranial cavity expands with the
expansion of the skull, but the brain undergoes no cor-
responding increase; it lies at the bottom of its capacious
chamber, which is principally occupied by a loose cellular
tissue, situated, like the *arachnoid” membrane in man,
between the brain-tunics, called “pia mater” and “dura
mater,” and having its cells filled by a light, oily fluid;
thus the head is rendered specifically lighter than if
growth only, and not the modelling absorption also, had
gone on. The loose connection of the heemal arches and
their parts, including most of what are called “bones of
the face,” seems like the retention of a condition observ-
able in the partially-developed skull of the embryos of
higher animals; but this condition is subservient to the
peculiar and extensive movements of the jaws, and of the
bony supports of the breathing machinery. Not any of
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the limbs of fishes are prehensible; the mouth may be
propelled by them to the food, but the act of taking it
must be performed by the jaws; these can, accordingly,
be not only opened and shut, but can be protruded and
retracted. The division of the long tympanic pedicle into
several partly-overlapping pieces adds to its strength,
and by a slight elastic yielding diminishes the liability to
fracture. The tongue, to judge by its structure, seems to
serve little as an organ of taste, but the arch sustaining it
has much to effect in the way of swallowing; for this
action relates not merely to food; the mechanical part of
breathing is a modified, habitual, and frequent act of deglu-
tition. The hyoid arch is the chief support of the bran-
chial arches and gills; and the branchiostegal membranes,
stretched out upon the diverging rays of the hyoid arch,
regulate the course and exit of the respiratory currents.

By the retraction of the hyoid arch the opercular doors
are forced open, and the branchial cavity is widened,
whilst all entry from behind is prevented by the branchi-
ostegal flaps, which close the external gill-openings. The
water, therefore, enters by the gaping mouth, and rushes
through the sieve-like interspaces of the branchial arches
into the branchial cavity; the mouth then shuts, the
opercular doors close upon the branchial and hyoid
arches, which again swing forwards; and the branchio-
stegal membranes being withdrawn, the currents rush out
at the gill-openings. Thus the mechanical functions of
the hezemal arches of the thorax of the higher air-breath-
ing classes are transferred to the hsemal arches and ap-
pendages of the skull in fishes.

The persistent gills and gill-arches in fishes have been
compared with the same parts which are transitory in
frogs, and with some traces of branchial organization in
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the embryos of higher vertebrates; and fishes have been
called, in the language of the transmutation-of-species
. hypothesis, “arrested gigantic tadpoles.” It will be
found, however, that so far from there having been any
stoppage of development, the branchial arches have been
adapted to the exigencies of the fish by advancing to a
grade of structure which they never reach in the frog.
This is shown by their firm ossification, and their numer-
ous elastic joints; the sieve-like valves developed from
the side next the mouth have been pre-arranged, with the
utmost complexity and nicety of adjustment, to prevent
the entry of any particles of food, or other irritating mat-
ters, into the interspaces of the tender, vascular, and
sensitive gills. It is interesting, also, further to observe,
that the last pair of these arches, which, when the em-
bryo-fish is as yet edentulous, usually support gills, are
reduced, when the supply of yolk-food is exhausted, and
the jaws get their prehensile organs, to the capacity of
the gullet, become thickened, in order to support teeth
for tearing in pieces, mincing, or crushing the food, and
are converted into an accessory pair of jaws, and this
pair the most important of the two, as it would seem; for
the carp-tribe—e. g., tench, barbel, roach—which have no
teeth on their proper jaws, have teeth on the pharyngeal
jaws. In mo other vertebrate animals, save the osseous
fishes, is the mouth provided with maxillary instruments
at both the fore and hind apertures; and in no other part
of the piscine structure is the direct divergence from any
conceivable progressive scale of ascending organisms,
culminating in man, so plainly marked as in this.

The general form of the fish is admirably adapted to
the element in which it lives and moves. The viscera
are packed in a moderate compass, in a cavity brought
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broader than they are long; there are no superorbitals.
A strong ridge is developed from the under surface of
the basisphenoid, and a long and strong recurved hypa-
pophysis from that of the basioccipital ; these give inser-
tion to the powerful “longi-colli” muscles, by which the
downward stroke of the head is performed in the inflic-
tion of the wound by the poison-fangs.

The characteristics of the trunk-vertebrae of the ophi-
dian reptiles are as follows: The autogenous elements,
except the pleurapophyses (Fig. 16), pl, coalesce with
one another in the vertebrae of the trunk; and the pleu-
rapophyses also become anchylosed to the diapophyses
in those of the tail. There is no trace of suture between
the neural arch (¢b.), n, and centrum, e. The outer sub-
stance of the vertebra is compact, with a smooth or
polished surface. The vertebree are
“proccelian ;" that is, they are articu-
lated together by ball-and-socket joints,
the socket being on the fore part of the
centrum, where it forms a deep cup
with its rim sharply defined ; the cavity
looking not directly forwards, but a
little downwards, from the greater pro-
minence of the upper border; the well- ~ VERTEBRA OF THE
turned prominent ball terminates the :;;TLEEH“EIG""“'
back part of the centrum rather more
obliquely, its aspect being backwards and upwards.
The hypapophysis, Ay, is developed in different propor-
tions from different vertebrz, but throughout the greater
part of the trunk presents a considerable size in the
cobra and crotalus (Figs. 13 and 16), &y ; it is shorter in
the python and boa. A vascular canal perforates the
under surface of the centrum, and there are sometimes

8
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hypapophysis : this, in the python, is articulated by suture
to the neurapophyses; it also presents a concave articular
surface anteriorly for the lower part of the basioceipital
tubercle, and a similar surface behind for the detached
central part of the body of the atlas, or “odontoid pro-
cess of the axis.” The base of each neurapophysis has
an antero-internal articular surface for the exocecipital
tubercle, the middle one for the hyapophysis, and a
postero-internal surface for the upper and lateral parts of
the odontoid ; they thus rest on both the separated parts
of their proper centrum. The neurapophyses expand
and arch over the neural canal, but meet without coalese-
ing. There 1s no neural spine. Each neurapophysis de-
velops from its upper and hinder border a short zyga-
pophysis, and from its side a still shorter diapophysis.
In the second vertebra, the odontoid presents a convex
tubercle anteriorly, which fills up the articular cavity in
the atlas for the occipital tubercle; below this is the sur-
face for the hypapophysial part of the atlas, and above
and behind it are the two surfaces for the atlantal neura-
pophyses. The whole posterior surface of the odontoid
is anchylosed to the proper centrum of the axis, and in
part to its hypapophysis. The neural arch of the axis
develops a short ribless diapophysis from each side of
its base; a thick sub-bifid zygapophysis from each side of
the posterior margin; and a moderately long bent-back
spine from its upper part. The centrum terminates in a
ball behind, and below this sends downwards and back-
wards a long hyapophysis.

- At the opposite extreme of the elongated body, two or
three much simplified vertebra are usually found blended
together. In true serpents there are no scapular arch and
appendages, no sternum, no sacrum ; but a pair of slender
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character; just as the snake-like eel is compensated by
analogous modifications amongst fishes, and the snake-
like centipede among insects.

OSTEOLOGY OF LIZARDS,

The transition from the ophidian, or snake-like, to the
lacertian, or lizard-like reptiles, is very gradual and easy,
if we pass from the serpents with fixed jaws and a seapu-
lar arch—as, e. g. the slow-worms (anguis)—to the ser-
pentiform lizards with mere rudiments of limbs—as, e. g.
the pseudopus. The distinction is effected through the
establishment of a costal arch in the trunk, completed by
the addition of a heemal spine (sternum) and hemapophy-
ses (sternal ribs) to the pleurapophyses or vertebral ribs,
which are alone ossified in ophidia.

The vertebrae of the trunk have the same proccelian
character, 4. e. with the cup anterior and the ball behind;
the latter being usually less prominent, more oblique, and
more transversely oval than in serpents. The vertebrze
also are commonly larger, and always fewer in number
than in the typical ophidia. The ribs do not begin to be
developed so near the head in lizards. Not only the atlas
and dentata, but sometimes, as in the monitor (varanus),
the four following vertebrz are devoid of pleurapophyses;
and when these first appear they are short, and sometimes
(as in cyclodus) expanded at their extremities. They ra-
pidly elongate in succeeding vertebre, and usually at the
ninth from the head (eyclodus, iguanda), or tenth (varanus),
they are joined through the medium of ossified heemopo-
physes to the sternum; two (varanus), three (chameleo,
iguana), or four (cyclodus), following vertebre are simi-
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wards, and abutting against the mastoid, and sometimes
also against the tympanic and postfrontal. This bar is
called the “zygomatic arch;” it usually consists of two
bones—the one next the maxillary is the “malar,” 26,
the one next the mastoid is the “squamosal,” 27; it
assumes a form meriting that name in the tortoise, and
first received it, as “pars squamosa,” in man, where it is
not only like a great scale, but becomes confluent with
both the mastoid and tympanic. But, as has been before
remarked, we must use the terms invented by anthropo-
tomists as arbitrary signs of the corresponding bones in
the lower creation.

The scapula in the monitor (varanus) is a triangular
plate with a convex base, a concave hind border, and a
nearly straight front border; the apex is thick and trun-
cate, with an oval surface divided into two facets. The
hind border forms a part of the glenoid cavity; the front
one is a rough epiphysial surface, continuous with a
similar but narrower tract, extending upon the anterior
border, and by which the scapula articulates with the
coracoid. In the iguanians and scincoids this synchon-
drosis is obliterated, and the two bones are confluent.
The hind border of the scapula is nearly straight—the
front one sends forwards a process dividing it into two
deep marginations.

The coracoid in both the varanus and iguana is short
and broad; its main body, which articulates with the
sternum, is shaped like an axe-blade; and two strong,
straight, compressed processes extend forwards from 1its
neck, which is perforated between the origins of these
processes and the part forming the glenoid articulations.

The clavicles are simple sigmoid styles in the varanus
and iguana; are bent upon themselves, like the Australian









96 VERTEBR.AE OF THE CROCODILE.

Commencing with the trunk, the first and second ver-
tebree of the neck are peculiarly modified in most air-
breathing vertebrata, and have ac-
cordingly received thespecial names,
the one of “atlas,” the otherof*axis.”
In comparative anatomy these be-
come arbitrary terms, the properties
being soon lost which suggested
those names to the human anato-
S N i thta “atlag” e. g., has'nu power

B — of rotation upon the “axis,” in the
crocodile, and 1t is only in the up-
right skeleton of man that the large globular head is
sustained upon the shoulder-like processes of the “atlas.”
In the crocodile, these vertebrae are concealed by the pe-
culiarly prolonged angle of the lower jaw in the side view
of the skeleton (Fig. 18), and a figure of the two vertebree
is therefore subjoined (Fig. 19). The pleurapophyses, pl,
are retained in both segments, as in all the other vertebrz
of the trunk. That of the atlas, pl, a, is a simple slender
style, articulated by the head only, to the “ hypapophysis,”
ahy. The neurapophyses, na, of the atlas retain their
primitive distinctness ; each rests in part upon the proper
body of the atlas, ca, in part upon the hypapophysis. The
neural spine, ns, @, is also here an independent part, and
rests upon the upper extremities of the neurapophyses.
It is broad and flat, and prepares us for the further me-
tamorphosis of the corresponding element in the cranial
vertebre.

The centrum of the atlas, ca, called the “odontoid pro-
cess of the axis” in human anatomy, here supports the
abnormally-advanced rib of the axis vertebra, pl, z. The
proper centrum of the axis vertebra, cz, is the only one
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centrum is concave; in the second, it is the posterior sur-
face; the zygapophyses are not obliterated in either of
these sacral vertebr, so that the aspeets of their articular
surface—upwards in the anterior pair, downwards in the
posterior pair—determines at once the corresponding ex-
tremity of a detached sacral vertebra. The thick and
strong transverse processes form another characteristic of
these vertebrae; for a long period the suture near their
base remains to show how large a proportion is formed
by the pleurapophysis. This element articulates more
with the centrum than with the diapophysis developed
from the neural arch; it terminates by a rough, truncate,
expanded extremity, which almost or quite joins that of
the similarly but more expanded rib of the other sacral
vertebre. Against these extremities is applied a sup-
plementary costal piece, serially homologous with the
appendage to the proper pleurapophysis in the dorsal
vertebrae, but here interposing itself between the pleura-
pophyses and hsemapophyses of both sacral vertebre,
not of one only. This intermediate pleurapophysial
appendage is called the “ilium;” it is short, thick,
very broad, and subtriangular, the lower truncated apex
forming with the connected extremities of the haeemapo-
physis an articular cavity for the diverging appendage,
called the “hind leg.” The hemapophysis of the an-
terior sacral vertebra is_called “pubis,” 64; it is mode-
rately long and slender, but expanded and flattened at
its lower extremity, which is directed forwards towards
that of its fellow, and joined to it through the inter-
medium of a broad, cartilaginous, hsemal spine, com-
pleting the hsemal canal. The posterior hemopophysis,
63, is broader, subdepressed, and subtriangular, expand-
ing as it approaches its fellow to complete the second
9*
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It is very true,as Cuvier said in the last lecture he de-
livered, “if we were agreed as to the crocodile’s head, we
should be so as to that of other animals; because the
crocodile is intermediate between mammals, birds, and
fishes.” Accordingly, the following description of the
crocodile’s skull is coextensive with that of the fish; if
the answerable bones are rightly determined between
these, their correspondence with those of other verte-
brates will be facilitated. The difficulties in comprehend-
ing the nature of some of the bones of the crocodile’s
head have arisen through passing to its comparison from
that of the mammal’s skull—by descending instead of
ascending to it.

The segments composing the skull are more modified
than those of the pelvis; but just as the vertebral pattern
is best preserved in the neural arches of the pelvis, which
are called collectively “sacrum,” so, also, is it in the same
arches of the skull, which are called collectively “cra-
nium.” The elements of which these cranial arches are
composed, preserve, moreover, their primitive or normal
individuality more completely than in any of the vertebr
of the trunk, except the atlas, and consequently the arche-
typal character can be more completely demonstrated.!

If, after separating the atlas from the occiput, we pro-
ceed to detach the occipital segment of the cranium from
the next segment in advance, we find the detached seg-
ment presenting the form and structure of the neural arch.
The “ centrum” presents, like those of the trunk, a con-
vexity or ball at its posterior articular surface, but its
anterior one, like the hindmost centrum of the sacrum,

1 The skull of the crocodile, partially disarticulated, and with the
bones numbered as in the following description, may be had of Mr.
Flower, No. 22 Lambeth Terrace, Lambeth Road.






SKULL OF THE CROCODILE. 105

the cerebellum ; it is traversed by tympanic air-cells, and
assists with the exoccipitals, 2, 2, in the formation of the
chamber for the internal ear.

The chief modification of the oceipital segment of the
skull, as compared with that of the osseous fish, or with
the typical vertebra, is the absence of an attached hzemal
arch, We shall afterwards see that this arch is present
in the crocodile, although displaced backwards.

Proceeding with the neural arches of the crocodile’s
skull, if we dislocate the segment in advance of the occi-
put, we bring away, in connection with the long base-
bone, 5, the bone, 9, which in the figure of th& section of
the serpent’s skull (Cut 17) is shown similarly united to
5. In fact, the centrums of the vertebra have here co-
alesced, as we find to happen in the neck of the siluroid
fishes, and in the sacrum of birds and mammals. The
two connate cranial centrums must be artificially divided,
in order to obtain the segments distinct to which they
belong. The hinder portion, 5, of the great base-bone,
which is the centrum of the parietal vertebra, is called
“ basisphenoid.” It supports that part of the “ mesence-
phalon,” which is formed by the lobe of the third ven-
tricle, and its upper surface is excavated for the pituitary
prolongation of that cavity. The basisphenoid develops
from its under surface a “ hypapophysis,” which is sutu-
rally united with the fore part of that of the basioceipital,
but extends further down, and is similarly united in
front to the “ pterygoids,” 24. These rough sutural sur-
faces of the long descending process of the basisphenoid
are very characteristic of that centrum, when detached,
in a fossil state. The neurapophyses of the parietal ver-
tebra, 6, 6, or the “alisphenoids,” protect the sides of the
mesencephalon, and are notched at their anterior margin,
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expanded, and smoothly excavated on their inner surface
to support the sides of the large prosencephalon; they
dismiss the great optic nerves by a notch. They show
the same tendency to a retrograde change of position as
the neighboring neurapophyses, 6; for though they sup-
port a greater proportion of their proper spine, 11, they
also support part of the parietal spine, 7, and rest, in
part, below upon the parietal centrum, 5: the neurapo-
physes, 10, 10, are called “orbitosphenoids.” The neural
spine, 11, of the frontal vertebra retains its normal cha-
racter as a single symmetrical bone, like the parietal
spine which it partly overlaps; it also completes the
neural arch of its own segment, but is remarkably ex-
tended longitudinally forwards, where it is much thick-
ened, and assists in forming the cavities for the eyeballs;
it is called the “frontal” bone.

In contemplating in the skull itself, or such side view
as is given in Fig. 9, p. 22, of my work on the Archetype
Skeleton, the relative position of the frontal, 11, to the
parietal, 7, and of this to the superoccipital, 3, which is
overlapped by the parietal, just as itself overlaps the flat-
tened spine of the atlas, we gain a convietion which can-
not be shaken by any difference in their mode of ossifi-
cation, by their median bipartition, or by their extreme
expansion in other animals, that the above-named single,
median, imbricated bones, each completing its neural
arch, and permanently distinet from the piers of such
arch, must repeat the same element in those successive
arches—in other words, must be “homotypes,” or seri-
ally homologous. In like manner the serial homology
of those piers, called “neurapophyses,” viz: the laminw
of the atlas, the exoccipitals, the alisphenoids, and the
orbitosphenoids, is equally unmistakable. Nor can we






SKULL OF THE CROCODILE. 109

face. These bones, which are called “prefontals,” stand
in the relation of “neurapophyses” to the rhinencephalic
prolongations of the brain commonly but erroneously
called *olfactory nerves;” and they form the piers or
haunches of a neural arch, which is completed above by
a pair of symmetrical bones, 15, called “nasals,” which I
regard as a divided or bifid neural spine.

The centrum of this arch is established by ossification
in the expanded anterior prolongation of the fibrous cap-
sule of the notochord, beyond the termination of its gela-
tinous axis. The median portion above specified retains
most of the formal characters of the centrum; but there
is a pair of long, slender, symmetrical ossicles, which,
from the seat of their original development, and their
relative position to the neural arch, must be regarded as
also parts of its centrum. And this ossification of the
element in question from different centres will be no new
or strange character to those who recollect that the ver-
tebral body in man and mammalia is developed from three
centres. The term “vomer” is applied to the pair of
bones, 13, because their special homology with the single
median bone, so called in fishes and mammals, is indis-
putable; but a portion of the same element of the skull
retains its single symmetrical character in the crocodile,
and is connate with the enormous pterygoids, 24, between
which it is wedged. In some alligators (all. niger) the
divided anterior vomer extends far forwards, expands
anteriorly, and appears upon the bony palate.

Almost all the other bones of the head of the crocodile
are adjusted so as to constitute four inverted arches.
These are the hemal arches of the four segments or ver-
tebrze, of which the neural arches have been just described.
But they have been the seat of much greater modifica-

10






SKULL OF THE CROCODILE, 111

nasals, 15, and the lachrymal, 16, as well as with its fellow
of the opposite side of the arch. The smooth, expanded
horizontal plate, which effects the latter junction, is called
the palatal plate of the maxillary ; the thickened external
border, where this plate meets the external rough surface
of the bone, and which is perforated for the lodgment of
the teeth, is the “alveolar border” or “process” of the
maxillary. The hszemal spine or key-bone of the arch, 22,
is bifid, and the arch is ecompleted by the symphysial
junction of the two symmetrical halves; these halves are
called “premaxillary bones:” these bones, like the maxil-
laries, have a rough facial plate, and a smooth palatal
plate, with the connecting alveolar border. The median
symphysis is perforated vertically through both plates;
the outer or upper hole being the external nostril, the
under or palatal one being the prepalatal or naso-palatal
aperture,

Both the palatine and the maxillary bones send outwards
and backwards parts or processes which diverge from the
line of the haemal arch, of which they are the chief ele-
ments; and these parts give attachment to distinct bones
which form the “diverging appendages” of the arch, and
serve to attach it, as do the diverging appendages of the
thoracic hsemal arches in the bird, to the succeeding arch.,

The appendage 24, called “ pterygoid,” effects a more
extensive attachment, and is peculiarly developed in the
crocodilia. As it extends backwards it expands, unites
with its fellow below the nasal canal, and encompassing
that canal, coalesces above-it with the vomer, and is firmly
attached by suture to the presphenoid and basisphenoid :”
it surrounds the hinder or palatal nostril, and, extending
outwards, it gives attachment to a second bone, 25, called
“ ectopterygoid,” which is firmly connected with the max-
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purposely subdivided element have received definite
names. That numbered 29, which offers the articular
concavity to the convex condyle of the tympanic, 28, is
called the “articular” piece; that beneath it, 30, which
develops the angle of the jaw, when this projects, is the
“angular” piece; the piece above, 29',1s the “ surangular;”
the thin, broad, flat piece, 81, applied, like a splint, to the
inner side of the other parts of the mandible, is the
“splenial ;” the small accessory ossicle, 31/, is the “eoro- -
noid,” because it develops the process, socalled, in lizards;
the anterior piece, 82, which supports the teeth, is called
the “dentary.” This latter is the homotype of the pre-
maxillary, or it represents that bone in the mandibular
arch, of which it may be regarded as the hemal spine;
the other pieces are subdivisions of the h@mapophysial
element. The purport of this subdivision of the lower
jaw-bone has been well explained by Conybeare' and
Buckland,? by the analogy of its structure to that adopted
in binding together several parallel plates of elastic wood
or steel to make a crossbow, and also in setting together
thin plates of steel in the springs of carriages. Dr. Buck-
land adds: “Those who have witnessed the shock given
to the head of a crocodile by the act of snapping together
its thin long jaws, must have seen how liable to fracture
the lower jaw would be, were it composed of one bone only
on each side.” The same reasoning applies to the com-
posite structure of the long tympanic pedicle in fishes.
In each case the splicing and bracing together of thin flat
hones of unequal length and of varying thickness, affords
compensation for the weakness and risk of fracture that

1 ¢ Geol. Trans.,” 1821, p. 565.
2 « Bridgewater Treatise,” 1836, vol. i. p. 176.
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larynx. The long, bony “ceratohyal,” and the commonly
cartilaginous “epihyal,” are suspended by the ligament-
ous “stylohyal” to the paroccipital process; the whole
arch having, like the mandibular one, retrograded from
the connection it presents in fishes,

This retrogradation is still more considerable in the
succeeding heemal arch. In comparing the occipital seg-
ment of the crocodile’s skeleton with that of the fish, the
chief modification that distinguishes that segment in the
crocodile is the apparent absence of its heemal arch. We
recognize, however, the special homologues of the con-
stituents of that arch of the fish’s skeleton in the bones
51 and 52 of the crocodile’s skeleton (Fig. 18); but the
upper or suprascapular piece, 50, retains, in connection
with the loss of its proximal or cranial articulations, its
cartilaginous state ; the scapula, 51, is ossified, as is like-
wise the coracoid, 52, the lower end of which is separated
from its fellow by the interposition of a median, symme-
trical, partially-ossified piece called “episternum.” The
power of recognizing the special homologies of 50, 51,
and 52 in the crocodile, with the similarly-numbered
constituents of the same arch in fishes—though masked,
not only by modifications of form and proportion, but
even of very substance, as in the case of 50—depends
upon the circumstance of these bones constituting the
same essential element of the archetypal skeleton, viz.,
the fourth hsemal arch, numbered p/, 52, in Fig. 7: for
although in the present instance there is superadded, to
the adaptive modifications above cited, the rarer one of
altered connections, Cuvier does not hesitate to give the
same names, “suprascapulaire” to 50, and *scapulaire”
_to 51, in both fish and crocodile; but he did not perceive
or admit that the narrower relations of special homology
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sense ; that in the fish the scapula-coracoid arch is in its
natural or typical position, whereas in the crocodile it
has been displaced for a special purpose. Thus, agree-
ably with a general principle, we perceive that, as the
lower vertebrate animal illustrates the closer adhesion to
the archetype by the natural articulation of the scapulo-
coracoid arch to the oceiput, so the higher vertebrate
manifests the superior influence of the antagonizing
power of adaptive modification by the removal of that
arch from its proper segment.

The anthropotomist, by this mode of counting and de-
fining the dorsal vertebra and ribs, admits, unconsciously
perhaps, the important principle in general homology
which is here exemplified; and which, pursued to its
legitimate consequences, and further applied, demon-
strates that the scapula is the modified rib of that
centrum and neural arch, which he calls the “occipital
bone;” and that the change of place which chiefly masks
that relation (for a very elementary acquaintance with
comparative anatomy shows how little mere form and
proportion affect the homological characters of bones),
differs only in extent, and not in kind, from the modifica-
tion which makes a minor amount of ecomparative obser-
vation requisite, in order to determine the relation of the
shifted dorsal rib to its proper centrum in the human
skeleton.

With reference, therefore, to the occipital vertebra of
the crocodile, if the comparatively well-developed and
permanently-distinet ribs of all the cervical vertebra
prove the scapular arch to belong to none of those seg-
ments, and if that heemal arch be required to complete
the occipital segment, which it actually does complete in
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and extends from the summits of the neural spines into
only eight of the intervening plates, s 1 to s8; ossification
also extends into the contiguous lateral plates, pi1 to pi8,
in some chelonia, not from the corresponding part of the
subjacent ribs, but from points alternately nearer and
further from their heads, showing that such extension of
ossification into the corium is not a development of the
tubercle of the rib, as has been supposed. Ossification
commences independently in the corium in all the margi-
nal plates, m 1 to py, which never ecoalesce with the bones
uniting the sternum with the vertebral ribs, and which
are often more numerous, and sometimes less numerous
than those ribs, and in a few species are wanting.
Whence it is to be inferred that the expanded bones of
the carapace, which are supported and impressed by the
thick epidermal scutes called “tortoise-shell,” are dermal
ossifications, homologous with those which support the
nuchal and dorsal epidermal scutes in the crocodile.
Most of the pieces of the carapace being directly con-
tinuous or connate with the obvious elements of the ver-
tebree, which have been supposed exclusively to form
them by their unusual expansion, the median ones, s1 to
s11, have been called “neural plates,” and the medio-
lateral pieces, pll to pl8, “costal-plates;” but the exter-
nal lateral pieces, m1 to m 12, have retained the name of
“marginal plates.” The first or anterior of the median
plates (ch, “nuchal plate”) is remarkable for its great
breadth in the turtles, and usually sends down a ridge
from the middle line of its under surface, which articu-
lates more or less directly with the summit of the neural
arch of the first dorsal vertebra; the second neural plate
is much narrower, and is connate with the summit of the
neural spine of the second dorsal vertebra; the seven suc-

5 b
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three explanations may be given: one in conformity
with the structure of the thoracic-abdominal cage in the
crocodile ; the other based upon the analogy of that part
in the bird ; and the third agreeably with the phenomena
of development. According to the first, the median
piece of the plastron, called “entosternal,” S, answers to
the sternum of the crocodile, or “sternum proper,” and
the four pairs of plastron-pieces, es, hs, ps, xs, answer to
the “hamapophyses” forming the so-called sternal and
abdominal ribs of the crocodile. Most comparative ana-
tomists have, however, adopted the views of Geoffroy St.
Hilaire, who was guided in his determination of the
pieces of the plastron by the analogy of the skeleton of
the bird; according to which all the parts of the plas-
tron are referred to a complex and greatly developed
sternum, and the marginal plates are viewed as sternal
ribs (hzemapophyses). The third ground of determina-
tion refers the parts of the plastron, like those of the
carapace, to a combination of parts of the endoskeleton
with those of the exoskeleton.

In Fig. 21, the marginal plates m 1 to m 12, are
twenty-four in number, or twenty-six if the first (nuchal,
ch) and last (pygal, py) vertebral plates be included.
Omitting these in the enumeration, three marginal pieces
intervene on each side at the angles between the first
median plate and the point of the first costal plate formed
by the end of the second dorsal rib, which point enters a
depression in the fourth marginal piece, m 4; the fifth,
sixth, seventh, eighth, ninth, and tenth marginal plates
are similarly articulated by gomphosis to the six suc-
ceeding ribs; the eleventh marginal plate has no corre-
sponding rib; the twelfth is articulated with the point of
the ninth dorsal rib supporting the eighth costal plate.
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In the figure of the skeleton of the box-tortoise (Fig.
20) a section of the carapace and plastron has been re-
moved from the right side to expose the dorsal and
gacral vertebra, and the disposition of the scapular and
pelvic arches. The eight cervical vertebrae are free,
movable, and ribless; the fourth of these vertebrae has
a much elongated centrum, which is convex at both
ends; the eighth is short and broad, with the anterior
surface of the body divided into two transversely elon-
gated convexities, and the posterior part of the body
forming a single convex surface divided into two lateral
facets; the under part of the centrum is carinate. The
neural arch, which is anchylosed to this centrum, is
short, broad, obtuse, and overarched by the broad ex-
panded nuchal plate, ¢h. The first dorsal vertebra, d 1,
is also short and broad, with two short and thick pleura-
pophyses, articulated by one end to the expanded ante-
rior part of the centrum, and united by suture at the
other end to the succeeding pair of ribs. The head of
each rib of the second pair is supported upon a strong
trihedral neck, and articulated to the interspace of the
first and second dorsal vertebrae: it is connate, at the
part corresponding to the tubercle, with the first broad
costal plate, which articulates by suture to the lateral
margin of the first neural plate, and to portions of the
nuchal and third neural plates: the connate rib, which is
almost lost in the substance of the costal plate, is con-
tinued with it to the anterior and outer part of the cara-
pace, where it resumes its subeylindrical form, and arti-
culates with the second and third marginal pieces of the
carapace. The neural arch of the second dorsal vertebra
is shifted forwards to the interspace between its own cen-
trum and that of the first dorsal vertebra. A similar
disposition of the neural arch and spine, and of the ribs,
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of the atlas, or “odontoid,” has coalesced with 1ts proper
neural arch, which develops two transverse and two long
posterior oblique processes, as in the chelys.

In the true or land tortoises the temporal depressions
are exposed, as in the box-tortoises and fresh-water ter-
rapenes: the head is proportionally small, and can be
withdrawn beneath the protective roof of the carapace.
The skull is rounder and less depressed than in the terra-
penes: the frontals enter into the formation of the orbital
border. The tympanic hoop is notched behind, but the
columelliform stapes passes through a small foramen. The
palatine processes of the maxillaries are on a plane much
below that of the continuation of the basis eranii, formed
by the vomer and palatines. In most of the chelonia, the
nasal bone is connate with the prefrontal ; and, in all, the
tympanic pedicle is firmly wedged between the broad
appendage of the maxillary arch, formed by the malar,
26, and squamosal, 27, in front, and the mastoid, 8, behind.
The broad-headed terrapene (podocnemys expansa) differs
from other fresh-water tortoises, and approaches the ma-
rine tortoises (turtles), by the vaulted bony roof arching
over the temporal depressions. This roof is chiefly formed
by the parietals, but differs from that in the turtles in
being completed laterally by a larger proportion of the
squamosal than of the postfrontal, which does not exceed
its relative size in other terrapenes. The present species
further diq'ers from the marine turtles in the nonossifica-
tion of the vomer, and the consequent absence of a septum
in the posterior nostrils; in the greater breadth of the
pterygoids, which send out a compressed rounded process
into the temporal depressions: the orbits also are much
smaller, and are bounded behind by orbital processes of
the postfrontal and malar bones: the mastoids and paroe-
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cipitals are more produced backwards, and the entire skull
is more depressed than in the turtles.

The ordinary position of the scapular extremity is a
state of extreme pronation, as shown in Fig. 20, with the
olecranon, or top of 54, thrown forwards and outwards,
and the radial side of the hand, or thumb, 7, directed to
the ground. The humerus, 53, is strongly bent in a sig-
moid form, with the anconal surface convex and directed
upwards and outwards: the two tuberosities at the proxi-
mal end are much developed and bent towards the palmar
aspect, bounding a deep and wide groove: that which
answers to the external tuberosity is the smallest, and by
the rotation of the humerus it becomes the most internal
in position. The proximal row of the carpus consists of
four bones—viz: a large scaphoides, a small lunare,
wedged into the interspace of the radius and ulna, a large
cuneiforme, and a small pisiforme. The second row con-
sists of five distinet bones, corresponding with the five
digits ; those supporting the fourth and fifth answering to
the os unciforme, the remaining three to the trapezium,
trapezoides, and magnum. The first and fifth of the digits
have each one metacarpal and two phalanges; the rest,
i, 77, tv, have each a metacarpal and three phalanges. A
sesamoid bone is placed beneath the metacarpo-phalangeal
joint of the three middle digits.

In the pelvic extremity, the femur, 65, is sigmoidally
bent, but in a less degree than the humerus, and is a
shorter bone. The patella is ligamentous: the synovial
joint between it and the femur is distinet from the proper
capsule of the knee-joint; the fibula, 66, is longer and more
slender than the tibia, 66; a small “fabella” is articulated
to its upper end. The proximal row of the tarsus consists

of two bones, astragalus and calcaneum, which sometimes
12
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Fig. 24.

SKELETON OF THE SWAN (Cygnus ferus).
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stance of the back part of the sternum. Small pneumatic
foramina are sitnated at the anterior and inner surface of
the bone, and perforate the articular surfaces for the ster-
nal ribs.

In the skeleton of the wild swan (Cygnus ferus) (Fig.
24), here selected as an illustration of the ornithiec modi-
fication of the vertebrate type, there are not fewer than
twenty-eight vertebra, csD, between the skull and the
sacrum, the last six of which, DD, support movable ribs;
of these, the first and second pairs are free; the next four
are articulated to the sternum by bony hemapophyses;
the last five pairs of ribs are attached to the sacrum, and
also to the sternum; but the tenth, or last rib on the left
side, is very rudimentary, being only about one inch in
length. There are eight caudal vertebrie, 0d. The trachea,
or windpipe, penetrates the sternum, and bends and winds
in the interior of the bone before returning to enter the
chest. The apex of the furculum, 58, bends upwards,
and forms a hoop over the windpipe as it enters into the
keel of the breast-bone. The furculum, sometimes called
“merrythought,” consists of the two clavicles confluent
at their lower free ends. If a portion of the one side of
the sternum be removed, the tortuous trachea which it
incloses will be exposed. To the great length and pecu-
liar course of the windpipe in this species is to be attri-
buted its remarkably loud and harsh voice; whence the
name hooper, or whistling swan, has been derived; and
is applied in eontradistinetion to the domestic or mute
swan, in which, as in most other birds, the trachea pro-
ceeds at once to the lungs, without entering the sternum.
In the female of the wild species, the course of the tra-
chea is much more limited than in the male, seldom
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figure to the trunk of these swimming-birds, which is
well adapted to their favorite medium and mode of loco-
motion. The bones of the wing or anterior extremity do
not present that extraordinary development which might
be expected from the powers of the member of which
they form the basis. The great expanse of the wing is
gained at the expense of the epidermoid system (quills
and feathers, like hairs and scales, are thickened epiderm),
and is not exclusively produced by folds of the skin re-
quiring elongated bones to support them, as in the flying-
fish, flying-lizards, and bats. The wing-bones of birds
are, however, both in their forms and modes of articula-
tion, highly characteristic of the powers and applications
of the muscular apparatus requisite for the due actions
of flight. The bones of the shoulder consist on each side
of a scapula, 51, a coracoid, 52, and a clavicle, 58, the
clavicles being, as a general rule in birds, confluent at
their median ends, and so forming a single bone called
“furculum,” or “os furcatorium;” this further modification
of the hsemal arch in birds, repeating that of the pubis
and lower jaw in some other animals, having occasioned
an additional specific term in ornithotomy. The scapula,
51, is a long, narrow, flat sabre-shaped plate, expanded at
the humeral end, where it forms externally part of the
joint for the arm-bone called ‘“glenoid cavity,” and ex-
tended backwards nearly parallel with the vertebrw, as
far as the ilium, 62, in the swan, and reaching to the last
rib in the swift; but it 1s much shorter in the birds in-
capable of flight. The coracoid is the strongest of the
bones of the scapular arch: it forms the anterior half of
the glenoid cavity, extends above this part to abut upon
the fureculum, and is continued downwards below the
joint, expanding, to be fixed in the transverse groove at
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loid cavity backwards, parallel with the ilium; it some-
times coalesces, as in the swan, with both the ilium and
pubis at its distal end.

The cotyloid cavity is incomplete behind, and is closed
there by ligament. The femur, 65, is a short, cylindrical,
almost straight bone; the head is a small hemisphere,
presenting at its upper part a depression for the “round
ligament.” The single large “trochanter” generally rises
above the articular eminence, and is continuous with the
outer side of the shaft. The orifice for the admission of
air is situated in the depression between the trochanter
and head. The distal end presents two condyles, the
inner one for the inner condyloid cavity of the tibia; the
outer one for the outer cavity of the tibia and for the
fibula; the outer condyle is produced into a semicircular
ridge, which passes between the tibia and fibula; this
ridge puts the outer elastic ligament on the stretch, when
the fibula is passing over the condyle, and the fibula is
pulled into a groove at the back of the condyle, with a
jerk, when in extreme flexion; this spring-joint is well
exemplified in both the swan and water-hen.

The proximal end of the tibia is divided into the two
shallow condyloid cavities above noticed: two ridges are
extended from its upper and anterior surface: the
strongest of these is the “procnemial” ridge, and is
slightly bent outwards; the shorter one on the outside of
this is the “ ectocnemial” ridge; they are usually united
above by a transverse ridge, called “epicnemial” ridge;
this is developed into a long process in the divers, grebes,
and guillemots: a fibular ridge projects slightly from the
upper third of the tibia for junction with the fibula. The
distal end of the tibia forms a transverse pulley or troch-
lea, with the anterior borders produced. Above the fore

13
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part of which there usually rises an intercondyloid tuber-
osity. The entocondyloid cavity is usually the largest
and deepest: it is so in the raven, in which the base of the
intercondyloid tubercle extends over the whole of the in-
tercondyloid space. There are three calcaneal processes:
one, called the “entocaleaneal,” projects from below the
entocondyloid cavity, and from the back part of the upper
end of the entometatarse; a second, called the “mesocal-
caneal,” from the intercondyloid tract and the mesometa-
tarse, and the third called “ectocalcaneal,” from behind
the ectocondyloid cavity and the ectometatarse. These
three processes are united together by two transverse
plates circumseribing four canals, two smaller canals being
further carried between the ento and meso-calcaneal pro-
cesses. The primitive interosseous spaces are indicated
by two small foramina at the upper and back part of the
shaft, which converge as they pass forward, and terminate
by a single foramen at the fourth part of the anterior con-
cavity. A similar minute canal is retained between the
outer and middle metatarsals, near their distal ends; each
metatarsal then becomes distinct, and develops a convex
condyle for the proximal phalanx. The middle one is
the largest, and extends a little lower than the other two:
it is also impressed by a median groove; the more com-
pressed lateral condyles are simply convex, and are of
equal length. A rough surface, a little way above the
inner condyle, indicates the place of attachment of the
small metatarsal of the hallux. |

In the swan and other anserine birds the calecaneal
prominence presents four longitudinal ridges, divided by
three open grooves, the innermost ridge being the largest;
the shaft is subquadrate, with the angles rounded, and
none of the surfaces are channelled. The inner condyle
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scarcely extends before the base of the middle one; the
canal perforating the outer intercondyloid space 18
bounded below by two small bars passing from the mid-
dle to the outer condyle, and which bars define the groove
for the abductor muscle of the outer toe.

The tarso-metatarse of the diver (colymbus) is remark-
ably modified by its extreme lateral compression. The
ento and ecto-calcanea are prominent, oblong, subqua-
drate plates, inclining towards each other, but not quite
circumscribing a wide intermediate space. The broad
outer and inner surfaces of the shaft are nearly flat; the
narrow fore and back surfaces are channelled; the ante-
rior groove leads to the wide canal, perforating obliguely
the shaft above the outer intercondyloid space, from
which a narrower canal conducts to that interspace. The
middle and outer trochles are nearly equally developed;
the inner one stops short at the base of the middle one.

The number of toes varies in different birds; if the spur
of the cock be regarded as a rudimental toe (which is not,
however, my view of it), it may be held to have five toes,
while in the ostrich the toes are reduced to two. Birds,
moreover, are the only class of animals in which the
toes, whatever be their number or relative size, always
differ from one another in the number of their joints or
phalanges, yet at the same time present a constancy in
that variation.

The innermost or back toe, 7 (Fig. 24), answering, as I
believe, to the “hallux,” or innermost digit of the pen-
tadactyle foot, has two phalanges; the second toe, 77, has
three, the third toe, 7, four, and the fourth toe, 7», five
phalanges. 1 believe the toe answering to the fifth in
lizards and other pentadactyle animals to be wanting in
the bird’s foot; and the spur, sometimes single, sometimes
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PRINCIPAL FORMS OF THE SKELETON IN
THE CLASS MAMMALIA.

In the class Mammalia, which includes the hairy guad-
rupeds with the naked apodal whales and biped man, the
form of the animal is modified for a great diversity of
kinds and spheres of locomotion. Some live exclusively
in the ocean, and cleave the liquid element under the form
and with the locomotive powers of fishes; some frequent
the fresh waters ; some pass a subterraneous existence, and
work their way through the solid earth; some mount aloft,
to seek and seize their prey in the air; some pass their
lives in trees; most, however, dwell on the earth, with
various powers of walking, running, and leaping. Lastly,
man is modified to sustain his frame erect on the hinder,
now become in him the lower, limbs. ;

In the Mammalian class, accordingly, we find the limbs
progressively endowed with more varied and complicated
powers. They retain in the Cetacea (whale and porpoise
tribe) their primitive form of flattened fins; in the Un-
gulata (hoofed beasts) one or more of the digits acquire
the full complement of joints, but have the extremity en-
veloped in a dense hoof; in the Unguiculata (quadrupeds
with claws), the limbs, with ampler proportions, have the
digits liberated, and armed with claws confined to the
upper surface, leaving the under surface of the toes free
for the exercise of touch:; in the mole, the hand is
shortened, thickened, expanded, and converted into a
sort of spade; in the bat, the fingers are lengthened,
attenuated, and made outstretchers and supporters of a
pair of wings; in the Quadrumana (ape and monkey
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tribe. But the following osteological characters are both
common and peculiar to the mammalia. The squamosal,
27, or second bone of the bar continued backwards from
the maxillary arch, is not only expanded as in the che-
lonia, but develops the articular surface for the mandible,
and this surface is either concave at some part or is flat.
Each half or ramus of the mandible is ossified from a
single centre, and consists of one piece; and the condyle
is either convex or is flat, never concave. The presphe-
noid (centrum of the parietal vertebra) is developed dis-
tinctly from the basisphenoid; it may become confluent,
but is not connate, therewith.

One known mammal (the three-toed sloth) has more,
and one (the manatee, or sea-cow) has less than seven
vertebrse of the neck. In the rest of the class these
vertebra, which have the pleurapophyses short and
usually anchylosed, are seven in number.

SKELETON IN THE CETACEA, OR WHALE TRIBE.

In the skeleton of the whale (Fig. 25), which to out-
ward appearance seems to have as little neck as a fish,
there are as many cervical vertebra as in the long-necked
giraffe: this is a very striking instance of adherence to
type within the limits of a class: the adaptation to form
and function is effected by a change of proportion in the
bones ; the cervical vertebrae in the whale are flattened
from before backwards into broad thin plates; in the
giraffe (Fig. 30) they are produced into long sub-
cylindrical bones. In the whales, the movements of these
vertebr@ upon one another are abrogated ; and in the
grampus and porpoise, the seven vertebre are blended
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those that have “chevron bones” articulated to their
under part. This special name is given to the vertebral
elements called “h@mapomophyses” (see Fig. 26, &),
which are articulated in cetacea as in crocodilia, directly
to the under surface of the centrum, and, coalescing at
their opposite ends, develop thence a “ heemal spine,” and
form a “hsemal” canal analogous to, but not homologous
with, that in fishes (compare No.V, &, with No. I, p, in
Cut 10, p. 182). The caudal vertebrae of whales further
differ from those in fishes in retaining the transverse pro-
cesses, and in becoming flattened from above downwards,
without coalescing. These modifications relate to the
support of a caudal fin, which is extended horizontally
instead of vertically.

Whales and porpoises progress by bounding move-
ments or undulations in a vertical plane, and their neces-
sity of coming to the surface to inhale the air directly, as
warm-blooded mammals, calls for a modification in the
form of the main swimming instrument, such as may best
adapt it to effect an easy and rapid ascent of the head.

The course of the whale is stopped and modified by
the action of the pectoral limbs, which are the same
parts as those in fishes, but constructed more after the
higher vertebrate type. The digital rays do not exceed
five in number; but they consist of many flattened pha-
langes, and are enveloped in a common sheath of integu-
ment. A radius, 55, and an ulna, 54 (Fig. 25), support
the carpal series; but, instead of being directly articulated
to the scapular arch, they are suspended to a humerus,
53: this is a short, thick bone, with a rounded head.
The scapula, 51, is detached from the occiput, has a short,
stunted, coracoid anchylosed to it, and is thus freely sus-
pended in the flesh; it develops an acromial process: the
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tent: its base is perforated by the ectocarotid canal. The
entopterygoids are thin plates, applied like splints over
the inner side of the squamous suture between the ptery-
goid processes of the palatines and alisphenoids. The
postglenoid process in the horse is less developed than in
the tapir. The Eustachian process is long and styliform.
There is an anterior condyloid foramen, and a wide
“fissura lacera.” The broad and convex bases of the
nasals articulate with the frontals a little behind the an-
terior boundary of the orbits. The space between the
incisors and molars is of greater extent than in the tapir;
a long diastema is not, however, peculiar to the horse;
and, although it allows the application of the bit, that
application depends rather upon the general nature of the
horse, and its consequent susceptibility to be broken in,
than upon a particular structure which it possesses in
common with the ruminants and some other herbivora.
The tapir and the rock econy have four digits on each
fore-foot, and three digits on each hind-foot; but they
resemble more the horse and rhinoceros than any other
Ungulata. If the osteological characters of the hoofed
animals with the hind digits in uneven number be com-
pared together, they will be found to" present, notwith-
standing the differences of form, proportion, and size
presented by the rhinoceros, hyrax, tapir, and horse, the
following points of agreement, which are the more sig-
nificative of natural affinity when contrasted with the
skeletons of the hoofed animals with digits in even num-
ber. Thus, in the odd-toed or “ perissodactyle” ungulates,
the dorso-lumbar vertebree differ in different species, but
are never fewer than twenty-two; the femur has a third
trochanter, and the medullary artery does not penetrate
the fore part of its shaft. The fore part of the astragalus
15
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sponding complexity or perfection of structure; the trunk
13 adjusted to accord with the actions of such instruments,
and the brain is developed in proportion with the power
of executing so great a variety of actions and movements
as the four-handed structure gives capacity for.

In the skull of the quadrumana are seen indications of
a concomitant perfection of the outer senses; the orbits
are entire, and directed forwards, with their outlets almost
on the same plane; both eyescan thus be brought to bear
upon the same object. The rest of the face, formed by
the jaws, now begins to bear a smaller proportion to the
progressively expanding cranium. The neck, of mode-
rate length, has its seven vertebrae well developed, with
the costal processes large in the fifth and sixth: the dorsal
vertebra, twelve, in the species figured (Pithecus satyrus),
show, by the convergence of their spines towards the ver-
tical one on the ninth, that this is the centre of movement
of the trunk. The lumbar vertebra are four in number; .
in the inferior monkeys they are seven, and the anterior
ones are firmly interlocked by well-developed anapophy-
ses and metapophyses. The sacrum is still long and
narrow. The tail, in some of the lower quadrumana, is
of great length, including 30 vertebrz in the red monkey
(Cereopithecus ruber), in which the anterior ones are com-
plicated by having haemal arches. The clavicles are en-
tire in all quadrumana. The humerus has its tuberosities
and condyloid crests well developed. The radius rotates
freely on the ulna. The wrist has nine bones, owing to
a division of the scaphoid, besides supplementary sesa-
moids adding to the force of some of the muscles of the
hand; the thumb is proportionally shorter in the fore than
in the hind foot. The patella is ossified, and in most
baboons and monkeys there is a fabella behind each con-
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the tiger; they are, however, weapons of combat and de-
fence in these great apes, which are strictly frugivorous.
Nevertheless, the muscles that have to work jaws so armed
require modifications of the cranium akin to those that
characterize the lion, viz: great interparietal, 7, and occi-
pital, 3, cristae and massive zygomatic arches. THe spines
of the cervical vertebre are greatly elongated in relation
to the support of such a skull, the facial part of which
extends so far in advance of the joint between the head
and neck. The chimpanzees, moreover, differ from man
in having thirteen pairs of thoracie movable ribs. The
long and flat iliac bones, 62, the short femora, 65, so arti-
culated with the leg-bones, 66, as to retain habitually a
bent position of the knee, the short caleanea, ¢, and the
inward inclination of the sole of the foot, all indicate, in
the highest as in the lowest quadrumana, an inaptitude
for the erect position, and a compensating gain of climb-
ing power favorable for a life to be spent in trees.

In the osteological structure of man (Fig. 46), the ver-
tebrate archetype is furthest departed from by reason of
the extreme modifications required to adjust it to the pe-
culiar posture, locomotion, and endless variety of actions
characteristic of the human race.

As there is nothing, short of flight, done by the moving
powers of other animals that serpents cannot do by the
vertebral column alone, so there is no analogous action
or mode of motion that man cannot perform, and mostly
better, by his wonderfully developed limbs. The reports
of the achievements of our athletes, prize wrestlers, prize
pedestrians, funambulists, and the records of the shark-
pursuing and shark-slaying amphibious Polynesians, of
the equestrian people of the Pampas, of the Alpine
chasers of the chamois, and of the scansorial bark-strip-














































































COMPLEX AND COMPOUND TEETH. 239

and transverse to the long diameter of the tooth. When
the tooth is bisected vertically and lengthwise, the three
substances, d, dentine, ¢, enamel, and ¢, cement, are seen
imterblended, as in Fig. 58, in which p is the common
pulp-cavity, and ~ one of the roots of this complex tooth.

Such are some of the prominent features of a field of

Fig. 58,

LONGITUDINAL SECTION OF PART OF GRINDER OF ELEPHANT.

observation which Comparative Anatomy opens out to
our view—such the varied nature, and such the gradation
of complexity of the dental tissues, which, up to December,
1839, continued, notwithstanding successive approxima-
tions to the truth, to be described, in systematic works,
as a “phaneros,” or “a dead part or product, exhaled
from the surface of a formative bulb!™

I See the Fasciculus of M. de Blainville’s great work, * Ostéographie
et Odontographie d'Animaux Vertébrés,” which he submitted to the
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are cracked and crushed by the teeth, their fracture and

displacement must obviously be no unfrequent occur-

rence; and most specimens of the jaws of the wolf-fish
exhibit some of the teeth either separated at this line of
imperfect anchylosis, or, more rarely, detached by frac-
ture of the supporting osseous alveolar process.

Thus, with reference to the main and fundamental tis-

sue of tooth, we find not fewer than six leading modifica-
tions in fishes.

TEETH OF TRE WOLF-FISH (Anarrhicas).
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impressed by twodeep longitudinal channels. In the lower
Jaw the teeth are narrower transversely than in the upper
jaw, and are divided externally into two convex lobes, by
a median longitudinal fissure; internally they present
three principal unequal convex ridges, and an anterior
and posterior narrower ridge. All the valleys, fissures,

GRINDING SURFACES OF THE UPPER AND LOWER MOLARS OF A HORSE.

and folds in both upper and lower grinders are lined by
enamel, which also coats the whole exterior surface of the
crown. Of the series of six teeth in each jaw, the first
three, p 2, 3, 4, are premolars, the rest, m 1, 2, 3, are true
molars.

"('_ The canines are small in the horse, and are rudimental
in the mare; the unworn crown is remarkable for the
folding in of the anterior and posterior margins of enamel.
The upper canine is situated in the middle of the long
interspace between the incisors and molars; the lower
canine is close to the outer incisor, but is distinguished by
its more pointed form., The incisors are six in number
in both jaws; they arearranged close together in a curve,
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of transverse perpendicular plates, consisting each of a
body of dentine, coated by a layer of enamel, ¢, and this
again by the less dense bone-like substance, ¢, which fills
the interspaces of the enamelled plates, and here more
especially merits the name of “cement,” since it binds
together the several divisions of the crown before they
are fully formed and united by the confluence of their
bases into a common body of dentine. As the growth .
of each plate begins at the summit, they remain detached,
and like so many separate teeth or denticules, until their
base is completed, when it becomes blended with the bases
of contiguous plates to form the common body of the
crown of the complex tooth, from which the roots are
next developed.

African. Asiatic. Elephas primigenius.

MOLAR TEETH OF ELEPHANTS AND THE SIBERIAN MAMMOTH.






































































































312 HOMOLOGIES OF THE HUMAN TEETM,.

termination of the exact homologies of the teeth, it is
' satisfactory to know that the more constant and important
character of development gives the requisite certitude as
to the nature of the so-called bicuspids in the human sub-
ject. In Fig. 76, the condition of the teeth 1s shown in

Fig. 76.

DECIDUOTS AND PERMANENT TEETH, HUMAN, ET. 1.

the jaws of a child of about six years of age. The two
~ incisors on each side, d, 7, are followed by a canine, ¢, and
this by three molar teeth like those of the adult; in fact,
the last of the three, m, is the first of the permanent
molars; it has pushed through the gum, like the two
molars which are in advance of it, without displacing any
previous tooth, and the substance of the jaw contains no
germ of any tooth destined to displace it; it is, therefore,
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