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HUNTERIAN LECTURES,
1844,

INTRODUCTORY LECTURE.
CHARACTERS OF THE CLASSES OF VERTEBRATE ANIMALS.

Mr. President and Gentlemen,

Ix appearing before you on the present oceasion, again honoured hy
the Council with the arduous and responsible duties of the Hunterian
Professorship, it might be expected that time, and the repetition of
their performance, would have abated much of that anxiety and diffi-
dence which naturally oppress whoever undertakes to expound from
this place, and before this audience, the principles of Comparative
Anatomy and Physiology. Seven successive annual deliveries of the
Hunterian Lectures have, indeed, in some measure familiarised me
with this department of the expository labours of the Museum ;
but they have also tended to impress me with the necessity for
increased exertion in order to their successful fulfilment, And
now, more than on any previous oceasion, when we have assembled
in the Theatre of the College under the auspices of a new Charter,
honoured, for the second time, by a special mark of the Royal
condescension and favour *, it more especially behoves us, each in
his respective sphere, and according to his capacity, to redouble onr
efforts to maintain, and, if possible, to raise, the high character of
British Surgery. )

Called by the fruitful principle of the division of labour to the
duties of the conservation, extension, and exposition of the pre-
parations which enrich the Museum, —impressed by a sense
of the intimate connection of the present estimation of Surgieal
Seience with the labours in Comparative Anatomy of that immortal
Physiologist by whom the Museum was founded, —convineed that
what has before reflected lustre on the name of Surcrox must
continue to have the same influence,— I have felt it especially

* The present Charter of the toyal College of Surgeons was granted September
4th, 1843,
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INTRODUCTORY LECTURE. 3

teristic modifications of the Human frame ; and then only can we be
said to know properly our own structure, and, from Anthropo-
tomists, to become Anatomists in the true sense of the word.

As such we begin to feel ourselves in possession of an instrument
which ecan be brought to operate successfully in the solution of
deep and difficult problems of more general interest in the common-
wealth of knowledge, and which renders us indispensable auxiliaries
in the advancement of Sciences which might at first appear to have
but a remote relationship with Anatomy. I need not expatiate on
the light which Anatomy lends to the Zoologist, in threading the in-
tricate mazes of the natural affinities of animals; it is, by universal
consent, admitted to be the essential basis of a sound system of classi-
fication. I need not dwell on the importance of the Comparative Ana-
tomy of the minute and low organised Invertebrata in establishing
true theories, and eradicating false notions, of the origin of living
species ; of which different hypothetical secondary causes have heen
from time to time offered for the acceptance or speculation of the
thinking publie.

But I would allude to the power which the appreciation of the co-
relations and interdependencies of the several parts of each organic
machine gives us to interpret the nature of the whole from the ob-
servation of a part.

By this principle its discoverer, the immortal Cuvier, and his
successors in this application of Anatomy, have been enabled to re-
store and reconstruct many species that have been blotted out of the
book of life. By this we determine from fossil bones or fragments,
submitted to us by the Geologist, the species which are charae-
teristic of different strata. By physiological deductions we can prove
that such species, now extinet, have lived and died, generation after
generation, through the period when those additions were made to
the earth’s crust which their remains characterise.

Thus, and thus only, can we obtain a clear idea of the lapse of
time in which these formations have taken place. The order of
superposition of strata indicates, indeed, their sucecessive formation,
but the determination of their organic remains proves that each
formation was gradual and progressive.

One of the results of this application of Anatomy has been no less
than the discovery of the law of succession of animal life on this
planet, or the determination of the relative periods at which the dif-

ferent classes were successively called into being.

« Another result may be expeeted, and is in progress, as a corollary

of the preceding, viz. the determination of the true Chronology of
the Earth.

B 2







CHARACTERS OF YERTEBRATE ANIMALS, a

Ix the numerous classes of animals which constituted that inferior,
more extensive, and diversified group, linked together by the single
negative character of the absence of a vertebral column, and thence
termed “ Invertebrata,” we saw that, as the several series became ele-
vated in the scale of organization, they diverged from one another by
reason of the preponderating development of some particular class of
organs, and culminated in species, inferior either in their general form,
or their powers of motion and perception, to some of the antecedent
forms, through which the series had passed.* The spider and the crab
are not the kinds of animals in which one should have anticipated
that the type of organisation, so richly varied in the Insect class, would
have ended, had that class been a step in the direet progress to the
vertebrate series. The loss of wings, and the abrogation of the power
of flight, would indicate a retrograde course of development. In the in-
sect, the animal organs, more particularly those of locomotion, prepon-
derate over the vegetative or plastic organs, and in the attempt, as it
were, to restore the balance, by establishing, as in the Crustacea and
Arachnida, a better defined system of circulation, and a more vigorous
and concentrated heart, the general plan of the articulate structure
appears not to be such as to bear this adjustment without a sacrifice
of some of the faculties enjoyed by Insects. So likewise the route of
organisation traceable through the molluscous type seems, on the
other hand, to lead to an extreme subordination of the motive and
sensitive to the vegetative systems. And in those species which make
the nearest approach to the Vertebrata, we find the viscera of organic
life occupying so large a proportion of the body, that no room is left
for the development of nervous or muscular organs, except by what
seems an unduoe expansion and overloading of the head, as, for ex-
ample, in the Cephalopoda. In fact, the nervous system, the essence
and prime distinetion of the animal, had not, so to speak, any proper
or defined abode in the bodies of the invertebrated animals, Its
centres were sometimes dispersed irregularly through the general
cavity of the body, sometimes aggregated around the gullet, some-
times arranged with more symmetry along the abdomen ; yet seldom
better cared for or protected than the neighbouring viscera.

The grand modification, by which a higher type of organisation is
eatablished, and one which becomes finally equal to all the contin-
gencies, powers, and offices of animated beings, in relation to this
planet, is the allocation of the mysterious albuminous eleetric pulp in

‘a special cylindrical eavity, of which the firm walls rest upon a basal

* IMunterian Lectures, Invertelrate, Svo. 1843,
B Y
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CHARACTERS OF VERTEEBRATE ANIMALS. 7

the delicate vibrations of that atmosphere which follow the mutual
contact or percussion of sonorous bodies, and the finer vibrations of
a more subtle mther, the appreciation of which produces the sense
of sight.

With these means of perceiving, knowing, and investigating the
world around them, the Vertebrated animals possess a proportionate
power of acting upon and subduing it. Not any species is fixed to
the earth; all can move, and every variety and power of animal
locomotion is manifested in the vertebrated sub-kingdom. Yet some
permanently retain the worm-like figure, which all primarily manifest
in common with the embryos of the articulate series ; but always
with the grand difference of the dorsal nervous column. Such
vermiform species glide by undulatory inflections of the entire
body through the waters, or on the surface of the ground. But in
most Vertebrata special instruments of locomotion are developed;
some single from the median line, some in pairs; the latter never ex-
ceed four in number, two before or above, ealled arms, or pectoral
extremities (°), and two below or behind, called legs, or pelvie extre-
mities ( J) : thus, the vertebrated type is essentially tetrapodal.* The
solid mechanical supporting and resisting axis, framework, or lever-
age (sk) of these members is internal, vascular, and commonly ossi-
fied. It is covered, and, as it were, clothed by the muscles (m), which
are attached to its outer surface. The elementary contractile fibre of
the voluntary muscular system is transversely striated.

The internal position of the skeleton seems to be the chief con-
dition of the attainment, by certain Vertebrata, of a bulk far surpass-
ing that of the largest of the Invertebrata: and the division of the
skeleton into numerous pieces diversely articulated, gives great variety
and precision to the movements of the Vertebrate animals.

The forms and proportions of the Vertebrata are as varied as their
kinds of locomotion, and the elements in which these are exercised.
With very few exceptions the body is laterally symmetrical, the right
and left sides corresponding. We may likewise discern a general
characteristic of the Vertebrata in the tendency to a symmetrical
development, or a repetition of parts in the vertical direction ;
that is, in the dorsal and ventral regions. Iach vertebral segment
of the internal skeleton, for example, forms typieally a dorsal and a
ventral arch ; the one protecting the nervous axis, the other the vas-
cular trunks and organs of plastic life. The nervous trunk itself

* The homologues of these special instruments of locomotion may exist in
greater numbers, more or less developed and modified, in subservieney to other
functions; as, for example, the opercular and branchiostegal flaps of fishes, the
mmple appendages of the ribs-in fishes and in birds, The arms and legs cormmence
in Lepidosiren, for example, as simple unbranched flamentary appendages diverging

from inferior vertebranl arches,
B 4
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CHARACTERS OF VERTERBRATE ANIMALS. . g

development closely corresponding with that of the pancreas. Lae-
teal vessels convey the nutrient fluid to the veing, and thus it reaches
the heart.

The central organ of cireulation, always present, and of a compact
muscular character, always below or anterior in position to the ali-
mentary tube and nervous axis, is situated towards the fore-part of
the body, most commonly in a compartment distinet from the abdo-
men, where it is suspended in a special bag or pericardium (fig. 1.
k). The blood is red in all the Vertebrated animals, and the colouring
matter is contained in microscopic discoid cells, of an oval or circular
form (fig. 4.). The whole or part of the circulating fluid is trans-
mitted directly from the heart to the respiratory organ ( fig. 1. lg).
The respiratory medium, whether air or water, is admitted to the
respiratory organ by the mouth. From this organ the arterial blood
is sent, sometimes directly, sometimes after a second return to the
heart, or in both ways, to the rest of the system ; but the breathing
organs are never developed, as we saw in many of the Invertebrata,
from the returning venous channels,

The venous blood in the lower Vertebrata is submitted to the
depurating influence of the kidneys; but in the higher Vertebrata
these de-azotising glands (k) are supplied exclusively by arteries.
A part of the venous blood in all Vertebrata cireulates through the
liver, as through a second and subordinate lung, before it finally
reaches the heart.

The system for perpetuating the species is not complete in any
Vertebrated animal; that is, the generative organs are divided be-
tween two individuals, there being no natural Hermaphrodite in this
sub-kingdom. Ivery Vertebrate embryo soon takes on its special
and determinate sexual character, and ends a perfect male or per-
fect female —a fertiliser or a producer. ;

The instinctive sense of dependence upon another, manifested by the
impulse to seek out a mate,— which impulse, even in fishes, is some-
times so irresistible that they throw themselves on shore in the pur-
suit,—this first step in the supercession of the lower and more general
law of individual or self preservation, although not first introduced
at the Vertebrate stage of the animal series, is never departed from
after that stage has been gained. To this sexual relation is next
added a self-sacrificing impulse of a higher kind, viz. the parental
instinct.  As we rise in the survey of Vertebrate phenomena, we see
the entire devotion of self to offspring in the patient ineubation of
the bird, in the unwearied exertions of the Swift or the Hawk to
obtain food for their callow brood when hatched: in the bold de-
monstration which the IHen, at other times so timid, will malke to
repel threatened attacks against her cowering young.
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embryo and the Invertebrate adult,—it is not with any of the higher
forms of Invertebrata,—with neither the Cephalopod, the Arachni-
dan, nor the Inseet,—that such organic correspondence is found to
exist; but it is with the lowest forms and simplest beginnings of
animal life, —with the infusorial monads. Only, in fact, during that
period of the ovum-life of the Vertebrated being, in which the mys-
terious properties of the impregnated germ-vesicle are diffused and
distributed by fissiparous multiplication amongst countless nucleated
cells—the progeny of the primary germinal vesicle and coheirs of

Ova of the Eabbit, at four early stages of development {Barry).

the seminal virtue—do we find such a form and such properties of
the Vertebrated animal as justify us in affirming that there is * Unity
of Organisation” between it and an Invertebrate animal. (Compare
Sig. 2. with cut 14., p. 24., Lectures on Invertebrata.)

The next step in the development of the ovum —and it is so speedy
a one, that those which precede it long escaped observation—im-
presses upon the nascent being its Vertebrated type. Certain nu-
cleated cells lose their individuality and powers of propagation ; they
coalesce and fill the fine tubes so formed with albumen, as the final
act of their assimilative power, and thus become converted into
nervous tissue, in the form of a double chord (fig. 3. ek), which, from
its first beginning, marks the dorsal aspeect of the
embryonic trace: other nucleated cells lay the
foundation of the vertebral column (v) around the
spinal chord ; others again change into the softer
tissues, and the rest, circulating with the nutrient
fluid, as blood dises, through channels which
gketeh out the sanguiferous system, maintain life,
and furnish materials by their powers of assimi-
lation and spontancous fission to the growing
body. *

All vertebrated animals, during a greater or less extent of these
developmental processes, float in a liquid of similar specific gravity
to themselves. A vast proportion, constituting the lowest and fun-

Germ ol a Rabbit
(Barry).

* “The blood [damo, Hebr.] is the life.” — Deut. xii. 23. “alua. .. e Tovry
yap eare 5) puyn.” — Josephus, Antig. 1. 3. 8. “ Empedocles,” says Plutarch, “ con-
siders the soul to be the blood poured into the heart.” Homer (Odyssey, xi. 96,
97. 147.) says, “ The shades thirst after blood, for by its influence they escape from
Erebus, and regain speech.”  Sece also Sprengel,  Beitriige zur Gesehichte der
Medizin," i. 3. for the belief by the ancients in the vitality of the blood.







CHARACTERS OF THE CLASSES OF VERTEBRATE ANIMALS, 13

Procreation is rarvely attended with a ecoitus or intromission, the
requisite accessory organs being wanting in the majority of the class:
and the product still more rarely receives, after exclusion, any pa-
rental attention or care.

Blood-discs, each magnified 300 diameters linear. a, Man : &, Musk-decr ; ¢, Goose; J, Crocodile ;
¢, Frog; f, Siren; g, Cod-fish ; &, Skate.

In many respects Fishes typify the embryonic stages of develop-
ment of the higher animals: they were the first ereated Myelence-
phala ; and, through a series of vast geological periods, as the Silurian,
Devonian, and, perhaps, the Carboniferous, the sole representatives
of the Vertebrated sub-kingdom in this planet.

The second class of Vertebrated animals, called Reptilia, by no
means presents so uniform a type as that of Fishes. Reptiles have
more varied spheres of action. Some retain the form and breathe
the element of fishes, living and moving in water during the whole or
a part of their existence. The transition, indeed, from Fishes to
these lowest Amphibian or Batrachian forms is so close and gra-
dual, that whilst some true Reptiles®* have passed for Fishes, the
higher Fishest have been classed with Amphibia, and even at the
present day, a true Fish—the Protopterus or Lepidosiren —has been
described, and by some naturalists is still regarded, as a Reptile,
But no Reptile has dorsal parapophyses or the seapular arch artieu-
lated to the occiput, and every Reptile has two auricles to the heart,
and the nasal canal communicating with the mouth. The Tortoises
( Chelonia) and Lizards ( Sauria) have locomotive members adapted
for progression on dry land 5 but they can only raise the body a little
way, if at all, above the ground, and creep rather than walk: the
Serpents ( Ophidia) have no visible members, but move by the
reaction of the entire trunk upon the ground, and so drag their
belly through the dust of the earth: whence the name * Reptilia”
(repo, to creep), given to this class of Vertebrate animals,

* Larvae of Rana Paradoxa, called Frog-fish.
1 Sharks and Rays, ealled “ Amphibia nantes " by Linnmus,
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Batrachians and the thin-skinned Lizards in a degree much superior
to any of the scaly class of Fishes: but the integument in many of
the Heptilia is covered or studded with horny or bony scutes.

The generation of Reptiles has certain analogies with that of Fishes.
It is still effected in some species, as the Frogs and Toads, without
intromission, and in the same species we perceive a simultaneous
development of wvery numerous ova; but the Batrachia form the
exception instead of the rule. The intromittent organ which exists
in the great majority of the class is also double in most of these, as in
Serpents and many Lizards. There arein the Reptilia both viviparous
and oviparous species; but the feetus in the former has no attach-
ment to the womb, and the eggs in the latter are hatched by ex-
traneous warmth : the young, after exclusion, receive no parental
care or tuition in any species of the class.

In investigating the various strata of the Earth, which form, as it
were, the grave-yards of as many successive generations of species
and clisses, we meet with the earliest remains of air-breathing
Vertebrate animals in the triassic or Permian series, subsequent to
the deposition of the coal*, and we consequently infer that the date of
their existence, in this planet, is much later than that of Fizhes,
But the Reptilian class seems soon to have acquired a vast extension,
and to have flourished under a variety of forms, developed also to
an enormous bulk, with powers for the acquisition and assimilation
of both animal and vegetable substances, of which the present state
of the elasz can afford no adequate idea. The deposition of the
chalk-formation seems to have been the date of the decline of the
Reptilia, when they gave way to as varied and colossal forms of
animals of a higher type of organisation. Amongst the numerous
species, genera, and even orders of the Reptilia, which at that period
became extinet, was one in which the anterior members of the
animal were developed into wings : these veritable © Flying-Dragons,”
the “Pterodactyles,” as they are termed, seem to have perished when
true winged Birds made their appearance.

The present is scarcely a suitable oceasion for speculating, even if
time permitted, on the probable changes in the atmosphere of our
planet which accompanied those undoubted revolutions in its crust,
by the investigation of which we obtain the evidence of this sue-
cesgive introduction of organic forms; otherwise we might discuss
the reasonableness of the surmise that the atmosphere was unfit to be
breathed by lungs during that vast lapse of time when fishes reigned
supreme upon earth; or we might enquire if the atmosphere of the

* The less conclusive evidence of foot-prinis would earry back the dateof the Sala-
mandroid Cheirotheria to the coal formation,— Lyell, in Sillimon's Journal, vol, i, p. 25
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gullet, being co-extensive with the neck, is of great length; the
stomach is always divided into two cavities, the first glandular, the
second muscular ; and the distinction between small and large in-
testines is usually marked by the presence of two cmea. The in-
testine terminates, as in the Reptiles, in a common cloaca.

The cerebral hemispheres have acquired a large proportional size in
Birds as compared with Reptiles, and the cerebellum is complicated by
many transverse folds: but Birds are peculiarly distinguished by the
inferior and lateral position of the optic lobes; and the whole brain
presents a more compact form and larger size, in proportion to the
spinal cord and nerves, than in Reptiles. The partial enlargements of
the spinal marrow, corresponding to the brachial and lumbar nervous
plexuses, are more marked than in Reptiles, and the lumbar en-
largement is distinguished by a ventricle. The sense of sight is
peculiarly keen and perfect in the class of Birds, and the eye has
some structures which are not found in other Vertebrata. The
organisation of the ear has likewise advanced, a cochlea, though of
simple form, being added to the semicircular canals. A circle of
feathers radiates from the outer aperture of the ear, forming a con-
cave disc or conch, to catch and concentrate the vibrations of =ound;
and such an advance is in harmony with the varied power of ex-
pressing the feelings and the passions with which Birds are gifted.
We may still, indeed, hear in the aquatic members of the class the
hiss of the serpent or the croak of the frog; but as Birds rise in the
seale their vocal powers rapidly develope: the cock “with shrill
- elarion sounds the silent hours,” and the nightingale, bursting forth
in song, fills all the grove with her varied melody. With regard to
~ the sense of smell we estimate its improvement by observing the
- more extensive and complex turbinated cartilages in the present
Class. But taste must still be dull ; there is no true gustatory nerve,
and the tongue is commonly sheathed with horn. The beak is in
some birds modified to communicate a delicate faculty of touch, but
elsewhere this sense is very limited, the general surface of the body
being defended by the dense, imbricated, insensible plumage.

All birds are oviparous : only the aquatic birds enjoy intromission.
The female constructs a nest and incubates her eggs, and, after ex-
clusion, cherishes, {eeds, and educates her young.

The class Mammalia, which crowns the vertebrated series and the
animal kingdom, is characterised by a double circulation, a quick
respiration by lungs subdivided into minute cells, warm blood, and,
with few exceptions, a covering of hair. But the lungs are not fixed
in the interspaces of the ribs, as in birds; nor do they communicate
with abdominal air-cells ; but are confined, with the heart, and freely
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in the “fretful porcupine,” spines in the hedgehog, scales lin the
manis, bony seutes in the armadillo ; whilst a few species at the two
extremes of the series are naked, for example, the whale and the
man.

Thus far the review of the general anatomical characteristics of
the Mammalian class seems not to indicate a very marked superiority :
in the energetic contraction of the musecular fibre, in the rapidity of
the actions of the heart and lungs, Mammals are surpassed by Birds:
but the functions which attain their highest development in the
Mammalian class are of far nobler character than those which are
more immediately connected with the maintenance of animal life.
The progressive expansion of the brain is greatest, and the final pre-

‘dominance of reason over instinct is achieved, in the present class :

sensation is its characteristic rather than muscular energy or irrita-
bility ; the instinets become more varied, they are also less mechanical
and more educable. In Mammalia we first find the eerebral hemi-
spheres acquiring an additional extent of the grey and wascular
surface by convolutions, which increase in number and depth as the
species approximate Man : a fornix first, and then a corpus callosum,
are introduced into the Mammalian brain, to bring into mutual com-
munication the various parts of the hemispheres. A new eranial
bone, the squamosal, developed from the proximal piece of the man-
dibular arch, now, for the first time, takes a share in the forma-
tion of the walls of the cranial cavity. The organs of the senses
attain their most complex structures in the present class. The ear
has a perfect spiral cochlea, and the distinet appendage called outer
ear. No bony plates are ever developed in the sclerotic coat of the eye.
The turbinated bones and pituitary membrane of the nose present in
most Mammalia a great, and in some a prodigious extent of surface.
The tongue is large, soft, and papillose, and is supplied with a gusta-
tory as well as a motor and respiratory nerve.

We see the locomotive extremities progressively endowed with more
varied and complicated powers. At first retaining, in the Cetacea for
example, their primitive embryonic form of simple flattened fins ;
they next, with ampler proportions, aequire the full development of
the normal joints and segments, and have their extremities enveloped
in dense hoofs: next we find 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: then we have certain digits
endowed with special offices, and, by a particular position, enabled to
oppose the others, so as to seize, retain, and grasp : lastly, in Man,
the offices of support and locomotion are assigned to a single pair of

members, so organised as to sustain the body erect; leaving the
o2
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vascular ; they grow by the addition of layers to their circumference,
or they may be cast off when too small for the growing body, and be
reproduced of a more conformable size; but they have no inherent
power of repair.

The internal bones of the Vertebrata are vascular ; they grow by
internal molecular addition and change, and have the power of repair-
ing fracture or other injury.

Such are the broad and obvious distinetive characters of the
skeletons of the Invertebrate and Vertebrate animals; the contrasts
having relation chiefly to the difference in the development of the
nervous system. Thus, when the powers of discerning and avoiding
lethal or hurtful agencies are dull and contracted, the entire animal
is protected by a hard insensible dermal armour, or exo-skeleton ;
but, as those powers become expanded and quickened, the body is
disencumbered of its coat of mail, the skeleton is put inzide, and made
subservient to the activities, and the skin becomes proportionally
more suseeptible of outward impressions of pleasure and pain.

Some estimable anatomists, who have more especially devoted their
attention to the detection of the corresponding parts in different ani-
mals, have supposed that these different functions were performed by
modifications of essentially the same or homologous parts of the
skeleton. S

Segment of exo-skeleton, Asfacus. Segmont of endo-skeleton, Manomal.

Observing that a segment of the outer skeleton of an articulate
animal, the thoracie ring of a lobster for example (fig. 5.), formed
a small canal (es) for the nervous trunks, and a larger one (%) for
the vaseular trunks and plastic organs; and that a thoracic segment
of the skeleton of a Vertebrate animal ( fig. 6.) also formed a small
protecting canal for the spinal chord (e, ns), and a larger hoop (e, /s)
about the vascular and other viscera of that cavity, —they have con-
cluded that both were modifications of the same elements or primary
segment of the skeleton. Carus, for instance (No.r1 p.73.), calls
both rings “vertebrm;” and Geoffroy St. Hilaire (1. p. 119. pl. 7.)
thought it needed but to reverse the position of the Crustacean,—to

turn what had been wrongly deemed the belly upwards,—iun order:
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the nerve-trunks seems to be accidental, depending upon the position
of the muscular masses to which they give attachment, and which
office is the essential condition of their existence. For this purpose
the processes of the exo-skeleton of Insecta and Crustacea must go in-
wards, and thus they happen to protect certain parts of the nervous
system.

Only the highest of the Mollusca possess a true homologue of the
endo-gkeleton, developed in relation to the defence of the nervous
centres : but it is a feeble cartilaginous rudiment in the best organized
Cephalopods ; and, in the cuttle-fish, is far outweighed by the calea-
reous dorsal plate which still represents the exo-skeleton of the tes-
taceous mollusks. Thus a cartilaginous cranial vertebra co-exists in
the highest Invertebrata with a calcareous dermal skeleton; and
there is no abrupt contrast in passing thence to the consideration of
the skeleton in the Vertebrata.

The exo-skeleton is by no means indeed dispensed with in the Ver-
tebrate series, although the endo-skeleton is constant, and here attains
its full development. In the lowest class, most fishes, for example, pre-
sent an imbrieated outer covering of seales, developed like shells,
between the derm and epiderm : other fishes have hard osseous plates
or spines scattered over their exterior, or are entirely surrounded
by a connected armour of dense enamelled bony seales, as in the
Lepidosteus and the Ostracion, which latter fish offers an instructive
example of the co-existence of an exo- with an endo-skeleton, and
a convineing refutation of the idea of the homology of the annular
segment of the crust of the lobster with a true typical vertebra. In
the sub_]omed diagram, ( ffg. 7.) n is the eartilaginous neural canal;
pl, the membranous pleurapophysial wall of
the abdomen; /& the arterial and wvenous
trunks of the abdomen; dn, dp, dh, the der-
mal ganoid plates. The ossified scutes of the
Crocodiles and the tesselated armour of the
Armadillos are examples of the exo-skeleton
co-existing with a well-developed and ossified
endo-skeleton ; and wherever the exo-skeleton

Segment of endo- and exo-  of a Vertebrate animal is caleified, it presents

skeletons, Ostracion. .

the same organised vascular structure and

vital properties as the bones within. Most commonly the exo-

skeleton of the air-breathing Vertebrata is epidermal, as where it

forms the scales of the serpent or lizard, the large plates of the

turtms{,, the imbricated pointed scales of the manis, the gpines of the

hedthnﬂ, the quills of the porcupine, the feathers uf the bird, or the
hair of the ordinary mammal.
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osseous ; the exo- and splanchno-skeletons may offer also another,
or fourth condition, viz. the albuminous, or epidermal.

The most common tissue of the endo-skeleton of the Vertebrata is
that called “ bone,” and it is peculiar to this primary division of the
Animal Kingdom.

Bone consists of animal, chiefly gelatinous, matter, hardened by a
general but regulated diffusion of earthy molecules ; the proportion
of organic to inorganic matter varies in different classes. Fishes
have the least, Birds the largest proportion of earthy matter; and of
the two, in this respect, intermediate classes, the Mammalia, espe-
eially the active predatory species, have more earth, or harder bones,
than Reptiles. This difference depends chiefly upon the quantity of
fluid, or evaporable matter, in the cells and tubes of the animal basis,
but not wholly, as some have supposed; at least the apparently
exact, certainly most carefully and scientifically conducted experi-
ments of M. Bibra (1v.) on thorovghly dried portions of bone, show
the following differences : —

PROPORTIONS OF EARTHY AND ANIMAL MATTER IN THE BONES OF
VERTEBRATE ANIMATLS.

FISHES.
SALMON,. CART, Con,
Salmo Salar. Cyprinus Carpio, CGadus Morrhue.
Organie - 5062 40°40 34-30
Inorganic - 3938 5960 G570
10000 100400 10000
REPTILES.
Froa. SxAKE, Lizann,
Rana esenlenta. Coluber Natriz. Lacerta agilis.
Organie - 3550 3104 4667
Inorganic - G64-50 G896 53:32
10000 10000 100 -0
MAMMALS.
Dorruix. Ox. WiLn-Car. Man.
Delphinus Bos Taurus,  Felis Catus. Homo.
Delphis, { Femur, ) { Femur, } { Femur, )
, Organie - 3500 a1 00 2797 3103
Inorganic - 64°10 6900 7993 6807
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tion of soluble salts to the less soluble phosphates of lime is greatest
in the fish, and that there is most carbonate of lime in the bones of
the tortoize. The quantity of evaporable fluid is greatest in the
bones of Fishes, especially in those of the semi-osseous sharks and
rays, in the skeletons of which also the salts of soda are in larger
proportion than in the osseous fishes. The animal part of the
shark’s skeleton differs from the glutin of ordinary bones, and from
the ossifiable cartilage of higher animals; it has more analogy
with mucus, requiring 1000 times its weight of boiling water for
its solution ; and this is neither precipitated by infusion of galls, nor
yields any gelatine upon evaporation. In the entirely unossified
gkeleton of the lamprey Bibra found only 1} per cent. of earthy
salts,

How, we may next ask, are the inorganic earthy particles diffused
through the animal basis, and whence are they obtained ? Bones are
not a primitive formation, but the result of a transmutation of pre-
existing tissues. The inorganic salts defined in the foregoing tables
pre-exist in the albumen of the egg, in the milk which nourishes the
new-born mammal, in the plasma or “liguor sanguinis ” of the cireu-
lating fluids.

The blastema or primitive basis of bone is not originally cartilage,
but more resembles muecus in its chemical characters: it appears at
first to be a sub-transparent glairy fluid, but contains a multitude of
minute corpuscles. Its assumption of the eartilaginous character and
consistencyis attended with the appearance in it of numerous small, sub-
elliptic, nucleated cells. As the cartilage hardens, these cells increase in
number and size, and begin to accumulate, and to be arranged in
linear series at the part where ossification is about to commence.
These series in the cartilage of long bones are usually vertical to its
ends, and in flat bones are wvertical to the peripheral edge § i e
they are parallel to the axis of the long bone, and are radiated in the
flat one, but not with mathematical exactness.

The nucleated cells are the instruments by which the earthy par-
ticles are arranged in order; and, in bone, as in tooth, there may
be discerned in this predetermined arrangement, the same relation
to the acquisition of strength and power of resistance, with the
greatest economy of the building material, as in the disposition
of the beams and columns of a work of human architecture. (v.
p. vi.)

The power of the cells so to operate upon the salts of the plasma,
which percolates the intervening tissue, seems to reside chiefly in the
repellent property of their nuclei: I have been led by observation of
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they agree in their main physiological relations with the first class of
Noquez's Lymphatics: and the solid tissues of tooth and bone
manifest under the microscope a system of nutrient vessels, which
were only hypothetically known to the older physiologists. I have
detected a similar system of plasmatic tubes in tendon; and they
probably exist, under characteristic modifications, in all tiaE-uEE-, con=
stituting the essential nutritive system of such.

The remains of the metamorphosed cartilaginous cells in hune
were first discovered by Purkinje and Deuatsch, (viiL), arranged
in concentric series around the Haversian canals: they be-
lieved them to be solid, and called them “corpuscula ossea.” Tre-
viranus (1x.) first described them as cavities or “lacunz,” in the
intervals of the concentric ossified lamellss, and he believed them
to be filled with fluid. Professor Miiller (x.) was led by the
whiteness of the radiated corpuscles when viewed by reflected light,
and by its disappearance, accompanied with evolution of gas, when
acted upon by dilute acid, to regard them as containing, either in
their parietes or cavity, calcareous salts. Serres and Doyere and
others have reproduced the idea of Treviranus, which is true to a
certain extent, but have erred in denying that the radiated cells
contain any ecalcareous salts, and have objected to the term * calci-
gerous” applied to those cells. But the effects of reaction of dilute
acid in removing the opacity of the cell when viewed by transmitted
light, and in removing its whiteness when viewed by reflected light,
show that these optical phenomena are not due to the mere depth of
empty cells: aggregated particles of the earthy salts become depo-
sited after the solution of the resisting nuclear matter upon their
parietes; but the cavities are preserved by the slow but constant
percolation of the plasmatic fluids. Thus bone, like dentine, * pre-
sents a two-fold arrangement of its hardening particles, which are
either blended with the animal matter of the interspaces and parietes
of the tubes and cells, or are contained in a minute and irregular
granular state in their cavities;” and “the density of bone, as of
dentine, arises principally from the proportion of earth in the first of
these states of combination.” (v. p.iii.)

The primitive arrangement of the osseous tissue, so composed, is
lamellar, the lamelle being arranged either coneentrically around the
Haversian canal, or around the entire circumference of the bone, or in
interrupted plates connecting together the Haversian cylinders, and
those with the generally surrounding peripheral lamelle.

+ The Haversian canals usually contain, in addition to the eapillary
vessel, some oil, and this is the seat of the green colour in the hones
of the Belone and Lepidosiren,
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LEphippus, there are no radiated cells ; the dense tissue is traversed
by parallel undulating plasmatic tubes, which here and there present
slight dilatations, divide, and give off minuter tubes which anastomose
in their interspaces. The medullary canals, from which the tube
derive their plasma, are few and large.

Almost endless are the minor modifications of the structure of the
osseous tissue of the Vertebrate animals, chiefly produced by varieties
in size, course, and number of the vascular canals and the radiated
cells and tubes: both vascular canals and radiated cells may be ab-
sent in the portion of bone examined ; but the plasmatic tubes are
always present. In the dermal bone-plates of the sturgeon, they
become, in the dense exterior layer, as minute as in the so-called
enamel of the shark’s teeth.*

The growth of bone presents some modifications in the different
classes of Vertebrate animals.

In Fishes the bones continue to inecrease in dimension almost
throughout life : this is best seen in the eranium, where the periphery
of the bones, both of those which overlap by squamous sutures, and
those which interlock by broad dentated surfaces, is eartilaginous,
and, in the thin bones, sub-transparent. Here the development,
serial arrangement and metamorphoses of the cartilaginous cells, in
other words, the growth of temporary cartilage, are always to be
seen in progress.

The long bones of most Reptiles retain a layer of ossifying cartilage
beneath the terminal articulating cartilage, and growth continues at
their extremities throughout life. Few of the long bones of Birds have
separate terminal pieces or epiphyses : the distal epiphysis of the tibia
is an exception to this rule; but the distinet single piece which forms
the upper end of the ankle-bone in the young bird represents the tarsal
segment, and rests, not on a single diaphysis, but on the still separate
proximal ends of the three metatarsals. In tail-less Batrachians and
in most of the Mammalian class, the ends of the long eylindrical bones,
which support the articular cartilages, are distinet in the growing
bone from the shaft, and are termed “epiphyses,” the shaft being the
“ diaphysis : ¥ the seat of the active growth of the bone is in a carti-
laginous erust at the ends of the diaphysis. When the epiphyses
finally coalesce with the diaphysis, growth in the direction of the
bone’s axis is at an end : but in the Mammalian bones, as in those of
Birds and Reptiles, there is a slower growth going on over the entire
periphery of the bone, which is covered by the periosteum: the

* The work of Bibra (iv.) contains good observations and illustrations of the
comparative mieroscopic anatomy of the osscous tissue in the different classes of
Vertebrata,
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the long bones of Mammalia, takes place chiefly at the cartilaginous
ends beneath the epiphyses. This is proved by boring holes, or intro-
ducing shots, at definite distances in the diaphyses of growing bones,
and examining the perforations a week or a fortnight after the ex-
periments. The interval between the holes next the ends of the
bone is found much increased, whilst that between those nearer the
middle is but little, if at all, changed. All these experiments concur
to prove that the growth of a bone is not by uniform and general
extension, but by accelerated increase at particular parts.

But extension of parts is not the sole process which takes place in
the growth of bone : to adapt the bone to its specific office changes
are wrought in it by the absorption of parts previously formed, espe-
cially in the higher classes of Vertebrata. In fishes we observe a
simple unmodified increase; but in some species, ossification com-
mences at the periphery of the animal mould or basis, and is always
limited to a thin outer crust of the bone, the rest remaining carti-
laginous or gelatinous. In some of the higher cartilaginous fishes,
for example, an osseous crust is formed upon the periphery of certain
eartilages, in the form of prisms, which contain oval ecalcigerous cells,
but without conspicuous radiated tubes. Such bones in a dried or
fossil state seem to have had large internal or medullary cavities ; but
they were filled by the unossified animal basis. To whatever extent
the bone of a fish is originally ossified, such it remains, and con-
sequently most of the bones of fishes are solid or spongy in their
interior.

The bones of the Chelonia are likewise solid ; a coarse diploé fills
the interior of the long bones of the extremities; and we find a
similar structure in the bones of the Cetacea and of the Seal tribe.
Among terrestrial mammals the inactive Sloths and their great
extinct congeners, the Megatherium and Mylodon (xm. p. 83.),
have the long bones of the extremities solid; whilst the agile Ru-
minant shows each diaphysis in the condition of the hollow column,
both the strength and lightness of the bones being increased by the
progressive absorption of the first-formed substance, as new bone is de-
pogited from withont. The condition which is illustrated by this section
of the femur of the Nilghau (Prep. 856 ¢), is common, in fact, to the
long bones of all land mammals, except the Tardigrades above specified.
The Saurian and most of the Batrachian reptiles have likewise the
cavity in each long bone, called * medullary,” from its containing a
cellular tissue filled by a fine, light, oily matter or marrow, Even
the ribs of the large Ophidians have their medullary cavities: and
the bodies of the vertebrie of some lizards and of the great exiinet

Poikilopleuron are similarly excavated. The medullary cavities of the
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forms one great air-cell, with thin bony parietes; and in this bird, in
the Swifts, and the Humming-birds, every bone of the skeleton, down
to the phalanges of the claws, is pneumatic.

The extent to which the skeleton is permeated by air, varies in
different birds, in relation chiefly to their different kinds and powers
of flight. The opposite extreme to the Swift is met with in the
terrestrial Apteryx and aquatic Penguin, in which not any bone of the
skeleton receives air.

In the mammalian class the air-cells of bone are confined to the
head, and are filled from the nasal or tympanic cavities, never from
the lungs. The frontal, sphencidal, and maxillary sinuses, and the
mastoid cells, are examples of pneumatic bones in the human subject.
The frontal sinuses extend backwards over the ealvarium in most
Ruminants, and penetrate the cores of the horns in oxen, sheep, and
a few antilopes.

The whole diploé of the upper, back, and side walls of the eranium
was inflated, as it were, with air in the great extinet Sloths; the
outer table was raised considerably above the vitreous, and the brain
thus seemingly defended by a double skull; the advantage of which
modification to these leaf-devouring animals, in the event of blows
from the falling trees which they uprooted, is well displayed in the
healed fractures of the skull of the Mylodon, in the museum of the
College (xir. p. 157.). The outer table of the entire epiecranium is
similarly raised above the inner one by intervening large air-cells,
and their sinuous septa, in the Giraffe; the short horns are solid, but
are sustained by the vaulted roof of the skull; and, as the animal
can deal heavy blows with these simple weapons, the concussion is
diminished by the interposition of these air-chambers between the
outer table and the immediate covering of the brain.

The most remarkable development of air-cells in the mammalian
class is, however, presented by the Elephant; the intellectual phy-
siognomy of this great Pachyderm being caused, as in the Owl, not
by actual capacity of the brain-case, but by the enormous extent of
the pneumatic cellular diploé between the two tables of the skull.

In each of these modifications the vacuities of the osseous tissue,
whether mere cancelli as in the Tortoise, or small medullary cavities
as in the Crocodile, or larger medullary cavities as in Mammals, or
pneumatic cavities and sinuses, are the result of secondary changes
by absorption, and not of the primitive constitution of the bones.
These are in all air-breathing animals solid at their first commence-
ment, and the vacuities are formed by the removal of osseous matter

previously formed, whilst fresh bone is added to the exterior surface.
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individuality in the ordinary mammalian and human skull. TIn many
Mammalia we find the pterygoid processes of anthropotomy per-
manently distinet bones; even in Birds, where the progress of ossific
confluence is so general and rapid, the pterygoids and tympanics,
which are subordinate processes in Man, are always independent
bones.

In many Mammalia the styloid, the auditory, the petrous, and the
mastoid processes remain distinet from the squamous or main part of
the temporal, throughout life ; and some of these c¢laim the more to be
regarded as distinet bones, since they obviously belong to different
natural groups of bones in the skeleton ; as the styloid process, for
example, to the series of bones forming the hyoidean arch.

The artificial character of that view of the os sacrum, in which this
obviously more or less confluent congeries of modified vertebra is
counted as a single component bone of the skeleton, is sufficiently
obvious. The os innominatum is represented throughout life in most
reptiles by three distinet bones, answering to the iliag, ischial, and
pubic portions in anthropotomy. The sternum in most quadrupeds
conzists of one more bone than the number of pairs of ribs which join
it ; thus it includes as many as thirteen distinct bones in the Bradypus
didaciylus.

The arbitrary character of the above cited definition of a bone,
and the essentially complex nature of many of the single bones and
independency of the processes of bone in anthropotomy, are tabght
by anatomy, properly so called, which reveals the true natural groups
of bones, and the modifications of these which peculiarly characterise
the human subject.

It will oceur to those who have studied human osteogeny, that
the parts of the single bones of anthropotomy which have been
adduced as continuing permanently distinct in lower animals, are
originally distinct in the human feetus: the occipital bone, for
example, is ossified from four separate centres; the pterygoid pro-
cesses have distinet centres of ossification; the styloid, and the
mastoid processes, and the tympanic ring, are separate parts in the
foetus. The constituent vertebra of the sacrum remain longer dis-
tinet ; and the ilium, ischinm, and pubes are still later in anchy-
losing together, to form the ‘nameless bone,’

These and the like correspondencies between the points of ossifica-
tion of the human fwetal skeleton, and the separate bones of the adult
skeletons of inferior animals, are pregnant with interest, and rank
‘among the most striking illustrations of unity of plan in the verte-
brate organisation.

Cuvier, commenting on the arbitrary character of some of the
Ilﬁ
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prevails, and the extremities of the humeri and femora long remain
epiphyses in the frog.

A final purpose is no doubt, also, subserved in most of the separate
centres of ossification which relate homologically to permanently dis-
tinct bones in the general vertebrate series; it has long been re-
cognised in relation to facilitating birth in the human feetus; but
some facts will oceur to the human osteogenist, of which no teleolo-
gical explanation can be given.

One sees not, for example, why the process of the scapula which
gives attachment to the pectoralis minor, the coraco-brachialis, and
the short head of the biceps should not be developed by continuous
ossification from the body of the blade-bone, like that which forms
the spinous process of the same bone. It is a well-known fact, how-
ever, that not only in Man, but in all Mammalia, the coracoid process
is ossified from a separate centre. In the Monotremes it is not only a
distinet, but is as large a bone as in Birds and Reptiles, in which
it continues a distinct bone throughout life. Here, then, we have
the homological, without a teleological explanation of the separate
centre for the coracoid process in the ossification of the human blade-
bone.

This distinetion in the nature and relations of such eentres, which
is indispensable in the right application of the facts of osteogeny to
the determination of the number of essentially distinet bones in any
given skeleton, has never been considered, so far as I know, in that
application. Some homologists (11. xiv.) have gone beyond Cuvier,
and still more beyond nature, in arguing the number of individual
bones, as indicated by the number of separate centres of ossification
in the embryo, to be the same in all vertebrate animals ; and that they
afterwards differed, or seemed to differ, only by reason of the greater
or less rapidity or extent of the confluence of those ossific centres or
essentially distinct bones.

This primitive conformity of separate osseous pieces in the verte-
brate series holds good, however, only in regard to the separate
centres of ossification of those bones of higher animals which have
homological relations to the permanently distinet bones of lower spe-
cies ; it by no means applies to those which have merely teleological
relations to the species in which they exist.

But, besides the epiphyses of the long bones of Mammalia, which
enter into the latter category, and cannot, therefore, be properly
viewed in the light of distinct bones; what are we to say to the

"intercalated, inconstant “ossa wormiana,” or to the ossified tendons

of birds, or to those developed in the tendons of the vertebral muscles
of the musk-deer? Are these to be reckoned equally distinet and in-
n 4
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tomy) is said to be the centrum or body of the occipital or posterior
cranial vertebra, its general homology is enunciated, When it is said
to repeat in its vertebra, or to answer to the basi-sphenoid in the parie-
tal vertebra, or to the body or centrum in the atlas, dentata, or any other
of the vertebral segments of the skeleton, its serial homology is indi-
cated : when the eszential correspondence of the basilar process of the
occipital bone in Man with the distinet bone called * basi-oceipital ”
in a Crocodile or Fish is shown, its special homology is determined.

LECTURE III.

THE VERTEERA, AND VERTEBEAL COLUMN IN FISHES.

To understand the fundamental type of the vertebrate skeleton its
study must be commenced, net in the highest species, — not in that
gkeleton where irrelative repetition is least, and where modification
of each part in mutual subserviency to another is greatest, — but in
the lowest Class where, conformably with the law enunciated in the
previous Course *, vegetative uniformity most prevails, and the pri-
mitive type is least obseured by teleological adaptations.

Such conditions are best displayed in the skeletons of fishes : fishes
form, however, but one branch of the vertebrate stem, which, like
other primary branches, ramifies in diverging from the common
trunk. We should miss our aim, therefore, and be led astray from
the detection of the true general type of the vertebrate skeleton,
were we to confine our observations to fishes only. A comparison of
their skeletons with those of the higher classes teaches that the na-
tural arrangements of the parts of the endo-skeleton in Vertebrata,
like that of the exo-skeleton in Articulata, is in a series of segments
succeeding each other in the axis of the body. I do not find these
successive segments compoged of precisely the same number of bones
in all Vertebrata ; rarely, indeed, in the same animal. Yet certain
constituent parts of each segment do preserve such constaney in their
existence, relative position, and offices throughout the body, as to
enforce a conviction that they are homologous parts, both in the con-
secutive series of the same individual skeleton, and throughout the
‘entire series of vertebrate animals,

* Lectures on Invertebrata, Svo. 1843, p. 364,
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These, being usually developed from distinet and independent
centres, I have termed “auntogenous” elements (xx. p. 518.). Other
parts, more properly called processes, which shoot out as continu-
ations from some of the preceding elements, are termed “ exogenous:”
e.g. (¢) the diapophyses, or upper “ transverse processes,” * and (z)
the zygapophyses, or the “oblique” or *articular processes”t of
human anatomy.

The autogenons processes generally circumseribe holes about the
centrum, which, in the chain of vertebrs, form canals. The
most constant and extensive canal is that (fig. 8. n){ formed
above the centrum, for the lodgment of the trunk of the ner-
vous system (neural axis) by the parts thence termed * neurapo-
physes.” The second canal ( fig. 8. k)11, below the centrum, is in its
entire extent more irregular and interrupted; it lodges the central
organ and large trunks of the vascular system (hemal axis), and is
usually formed by the lamins, thence termed * hemapophyses.” At
the sides of the centrum, most commonly in the cervical region, a
canal ( fig.9. v) is circumscribed by the pleurapophysis or costal
process (ib. pl); and by the diapophysis or upper transverse process
(ib. ¢), which canal includes a vessel, and often also a nerve.

Thus a typical or perfect vertebra, with all its elements, presents
four canals or perforations about a common centre ; such a vertebra
we find in the thorax of man, and most of the higher classes of Ver-
tebrata (fig. 6.), also in the neck of many birds. In the example
from the latter class (fig. 9.), the hemapophyses (4, s) are anchy-

transversi vertebre ; Querforsatz, Carus; Unfere Querforsatz, Germ. ; Apophyse trans-
verse, Cuv, ; Paraal, Geof, ; Para-verfebral elements, Grant.

§ Gr. j:ll!eum, a rib; and upﬂp.n'.t_:;.r.tfs, S:,'n, Processus fransversus vertelra cervicalis,
Costa seu, pars verfebralis, senw ossea, costm.  Ruckeniheil and Ober-sternal-theil des
Urwirbelbogens, Carus; Cotes vertébrales, Cuv. ; Paraal, Geof, ; Cata-vertebral ele-
mends, Grant.

Il By Syncope for hematoapophyses, from Gr. haima, blood; and apophysis.
Syn. Cartilago coste, sew pars sternalis costae : in the abdomen, inscriptiones tendines
musenli recti ; Unier-slernal-theil des Urwivbelbogens, Carus; Bogenstiicke des Bauck-
wirbel, Carus; Uniere Wirbelbogen, Ger, ; Cdfes sternalps, Cuv. ; Os ployé en chevron,
Cuv. ; Cataal, Geof. ; Cala-veriebral elements, Grant.

Y Syn. Processus spinosus verfebre.  Its base is the Oberer Tertior-wirbel, Carus ;
its apex is the Oberer Dorn-forsatz, Carus; Apophyse épinense, Cuv. ; Epial, Geof. ;
Epi-vertebral elements, Grant

** Syn. Ossa sterni ef processus ensiformis ; in the abdomen, * linea alba.” Sternal-
trirhel Kirper, Carus ; Unterer Dorn-forsatz, Carus,

pa————

* Diapophysis, from Gr. dia, trans, across; and apophysis. Syn. Radix posticus
processus transversi vertebrer, and processus transversus. Queforsatz, Carus; Obere
‘Guerforsatz, Germ, ; Apophyse transverse, Cuv.

T Zygapophysis, from Gr. zugos, junction ; and apophysis. Syn. Processus obliquus
vertelre ; Seitlicher Terfiar-wirbel, Carus; Gelenk-forsatz, Germ, ; Apophuse arficu-
laire, Cuvier,

b Hluckenmarks-fkanal, Carus, it Aortenkanal, Carus.
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eranial nerves ; and they undergo, in their neural arches, as extreme
modifications as we perceive in the haxmal portions of those vertebra
that protect the great centres of the vascular system. We may
learn how much the development of the neurapophyses and vertebral
bodies depends, in the trunk, upon the conjunction of nerves with the
spinal chord, by the fact that, in the regenerated tails of lizards, the
vertebral axis remains continuous and unjointed, because there is no
co-extensive spinal chord giving off pairs of nerves.

An extremely delicate fibrous band, with successively accumulated
gelatinous cells, compacted in the form of a eylindrical column, and
inclosed by a membranous sheath, is the primitive basis, called
*chorda dorsalis, in and around which are developed the cartila-
ginous or osseous elements, by which the vertebral column is estab-
lished in every class of Myelencephala (1. p. 340.).

The earlier stages of vertebral development are permanently re-
presented, with individual peculiarities superinduced, in the lower
forms of the class of fishes. In the anencephalous Lancelet (Bran-
chiostoma) the lowest of all, the entire vertebral column consists of
the gelatino-cellular chord and its membranous sheath. In the
Lamprey cartilaginous arches and spines are added above the chorda
dorsalis, in the membranous wall of the neural canal, and in the tail,
also beneath it. 1In the Sturgeon and Chimara, the bases of the
cartilaginous arches inclose the ¢ chorda.” In the Lepidosiren the
neural and hmemal arches and their spines are ossified, but the
centrums are still confluent as a dorsal membrano-gelatinous chord.
In many Sharks and Rays the °chorda’ is encroached upon by
osseous or cartilaginous convergent lamine, and by concentric,
successively shorter, centripetally developed cylinders, and is thus
reduced to a string of gelatinous beads, each bead occupying
the interspace between the opposed concave surfaces of the ver-
tebral bodies. This moniliform state of the chorda dorsalis is
persistent in most osseous fishes, the biconcave bodies of the ver-
tebre being perforated in the centre ; whilst, in some other osseous
fishes, the gelatinous biconical segments of the ¢ chorda’ are insulated
by the completed centripetal progress of ossification ; and in one ex-
ception ( Lepidosteus), they are converted into osseous balls, fixed to
the fore part of each vertebral body, which plays in the concavity or
cup of the next vertebra in advance.

The neural and hmemal arches and spines are bony in all osseous
fishes; and in all fishes chondrification and ossification of the ver-
tebral column commences in these arches. In reptiles, birds, and
mammals, the vertebrae are bony throughout.

Development diverges from the membrano-gelatinous stage, so as
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eartilacinous fishes of Cuvier, except the Sturgeons and Chimers
( Sturioniens). It is as necessary, however, for the expression of
general anatomical propositions, to separate the Dermopteri from the
Placoidei of Agassiz as from the Chondropterygii of Cuvier; and
it is with this restriction that the Placoids will be referred to
in these Lectures, as answering namely to the Plagiostomes of
Cuvier.

The Ganoid fishes are defended by plates or scales covered with a
thick coat of enamel; some of considerable dimensions and irregular
form, as in the Sturgeon ; more commonly angular and imbricated, as
in the Bony Pike ( Lepidostens). Most of the species and genera of
this order have become extinet. The recent species included in it
by Agassiz differ materially in their anatomical characters.

The Ctenoid fishes have scales formed of lamina of horn, or of un-
enamelled bone, with the posterior margin pectinated, like a comb;
e. ., the Perch, and most of the Acanthopterygii of Cuvier.

The Cyeloid fishes have their scales composed of lamin® of horn
or unenamelled bone, of a rounded form, with smooth and simple
margins. The Carp, the Salmon, the Herring, and many other Ma-
lacopteryqgii of Cuvier, are examples of this order.

Linnzus divided the bony fishes into the orders Jugulares, Tho-
racici, Abdominales, and Apodes, according to the position or the
absence of the ventral fins. Cuvier divided the bony fishes, ae-
cording to the structure of the fins, into Acanthopterygii and
Malacopterygii. Not many general anatomieal propositions, how-
ever, can be expressed with regard to these orders. A more natu-
ral arrangement has been founded upon a consideration of both
external and internal anatomical characters by Prof. J. Miiller
(xxv.), which, with some modifications, I here adopt ; arranging the
class of Fishes, as follows, in the ascending series : —

Crassis PISCES.
Ordo I. DERMOFTERI.

Endo-skeleton wunossified ; exo-skeleton and vertical fins muco-

dermoid ; vermiform, or abrachial and apodal ; no pancreas; no air-
bladder.

Suborder I. Praryycorraxcnri, sen Cirvhostomi,

Gills free, pharyngeal, inoperculate ; no heart.

Fam, Amphiovide. Example *, Lancelet.

* These are cited under their common English names, where such exists.
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Returning, then, to what may be called the high road of vertebral
development, we find in the Sturgeons ( Sturio, Polyodon), that the
inner layer of the fibrous capsule of the gelatinous ¢ chorda’ has in-
creased in thickness, and assumed the texture of tough hyaline car-
tilage. In the outer layer are developed distinet, firm, and opaque
cartilages, the neurapophyses, which, in the young sturgeon ( fig. 12.),
are two superimposed pieces on each side, the basal portion bounding
the neural canal, the apical portion the parallel canal filled by fibrous
elastic ligament and adipose tissue®; above this is the single car-
tilaginous neural spine. The parapophyses are now distinetly de-
veloped, and joined together by a continuous expanded base, forming
an inverted arch beneath the ¢ chorda’ for the vaseular trunks, even in

£ 12 1 Nenral spine.
!
Fibro-adipose
canal. -~—-ff }===- Weurapuphysis.
Neural canal _ Internenral cartilage.

‘Parapopliysis.

Tuner layer=
- Interhmmal cartilage.

of fibrons capsule
as hyaline cartilage,
Hamal canal.

Abdominal vertebra, Sourgeon.

the abdomen. Short and simple pleurapophyses are articulated by
liganment to the ends of the laterally projecting parapophyses in the
first twelve or twenty abdominal vertebra; the parapophyses them-
selves gradually disappear, or bend down to form hamal arches in the
tail, at the end of which we find hmmal cartilaginous spines cor-
responding to the neural spines above. The first five or six neural
arches are confluent with each other in the sturgeon, and, with the
parapophyses, enclose the fore part of the °chorda’ in a firm, con-
tinuous, cartilaginous sheath, perforated for the exit of the nerves.
The tapering anterior end of the ‘chorda’ is continued forwards
into the basal elements of the eranial vertebrae.

Vegetative repetition of perivertebral parts not only manifests
itself in the double neurapophysiz on each gide, but in a small
accessary (interneural) cartilage, at the fore and back part of the
base of the neurapophysis ; and by a similar (interha:mal) one at the
fore and back part of most of the parapophyses. The peripheral
eartilages are more feebly developed in the Polyodon. t

* Ilong ago pointed out, in a preparation of Hunter's { No. 234.), the * space above
the canal of the spinal ehord formed by the divarieation of the cartilaginous picees
which constitute the support of the spinous processes of the vertebrae,  This is !:!lm'
by fibro-cartilaginous substance, conneeting the processes in question.” (xx. vol, 1.)

t Cuvier, Mémoires du Muséum, tom. i. 1815, p. 130,
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tebral biconical spaces.* The rest of the centrum is strengthened by
a beautiful arrangement of osseous plates, with intervening layers
Four sub-compressed comical cavities ex-
tend, two from the bases of the neura-
pophyses (n, n), and two from those of the
parapophyses (p, p) towards the centre of
the vertebral body, contracting as they pe-
| netrate it. These cavities always remain
filled by a clear cartilage : the central two-
thirds of the vertebral body contain con-
centric and minutely perforated rings or
cylinders of bone, interrupted by the four

centrum of Seleche mazima.  depressions: the peripheral third contains
longitudinal bony lamine, which radiate, perpendicularly to the
plane of the outermost eylinder, toward the periphery of the ver-
tebra: these outer lamine lie, therefore, parallel with the axis of
the vertebra, and the intervening fissures, like those between the
concentric eylinders within, are filled by clear ecartilage, which shrinks
and leaves them open in the dry vertebra. There is a transition from
the cylindrical to the longitudinal lamellar structure; the outer
eylinder being broken up, and sending out proecesses which join the
irregular inner edges of the outer lamellw.

There are few examples in the animal economy in which the
smallest possible quantity of earthy matter is arranged according to
such beautiful and clearly manifested mechanical principles, for
affording the greatest amount of strength, and that degree of resistance
which the necessarily light, semi-ossified vertebra of a gigantic Shark,
maintaining itself near the surface by muscular exertion, without
help from a swim-bladder, must have to sustain during the vigorous
inflexions of the vertebral column, producing the violent compressions
of their interposed elastic balls,

I have been induced to enter into the details of the condition of
the vertebra of the Selache, both on aceount of the large scale on which
the beautiful structure is shown, and because of the meagre notice of it
in Home's ¢ Anatomy of the Basking Shark ( Squalus mavimust),” of
which John Miiller justly complains. DMiiller’s inference that the
vertebree of Selache resemble those of Lamna is correct: but in
Lamna cornubica the outer longitudinal plates are fewer, and are
bent so as to intercept long elliptical spaces filled with cartilage.

* Mr. Clift found, on piercing the capsule with a knife, that the contained fluid
was spirted out to a considerable distance, by the contraction or recoil of the tensely
filled elastie bag. See Prep. Nos. 237 4. and 237 n. and xx. vel. i. 1R32,

t Phil. Trans. 1809, p. 177,
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ternally a thin layer of hyaline cartilage, internally a thin layer of
bone, and, between these, two alternate layers of semi-osscous and
hyaline cartilages.

In the flat Plagiostomes (Skates, Rays, Torpedos) vegetative re-
petition manifests itself still more strongly in the multiplication of
vertebra, and especially of the central elements ; which, as indicated
by their rudimentary primary ossification in Chimera and Heptan-
chus, are commonly more numerous than the more constant neural
arches ; nor are interneural and interhamal pieces altogether wanting
in the Rays. Miiller (xx1. p.92.) rightly states that in Faia cla-
vata these ossa intercalaria constitute the chief part of the neural
arch, at the anterior part of the vertebral column ; whilst the neura-
pophyses resume their ordinary share in its formation at the posterior
part of the column. In the Zygena we perceive, also, interspinal
cartilages. In Rhinobatus a single spine answers to two vertebral
bodies (xxr. p. 93.), and we may well supposge this multiplication of
central pieces to have been earried still farther in the primaeval fossil
Ray ( Spinachorhinus) from the Dorsetshire Lias. *

In the anchylosed cervical vertebre of the Skate the short cen-
trums are indicated by transverse bars along the middle of the under
part. The parapophyses in most Rays pass forwards, and are then bent
backwards, the angle of one fitting, like an articular process, into the
noteh of the parapophysis in advance: they do not support pleura-
pophyses ; they gradually bend down behind the pelvie arch, and
complete the haemal canal about six vertebra beyond it; the hmmal
gpines become flattened in the tail of some Rays.

In the ‘Pisces ossei’ of the Cuvierian system, which include
the great majority and typical members of the class, it might be ex-
pected that ossification, of the vertebral axis at least, would be a
constant condition: yet I have already had occasion to allude to a
fish, viz. Lepidosiren, in which the embryonic state of the bodies of
the vertebrs, as a continuous chondro-gelatinous chord, remains;
although the neur- and par-apophyses, many cranial bones, and the
maxillary, mandibular, hyoidean and scapular arches, are well ossi-
fied. The fact of many fossil Ganoid fishes showing the same parts
of the skeleton petrified and undisturbed, but without a trace of the
central elements of the vertebrm, shows that the transitional condition
of the Lepidosiren’s skeleton was not uncommon in the primmval

Squaloraia of Riley and Stutchbury (Geol. Trans. 2d ser. vol., v. p. 83. pl. 4.),
wegarded as a fossil reptile by Dr. Grant ( Lectures, Lancet, Jan. 1834, p. 576.) :
170 vertebral bodies are included in the abdominal part of the column ; and the
part extending beyond the pelvie arch, if equal to that in most Rays, probably dlidd
not eontain less than four times the above number of abdominal vertela,
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to which are added in the abdominal region of most fishes two pleura-
pophyses ( pl), or vertebral floating ribs.

Ossification commences in the bases of the two neurapophyses and
the two parapophyses, and in the terminal concave plates of the cen-
trum ; the intermediate part of the centrum is sometimes completely
ossified, when it is filled by a coarse cancellous texture. More com-
monly a communicating aperture is left between the two terminal
concavities, (as indicated by the dotted line in ffg. 16.); and, in many
cases, the plates by which calcification attains the periphery of the
body leave interspaces permanently occupied by cartilage, forming
cavities in the dried vertebrm, especially at their under part, or giving
a reticulate surface to the sides of the centrum. The expanded bases
of the neur- and par-apophyses usually soon become confluent with the
bony centrum : sometimes first expanding so as wholly to enclose it,
as, for example, in the Tunny, where the line of demarcation may
always be seen at the border of the articular coneavity, though it be
quite obliterated at the centre, as a section through that part demon-
strates.

In the Pike the neurapophyses seldom, in the Polypterus never,
coalesce with the centrum: the letter s shows the neurapophysial suture
in fig. 17. In the Salmonide the parapophyses remain, for some time,
distinet from the body of the vertebra as well as from the ribs, Inthe
anterior vertebrae of the Carp the neurapophyses remain distinet, as
they do in the atlas of many other fishes, and a suture is observable
between the parapophyses and centrum in embryo Cyprinoids.® In each
vertebra the summits of the two neurapophyses usually become an-
chylosed together, and to their spine; butin the Lepidosiren ( fig. 27.)
the spine retains its character as a distinct element, and is always at-
tached by ligament to the tops of the neunrapophyses, as it is in the
Sturgeon ( fig. 12.). In the anterior abdominal vertebra of the Tetro-
don, each of the neurapophyses, though they coalesce in the interspace
of the two spines to form the roof of the neural canal, sends up its
own broad truncated spine, and these are not, as might at first sight
be supposed, enormously developed oblique processes, for they gra-
dually approximate and blend together, to form the single normal
gpine at the sixth abdominal vertebra : in the Barbel the neural
arches also support two spines, but one is placed behind the other.

The intevspaces of the neural arches are occupied by a fibrous
aponeurosis — the remains of the primitive essential covering of the
neural axis: but in most fishes the arches are additionally con-
nected together by articular or oblique processes (zygapophyses),
which are developed from the base of each neurapophysis ; sometimes

* First noticed by Von Baer,
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these in the abdominal region are lateral, usually
stand out and support ribs; but in the caudal region
they bend down and coalesce at their extremities.
The caudal vertebre of some flat-fishes ( Plewronectide,
Jig. 20.), the Polypterus and the Muraenz, would seem
to disprove this homology of the hemal arches, since
transverse processes from the sides of the body co-
exist with them, as they do in the Cetacea. Dut, if
we trace the vertebral modifications throughout the
entire column in any of these fishes, we shall find
that the hemal arches are actually parts of the trans-
verse processes; not independent elements, as in the
Cetacea ; but due to a progressive bifurcation: this,
in Murena Helena, for example, begins at the end
of the transverse processes of about the twenty-fifth
vertebra, the forks diverging as the fissure deepens,
until, at about the seventy-third, the lower fork de-
scends at a right angle to the upper one (which re-
mains to represent the transverse process), and, meeting
its fellow, forms the hmmal arch, and supports the
antero-posteriorly expanded haemal spine. In the Plaice
a small process is given off from the expanded base
of the descending parapophysis of the first caundal ver-
tebra, which inereases in length in the second, rises
upon the side of the body in the third, becomes dis-
tinct from the parapophysis in the fourth, and gra-
dually diminishes to the ninth or tenth caudal vertebra,
when it disappears. These false transverse processes
never support ribs.

The atlas may usually be distinguished by some
slight modification of the anterior articular end of the
body, by the persistent suture of the neural arch, or
by the absence or detachment of its pleurapophyses :
but none of these characters are constant. Peculiar
processes are sometimes sent off from the under part
of the centrum : two very long and strong processes
from this part are articulated with the basi-occipital
in the great Sudis (Arapaima gigas). The second
vertebra is never characterized by an odontoid pro-
cess; but the absence of this is not to be accounted

* Compare this figure with nature, and with the figures of a corresponding ver-
tebra in 1. pl. 5., and in xxvun p. 58. The names assigned by Geoffroy St. Hilaire
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of fishes contained in the ¢ Legons d’Anatomie Comparée,” * counts
the anchylosed vertebra of the caudal fin as one, and o assigns seven-
teen vertebree to the Sun-fish. I find but sixteen according
to the vertebral centres, eight abdominal, and eight caudal :
but if we count the neural spines, we have then twelve
caudal vertebre; the spines of the last five being driven, as
it were, by the extreme contraction of their anchylosed
bodies, to rest their bases upon the back part of the seventh
[ or last upright neural spine. In the Conger there are 162
| vertebrae, in the Ophidium 204, and in the Gymnotus 236
vertebrae ; but even this number is surpassed by some of the
plagiostomous fishes. Nor are the extremities of the ver-
tebral column the only regions where anchylosis of the ver-
tebrs takes place. Hunter had preserved this specimen of
confluence of the first two vertebrae of the post-abdominal
N or caudal region in a large flat-fish (probably Rhombus,
{|1 fig. 22.), forming a true sacrum. In the Halibut (Hippo-
1|! glossus) the parapophyses of the corresponding vertebra,
1|l with those of the last abdominal, are similarly united,
1!l though the bodies remain distinet. In Loricaria both the
4 upper and lower arches of a considerable part of the caudal
|| rezion are blended together into an inflexible sacrum; but,
as a general rule, there exists no such impediment to the
¥ lateral inflections of the tail in the present class,
; Although the vertebrs maintain a considerable sameness
b of form in the same fish, they vary much in different
=| species. The bodies are commonly subeylindrical; as deep,
=152 but not so Lroad, as they are long ; more or less constricted
y in the middle, in some to such a degree as to present an
\'# hour-glass fizure. In the Spinachorhinus they are extremely
short ; in the Fistularia extremely long; in the Tetrodon
they are much compressed ; in the Platycephalus they are
Anchylosed MoTE dEpreased in the tail of the Tunny the entire ver-

anterior

cﬂ:;m ver- tebra is cubical, with the ends hollowed as usual, but the

mmmﬁgfa four other=sides flat, the upper and lower ones being formed,
in the connected series, by the neural and hmmal arches of
the vertebra in advance, flattened down and, as it were, pressed
into cavities on the upper and under surfaces, of the centrum of the
next vertebra ; so that the series is naturally locked together in the
dried skeleton; and these arches cover not the neural and hemal
canals of their own, but of the succeeding, centrum.

'The principle of vegetative repetition is manifested, in osseous

* Ed. 1836, tom. i. p. 229,
YOL, 1L P

B TR







VERTEBRAL COLUMN OF FISHES, 67

(Plaice, Sole, &e., fig. 20.), and in some parts of the vertebral column
of the Deep-fish, as the Dory, the Chetodon, the Sun-fish, &e. But
whatever modifications these dermal and intercalary spines present
above, the same are usually repeated below, in connection with the
haemal arches and spines, for the support of the anal fin: and just as
in the framework of the dorsal fin we find interneural spines and der-
monenral spines, so in that of the anal fin we recognise interhmmal
spines ( fig. 19. ik), and dermohmmal spines (ib. dh), with the, some-
times, expanded base from which they diverge. DBoth interneural
and interhzmal spines are, in the osseous fishes, commonly shaped like
little daggers, plunged in the flesh up to the hilt, which is represented
by the part to which the true fin-ray (dermoneural or dermohamal
spine) is attached. These parts of the dermal skeleton, developed in
the primitive continuous fold of skin which forms the groundwork of
the vertical fins in the embryo fish, manifest the vegetative character,
which is the usual concomitant of peripheral position, by the partial
spontaneous fission which each ray has undergone in the progress of
its development ; thiz is shown by the longitudinal raphé or suture
along which each dermal spine or ray may commonly be divided
into two lateral moieties. The framework of the caudal fin is
composed of the same intercalary and dermal spines, superadded
to the proper neural and hmmal spines, of those caudal vertebrm
which have coalesced and been shortened by absorption, in the pro-
gress of embryonic development, to form the base of the terminal fin
(fig. 18, 19. ¢, dn, di).

In the Sharks and Sturgeons this fin is not symmetrical as in most
osseous fishes, but is formed chiefly by the hemal spines and their
intercalary and dermal spinous appendages; the progressively de-
creasing bodies of the caudal vertebrae are continued along the upper
border or lobe of the fin, sending off short neural spinous pro-
cesses to increase the height of that border.

M. Agassiz calls those fishes in whiech, from the peculiar development
of the lower lobe of the caudal fin, the vertebra seem to be prolonged
into the upper lobe, * heterocercal ;" and those with the lobes of the
candal fin equal or symmetrical, he calls * homocercal.,” The pre-
ponderance of heterocereal fishes in the seas of the ancient geologieal
epochs of our planet is very remarkable: the prolongation of the
superior lobe characterises every fossil fish of the strata anterior to,
and including, the Magnesian limestone. The homocercal fishes
firat appear above that formation, and gradually predominate, until,
as in the present period, the heterocercal bony fishes are almost li-
‘mited to a single ganoid genus, e. g. Lepidosteus.

The shape, size, and number of the median azygous dorsal and

¥ 2






Lol g

VERTEBRAL COLUMN OF FISHES. 69

from their terminal position ; they are almost always bifurcated, or
dichotomously subdivided, as the effect of the continued spontaneous
fission of their embryonic elements, or of the activity of the vege-
tative force of irrelative repetition. This part is accordingly subject
to monstrosity by excess, as is manifested by the double and triple
tails of Gold-fish in confinement, where nutriment is not expended
by the due action of musecular force. The singular sucking-apparatus
upon the head of the Remorais an assemblage of peculiarly modified
and connected dermal spines. The more common modification is the
excessive development of one or more of the dermal spines, to form
peculiar weapons of defence.

The Chimere, the Cestracions, and the Piked Dog-fish, show
such a stout bony spine, sometimes, as in the last-named shark,
sheathed with horn, at the front border of each dorsal fin, which it
also serves to strengthen. The Fire-flavres ( Trygon) and Eagle Rays
( Myliobates) have one or more strong, detached, barbed or serrated
spines, on the upper part of the tail. Agassiz has pointed out the close
resemblance of the microscopie structure of the bone of these spines
and the dentine of the teeth of the same kind of fishes : they are both
hardened by an outer layer of modified dentine, but as hard as
enamel. Many large fossil spines, called in Palmontology ¢ Ich-
thyodorulites,” have been determined by their form and structure to
have belonged to extinct cartilaginous fishes, allied to the above-cited
existing genera, of which they are sometimes the sole indications
left by the wreck of former worlds. Amongst bony fishes, the
Siluroids (Sheat-fish) and Balistes (File-fish) are most remarkable for
these dermal weapons. In our rare Balistes capriscus the anterior
dorsal is sustained by three such spines; the first much the strongest,
and the second subservient to the use of the first as a weapon,
rather than for the support of the fin. The firstspine is articulated
by a very remarkable joint to the broad interneural osseous plate:
its base is expanded and perforated, and a bony bolt passes freely
through the ring. When this spine is raised, a depression at the
back part of itz base receives a corresponding projection {rom the
contiguous base of the second ray, which fixes it like the hammer of
the gun-lock at full-cock, and it cannot be forced down till the small
spine has been depressed, as by pulling the trigger : it is then re-
ceived into a groove on the supporting plate, and offers no impedi-
ment to the progress of the fish through the water. The name of the
genus (Balistes) and the common Italian name of the species in
question (Pesce balestra) refer to this structure : the spine of the

» Balistes is also roughened with ganoid or enamel grains like a file,

whence our English name for it, ¢ File-fish,” The margins of the ana-
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therefore, may be said to be composed of the primitive continuous
fibro-gelatinous basis of the vertebral bodies, and of the membrane
which is represented by our ‘dura mater,’ without the superaddition
of cartilaginous or osseous coverings.

But if we were to limit our view of the skull of the Branchiostoma
by this primitive embryonic condition of the eranium proper, we
should have an incomplete idea of it. A large, jointed, cartilaginous
haemal arch ( fig. 46. %) extends on each side, from below the eranial end
of the chorda dorzalis, downwards and backwards to the orifice of the
pharynx ; this represents the labial arch of higher Myxinoids, and it
supports the jointed slender oral filaments, which may be regarded
as a continued representation, in the Vertebrate series, of the cephalic
tentacula of the Cephalopods. It is the sole chondrified part of the
gkeleton in the Branchiostoma, a fact which must be borne in mind
if we would avoid the common error of supposing the neural ver-
tebral column to be the first and only rudiment of an internal
skeleton in the lower Vertebrata.

Before proceeding to the next stage at which eranial development
is arrested in the ascending series of Vertebrata, I may briefly de-
seribe the form under which the cartilaginous tissue is superinduced
upon the fibrous brain-zsac in osseous fishes, according to the obser-
vation of M. Vogt on the embryo of one of the Salmonide (Core-
gonus, Xx1L tom. i. p. 3.). The chorda dorsalis advances as far as
the pituitary sae, or ¢ hypophysis cerebri,’ where it terminates in
a point ; cartilage is developed on each side of the chorda, forming a
thick occipito-sphenoidal mass®, which extends outwards, and en-
velopes the sac of the internal ear, forming the ear-ball or acoustic cap-
sule. The eartilage rises a little way upon the lateral walls of the era-
nium, and is there insensibly lost in the primitive eranial membrane.
At the end of the chorda, the basal cartilages diverge, surround the
pituitary vesicle, and meet, in front of it, to join or be expanded in
the presphenoid platet : these arches I term  sphenoidal.”} ( fig. 24.)

Base of skull, Ammocete, Milller, Side view of skull, Ammocete, Milller.

* Plaque nuchale, Vogt ; Knicherne basis eranii, Miiller, xx1.
t Plague faciale, Vogt; Gauwmenplatte, Miiller,
} Anses latérales, Vogt ; Fligel-forsiiize basis cranii, Miiller.
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only its upper and middle part membranous, as in the human embryo
when ossifieation of the cranium commences. Two broad cartilages
(#b. 20, 21) may represent, upon the roof of the infundibular suctorial
mouth, the palatine and maxillary bones, and anterior o these there
is a labial cartilage (ib. 22) : there are likewise cartilaginous processes
ib. 7, ) for the support of the large dentigerous tongue, and the
attachment of its muscles; besides the cartilaginous basket, before de-
seribed, which supports the modified and perforated homologue of the
large respiratory pharynx in the Branchiostoma ( fig. 46.).

As regards the development of the skull, properly so called, the
ordinary course is pursued with very little deviation in the Der-
mopterons fishes; but is arrested at more or less early embryonic
stages: yet at each of these, even the earliest, development proceeds
in a special direction, to stamp the species with its own distinctive
and peculiar character: in the Branchiostoma by the articulated
cartilaginous labial arch and its numerous filaments ; and in the pro-
per Myxinoids and Lampreys by the formation of the complex system
of lateral and labial eartilages ; or by the modification of the palatine,
maxillary, and hyoid rudiments, in relation to the suctorial function
of the mouth.

The more or less cartilaginous skull of the Plagiostomous fishes
might be histologically regarded as the transitional step from the
Cyclostomous to the Osseous fishes ; but, morphologically, it offers a
very different type, apparently a simpler one, if compared with the
Myxine or Lamprey, but one which in consequence of the progress
of development in the direct vertebrate route, more nearly approxi-
mates to the type of cranial organisation in the lower forms of Rep-
tilia. The Monk-fish ( Sguatina, — an intermediate form between the
Sharks and Rays) affords a good and typical example of the essential
characters of the plagiostomous skull. The eranial end of the chorda
dorsalis and its capsule are converted into firm granular cartilage ;
and this cartilage extends from the prominent median basal ridge,
indicative of the primitive place of the chorda, on each side and for-
wards o as to constitute an oblong flattened plate forming the whole
basis cranii. The posterior margin of this ¢ occipito-sphenoidal’
plate supports two convex condyles, as in most of the Rays, for arti-
culation with the body and parapophyses of the axis.* The lateral
margins of the basal cartilage have two notches, the intervening pro-
minence representing the primitive sphenoidal arch, here filled up
and sending off a rudimental pterygoid process outwards. Just an-

¢ * The body of the atlas has coalesced with the basi-occipital, as is indicated by

its slender but separate neural arch. The condyloid foramen is just above the outer
end of the condyle.
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times blend with, the supra-orbital plates, and circumseribe vacuities
at the sides of the parietal region of the cranium. But the exterior
of the skull iz variously and singularly modified in the different
Plagiostomous genera, development proceeding from the advanced
cartilaginous stage just described, to establish peculiar plagios-
tomous characters, and to adapt the individual to its special sphere of
existence.

The same general confluence of cartilage, which pervades the
protecting walls of the brain-case, characterizes the appended arches
of the cranium. A single strong suspensory pedicle, articulated to
the side of the skull beneath the posterior angular (mastoid) pro-
cess, has the hyoidean, and partly the mandibular *, arches attached
to its lower end, the former by a close joint, the latter by two liga-
ments. The maxillary arch, in Squatina, is suspended by a ligament
from its ascending or palatal process, to the notch between the
vomerine and the anterior supra-cranial cartilaginous plate. From
this point the jaw is continued in one direction forwards and inwards,
completing the arch by meeting its fellow, to which it has a close
ligamentous junction; and in the opposite direction, backwards and
outwards, as a coalesced diverging appendage to the outer side of the
tympanic pedicle, where it forms the more immediate articulation for
the lower jaw, or mandibular arch, like the hypo-tympanie continu-
ation of the upper maxillary bone in the Batrachia. Each lateral half
or ramus consists of a single cartilage, the two being united together
at the symphysis by ligament.

Two slender labial cartilages are developed on each side the maxil-
lary, and one on each side the mandibular arch; which complete the
sides of the mouth. These eartilages Cuvier regarded as rudiments,
respectively, of the intermaxillary, maxillary, and dentary bones;
the dentigerous maxillary arch being his palatine bones, and the
mandibular arch the articular piece of the lower jaw ; but both
palatines and articulars co-exist with labial cartilages, like those of
the Squatina, in a Brazilian Torpedo (Narcine), and at the same time
with distinet pterygoid cartilages. (Xx1. 1835, pl. v. fig. 3. & 4.) §

Four or five short cartilaginous rays, in Sguating, diverge from
the posterior margin of the tympanic pedicle, and support a mem-
brane answering to the opercular flap in Osseous fishes; in their
ultimate homology these rays are the skeleton of the diverging ap-
pendage or limb of the tympano-mandibular arch.

* Throughout these Leetures the term “mandible” is applied to the lower jaw,
and the inverted eranial arch which that jaw completes is called “ mandibular : ™
the arch formed by the upper jaw is called “ maxillary.”

t It may be questioned whether the detached plate, ealled palatine by Dr. Henle,
Le not rather the ento-pterygoid.
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eartilage. The anterior or vomerine part forms a long pyramidal
rostrum, to which are articulated cartilages connecting its extremities
with the radial or anterior angles of the enormously developed hand
(peetoral fin): in the space between the skull and those fins, the
Torpedo carries its electric batteries. The tympanic pedicles are
short and thick ; the maxillary and mandibular arches long and wide,
stretching transversely across the under part of the head.

In the ordinary Sharks the anterior prolongation of the cranial
cavity gives a quite anterior position, and almost vertical plane, to
the fontanelle: three columnar rostral cartilages are produced, two
from above, and one from between the nasal eavities, which processes
converge and coalesce to form the framework of a kind of cut-water,
at the fore-part of the skull. In the place of articular condyles, pro-
cesses extend backwards from each side of the occipital foramen and
clasp, as it were, the bodies of three or four anterior vertebrae of the
trunk. The pterygoidean arches extend outwards, in Carcharias,
from the base of the cranium, but, as in embryo osseous fishes, are
confluent therewith at both ends. The maxillary arch, suspended
near its closed anterior extremity to the vomerine part of the base of
the skull, is thence extended backwards to the articulation of the
lower jaw. A simple cartilaginous pedicle forms the upper part
(pleurapophysis) of the mandibular arch, which is completed below
by the lower jaw. A few cartilaginous rays diverge outwards and
backwards from the pedicle, and support a small opercular flap or
fin. The hyoid arch consists of a basi-hyoid and two simple cerato-
hyoid cartilages ; the stylo-hyoid is ligamentous, as in the Squatina.
Short eartilaginous rays diverge from the cerato-hyoid to support the
branchiostegal membrane, or hyoid fin, The scapular arch, which
we shall find normally articulated with the oceiput in osseous fishes,
is attached thereto, at a little distance behind the head, by ligament
and museles in the sharks: from this arch, also, cartilaginous rays
immediately diverge for the support of a radiated appendage or fin;
the third in the series counting backwards from the tympanic or
opercular fin.

The capsules of the special organs of sense are all cartilaginous:
that of the ear is involved in the lateral walls of the eranium : that
of the eye is articulated by a cartilaginous pedicle with the orbit;
and the olfactory sacs are over-arched by the nasal processes of the
epicranial cartilage,

Amongst the stranger forms in which gpecial development radiates,
in diverging from that stage of the common vertebrate route attained
by the Plagiostomes, may be noticed the lateral transverse elongations
of the orbital processes, supporting the eye-balls at their extremity,
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expanded end of this ossified part supporting, as in the Squatina, the
neurapophyses of the atlas (fig. 28. n), the bases of which expand
and meet above that end of the ossified chorda and below the spinal
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Skeleton of Lepidosiren annectens.

canal. Ossification of the fibrous sheath of the chorda, commencing
posteriorly at its under part (ib. &), ascends upon the sides as it
advances forwards, and incloses it above, where it supports the me-
dulla oblongata, and the lateral bony plates (neurapophyses) called
28 ex-oceipitals (ib. 2); leaving behind a wide oblique
concavity lodging the anterior unossified end of the
¢chorda,” which does not extend further upon the
‘basis cranii’” The ex-occipitals (fig. 27, 28. 2, 2),
Atlas and expand as they ascend and converge to meet above
occipital vertelira, :
epidosiren. ~ the ‘foramen magnum’ which they complete. A
small mass of cartilaze connects their upper ends with each other, and
with the overhanging backward projecting point of the fronto-
oceipital spine (#. 3). This cartilaginous mass answers to the base
of the supra-occipital in better ossified fishes: a similar cartilage
connects the ex-cecipitals with the oceipital spine in the Tefrodon.
We clearly perceive in the Lepidosiren that ossification, advancing
on the common cartilaginous mould of the plagiostomous skull, has
marked out the posterior eranial vertebra, and not only its neura-
pophyses but also its centrum ; the neural spine being left in a less com-
pletely ossified state than in the vertebrs of the trunk, The occipital
pleurapophyses (scapul®, fig. 27. 51) are much more developed, and
appear as two strong, bony, styliform appendages, articulated by a
synovial eapsule and joint, one on each side, to the persistent carti-
laginous base of the neurapophyses (ex-occipitals), and partly to the
centrum or basi-occipital. To the lower and less expanded ends of
the pleurapophyses are attached the extremities of the hmmapo-
physes (coracoids, fig. 27. 52); and thus is completed the hemal arch
of the occipital vertebra, here unusually developed in relation to its
office of protecting the heart and pericardium : the hemapophyses or
coracoids belong to the same category of vertebral elements as the
sternal ribs which protect the heart in higher Vertebrata. The costal
,or haemal arch of the occipital vertebra of the Lepidosiren supports
an appendage ( fig. 27. 57), projecting outwards and backwards like
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oblongata, cerebellum, optic lobes, pineal sac, and cerebral hemi-
spheres, but also the olfactory lobes. The lateral cartilaginous walls
of the cranium are continued forwards from the acoustic capsule
between the basal and superior osseous plates: the part perforated
by the fifth pair of nerves, and protecting the side of the optic lobes,
represents the great ala of the sphenoid : the next portion in advance,
protecting the sides of the cerebral hemispheres and perforated by
the optic nerve, answers to the orbital ala of the anterior sphenoid :
and the cartilage terminates by a part which is perforated by the
olfactory nerve, and which abuts laterally against the ascending or
palatine process of the maxillary arch.

The outward extension of the lateral cartilages of the cranium
downwards, in the form of a broad triangular plate, the apex of
which forms the articulation for the lower jaw, is like that which we
gee in the Chimara ; but ossification has extended along two tracts,
which converge as they descend, one (_fig. 26. 28) from behind to the
outer, the other (#h. 23) from before to the inner side of the carti-
laginous maxillary joint, which these bony plates strengthen and
support like the backs of a book. The posterior of these bony arches
is obviously the homologue of the tympanic pedicle in the Squatina:
the anterior bony arch as plainly answers to the pterygzoid buttress in
osseous fishes ; but it iz here confluent with the coalesced palatine
and superior maxillary bones, the dentigerous part of which extends
outwards, downwards, and backwards (fig. 29. 21), but does not

29.  rpeach, as in the Sharks and Rays, the mandibular

4 ‘::—_::T:“—]";q joint. From the upper part of the palato-maxillary
"ﬁﬁﬁ portion a compressed sharp process (ib. 20) ascends
R ikt obliquely backwards, and terminates in a point: the
BT JRw o Tiopec inner side of this process is closely attached by liga-
ment to the fore and outer part of the frontal por-

tion of the epicranial bone (#. 11) ; the outer side of the process is ex-
cavated for the reception of the outer and anterior process of the
remarkable bone, which in my Memoir (xxxiu1 p. 334.) 1 have
compared with the post-frontal bone. This bone ( fig. 27. 12), in con-
nection with the ascending process of the maxillary (¢b. 20), forms the
upper part of the orbit, and behind this connection it sends out the
post-orbital process, beyond which it extends backwards, freely over-
hanging the fronto-oceipital, and gradually decreasing to a point, which
terminates just above the occipital spine, in the position of the mas-
toid, in bony fishes, and giving attachment to the anterior end of the
great dorzo-lateral museles of the trunk. This bone is flat above like a
seale, and from its superficial position might be classed, like the similar
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Behind the tympanie pedicle is the pre-opercular bone ( fig. 27.
84), elongated, pointed at both ends, triedral, with the outer sur-
face concave: its lower two-thirds is attached by ligament to the
mandibular or tympanie pedicle. Behind and below this is an in-
equilateral triangular bone (6. 37) closely attached by ligament to
the expanded cranial end of the hyoidean arch: this I originally
deseribed as the styloid bone; it may be the homologue of the inter-
opercular.*

Only a single ‘cerato-hyoid’ (éb. 40) is ossified on each side : they
complete the arch by the lizamentous junction of their lewer extre-
mities, having no intervening basi-hyal : their upper expanded ends
are suspended by a short lizamentous mass to the cartilage imme-
diately behind the tympanic pedicle.

The capsules of the organs of sense are of nearly equal size ; the
eye is the smallest ; the nose the largest. The acoustic capsules are
principally buried in the lateral cartilages of the skull; but one of
the otolithes protrudes through a moderately wide hole into the cranial
cavity. The eye-ball occupies the space between the pre- and post-
frontals above, and the outward prolongation of the maxillary below;
its capsule, the sclerotie, is cartilaginous. The nasal capsules (ib. 19)
are also cartilaginous, with vertical slits closed by membrane ; they
are situated on each side and below the nasal plate.

You may perhaps think that I have been biased by the extrinsic
interest of personal discovery, in dwelling =0 long upon the eranial
structure of the Lepidosiren; but I persuade myself that the actual
value and intrinsic importance of this remarkable type of Ichthyie
organisation, will justify the time and attention we have been be-
stowing upon it. The skeleton of the Lepidosiren affords the right
key to the complexities of those of the typical and better ossified
fishes. I believe it to manifest, upon the whole, the highest grade
which is attained in the class of Fishes, in the direct progress to
perfection, or, in what may be termed the Vertebrate high road.

The true or typical osseous fishes deviate from this road into bye-
paths of their own, and superadd endless complexities of which we
shall seek in vain for homologous parts in Reptiles, Birds, or
Mammals. Therefore it is, that, on the whole, the Lepidosiren’s
skeleton presents the closest resemblance to that of the lowest class
of Reptiles, though it differs therefrom both by a little less and a
little more development: the vertebral centres of the trunk, for ex-
ample, have not risen above the embryonic state of soft confluence ;
but secondary spines have been superadded to the neural and hamal

- Eor S :
Agassiz regards the pre-opercular in fishes as the homologue of the sty lomd.
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magnum ; the apex iz more or less widely and deeply cleft trans-
versely by the aperture of the mouth ; the orbits are lateral, laree,
and usually communicating freely with one another; and there are
also two lateral fissures behind, called gill-apertures, with a mecha-
nism for opening and closing them. The mouth receives not only
the food, but also the streams of water for respiration, which escape
by the opercular or gill-apertures. The head contains not only the
brain and organs of sense, but likewise the heart and the whole re-
spiratory apparatus. The inferior, inverted, hamal protecting arches
are greatly developed accordingly, and their diverging or radiated
appendages support membranes re-acting upon the surrounding fluid,
and more or less employed in locometion : one pair, in fact, is the homo-
logue of the pectoral extremities in higher Vertebrata, and the sus-
taining (scapular) arch frequently also supports the homologues of
the pelvie extremities. Thus jaws and tongue, heart and gills, arms
and legs, may all belong to the head ; and the disproportionate size
of the skull, and its firm attachment to the trunk, required by these
functions, are precisely the conditions most favourable for facilitating
the movements of the fish through its native element.

It may well be conceived, then, that more numerous bones enter
into the formation of the skeleton of the head of Fishes, than of any
other animals. Most of these bones present the squamous charaeter
and mode of union, being flattened, thinned off, and overlapping one
another like scales; and although the skull, as a whole, has less mo-
bility on the trunk than in higher animals, more of the component
bones enjoy independent movements.

The principal cavities, which are formed by this assemblage of
bones, are, the ¢cranium,” lodging the brain and organs of hearing ;
the ¢ orbital’ and the ‘nasal’ fossm; the ¢ bueeal’ and the ¢ branchial”
canals. Few of these cavities are well defined, and in no class of
animals is the exterior of the skull so broken by irregular depressions
and prominent spines and protuberances. The upper surface of the
cranium is commonly traversed by five longitudinal erests, inter-
cepting four channels : the principal crest is the median one, formed
by the frontal and oceipital bones (fig. 19. 3); next to this is the
pair formed by the parietals (ib. 7) and par-occipitals; and the
lateral pair of crests is formed by the post-frontals and mastoids
(ib. 12, 8): the intervening depressions lodge the anterior origins
of the great muscles of the back and of the seapular arch: very
rarely do the temporal muscles extend their attachments (as in the
Conger, Lepidosiren and Symbranchus) to the upper surface of the
‘eranium.  The upper border of the orbit sometimes sends off strong
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tribe (fig. 85, 2), where they relate also to the connection of the air-
bladder with the organ of hearing, by means of the ossicles a, b, ¢, d,
and e. The ex-occipitals are immovably articulated in the Cod,
below with the basi-occipital, behind with the neurapophyses of the
atlas, above with the supra-occipital and the par-occipitals, and in
front with the petrous bones, or acoustic capsules, intercalated between
them and the alisphenoids. In a few fishes (e.g. Fistularia) the ex-
occipitals send backwards articular processes modified to allow a
slight movement upon the corresponding anterior articular processes
of the neurapophyses of the atlas. Like these elements of the ordinary
vertebre of some fishes (e. g. Lepidosiven, Thynnus, Xyphias), the
bases of the ex-occipitals expand, approximate, and in most osseous
fishes, meet upon the upper surface of the basi-ocecipital, and imme-
diately support the medulla oblongata ; but sometimes a space is left
between them, which is filled up by the basi-oceipital *, and in Lepid-
osteus, as I have just observed, the basi-occipital protects the whole
epencephalon.

The supra-oceipital (spine of the occipital vertebra, fig. 50 & 31. 3),
of an elongated rhomboidal form in the Cod, triangular in the Carp, is
articulated by an inferior cellulo-sutural surface, with the summits of
the ex-occipitals and the mesial angles of the par-occipitals, com-
pleting the circle or forming the key-stone of the neural arch: it
usually sends upwards and backwards a strong compressed spine from
the whole extent of the middle line, and a transverse ¢ supra-occi-
pital’ ridge outwards from each side of the base of the spine, to the
external angles of the bone. In most fishes this bone advances for-
wards and joins the frontal, pushing aside as it were the parietals:
in Balistes, the produced part of the supra-occipital is even wedged
into the hinder half of the frontal suture. In the Carp, on the contrary,
the anterior angle of the supra-oceipital is truncated, forming the base
of the triangle, and is articulated by a lambdoeidal suture to the parietal
bones, (fig. 35. 7), which here meet at the mid-line of the skull, and
the uvpper part of the occipital spine is low and flattened. The
supra-oceipital is also separated from the frontal by the parietals, in
the Salmonoid, Clupeoid, Muranoid, and Salamandroid fishes (Lepid-
osteus, Polypterus), and is itself divided, in Lepidosteus, by a median
suture ; these modifications tell strongly against extending the homo-

* M. Agassiz, who has noticed a similar interspace between the summits of the
ex-occipitals, as well as between the par-oecipitals and sur-oceipital above, observes,
“ On dirait alors qu'une large fente médiane entame tout l'oceiput.” ( Poissons

ossiles, i, p. 118.) But this could only be affirmed correctly, if the basi-occipital

,were likewise divided, and separated along the median line, of which I know not
any example,
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bone of Anthropotomy. All the parts of the occipital vertebra
are developed from or ossified in the pre-existing cartilaginous
cranium.

The second ring of bones, or that which encircles the mesencepha-
lon, includes the ©basi-sphenoid,’ the ©ali-ephenocids,” the ¢ parietals,’
and the ‘mastoids’ (fig. 30. 1. & fig. 32.). The basi-sphenoid
(centrum of mesencephalic vertebra, . 5), is "always connate
with the pre-sphenoid, (ib. 9), forming with it a long subtriedal
] bone (basi-pre-sphenoid®), usually
bifurcate posteriorly, and more or
less expanded beneath the cranial
cavity ; it is then continued for-
wards (sometimes after sending out
a pair of lateral processes, as in the
Perch, more commonly without such
processes) along the base of the in-
ter-orbital space to near the fore-part

5"

Disarticulated neural arch of parietal ver- Of the roof of the mouth: its pos-

tebra, viewed from behind : Gades Morrbua. terior Extrﬁ!]lit:f is jﬂiﬂﬂd l]:( a squa-

mous suture, as in Diodon, to the basi-oceipital ; or more commonly,
as in the Cod, is firmly wedged by a kind of double gomphosis into
the basi-occipital : its expanded part supports the petrosals and ali-
sphenoids : the pre-sphenoidal prolongation (9) articulates with the or-
bito-sphenoids and the ethmoid, when this is ossified, and it terminates
forwards by a cavity receiving the pointed end of the vomer. It is
this portion of the basi-pre-sphenoid which manifests the loss of sym-
metry in the flat fishes (Plewronectide), being twisted up to one
side of the skull. The basi-pre-sphenoid varies in form with that of
the head in general, being longest and narrowest in long and narrow
skulls, and the converse ; the whole of its upper surface is commonly
rough for articulation with the petrosals and ali sphenoids ; rarely does
any portion enter into the direct formation of the eranial cavity, and
then, perhaps, e. g. in the Cod, a small surface may support the pituitary
sae.  When it enters more largely into the formation of the floor of

* The ossification of the basi-pre-sphenoid proceeds from a common centre; but
this does not invalidate its general homology with the bodies of the second and
third eranial vertebree, as manifested by their neurapophyses (alisphenoids and orbito-
sphenoids) and spines (parietal and frontal), any more than the ossification from a
single eentre of the common supporting bifurcate bone of the neural and hamal
spines of the caudal fin disproves the inference that that single bone represents the
coalesced bodies of the terminal vertebre to which those spines belong, The par-

tially united radius and ulna of the frog are ossified from a common centre at their
eoaleseed proximal ends,
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nerves. The ali-sphenoid articulates in the Cod with the petrosal
posteriorly, with the orbito-sphenoid anteriorly, and with the mastoid
and post-frontal above. Where the ali-sphenocids have a greater
relative size, as in the Perch, and where the less constant petrosal
decreases or disappears, their connections are more extensive ;
they then reach the ex-oceipitals, and sometimes even join a
small part of the basi-occipital. In the incompletely ossified skulls
of some fishes, e. g. the Pike and the Salmon tribe, the basal and
lateral cranial bones are lined by cartilage, which forms the medium
of union between them, especially the lateral ones: in better ossified
fishes, e. g. the Cod, the union of the ali-sphenoids is by suture, partly
dentated, partly squamous. In the Cod the second and third di-
visions of the trizeminal nerve pass out of the cranium by the an-
terior notch; in some other fishes they escape by foramina in the
ali-sphenoid: a part of the vestibule and the anterior semicircular
canal of the acoustic labyrinth usually encroach upon its inner con-
cavity, whence some have deemed it to be the petrous bone.*

The parietals (spine of mesencephalic arch, figs. 30, 32. 7), which
complete above the osseous cincture of the most expanded segment of
the brain in fishes, are most commonly two in number: in the Cyprinoid
(/fig. 35. 7) and Salamandroid fishes they meet and unite by a sagittal
suture ; in the Salmonoids they soon coalesce; and in some Siluroids not
only with each other but also with the supra-occipital : in the Pike, the
Perch, the Cod, and most osseous fishes, the parietals are separated
from one another by the anterior prolongation of the supra-oceipital.
They are always flat, and present much smaller proportions than in the
higher classes of Vertebrata. They are commonly articulated to the
mastoids outwardly and below, to the supra-occipital above, to the
frontal before, and io the par-oeccipital behind ; sometimes, but rarely
to the ali-sphenoids, and in a few fishes, as the Pike and Gurnard,
where the parietals are more than usually developed, they appear upon
the hinder as well as the upper surface of the skull. In some fishes
they are perforated by the nervus lateralis which supplies the ver-
tical fins, The left parietal is broader than the right in the Iolibut
and some other flat fishes ( Pleuronectide). The parietals are ossified
in and from the perichondrium and continuous membrane closing the
great fontanelle of the primitive cartilaginous eranium.

The mastoids (parapophygses of the parietal vertebra, ib. 8) bear

* As, e. g. Meckel, Wagner and Hallman {Vergleichende Osteologie des
Schlifenbeines, p. 55.). Kastlin, who approves of this view, gives, however,
the name of posterior ali-sphenoid (hintern sehlifen-flugel, xxxv, p. 315.) to the

X petrosal,
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In the Garp their bases meety like thoseof the ali-sphencids,above the
sphenoid : when osseons matter is developed in the interorbital septum
the | oxbito-sphenoids swe articulated by thein under and antevior pant
to that bone or bones.* ; TheoMactory, neryes pass, out of the skull
by the: superioninterspace,of -the orbito-sphengids, and ;the optic
merves bytheir infevior interspace;; or, by a, direct . perforation ;| and
the essential functions -,ﬂf"..t.h'q.pl;hit;}-sghmqid&-imlﬂte-,im_ the; pro-
tection of the sides of  the cerebrum. or prosencephalon, and to the
transmission of the optic nerves. The orbitosgphenoids. frequently
bound or complete the foramensovales 0 Aol 0
... The. frental, or, mid-frontal bone, . (spine,of the  prosencephalic
avely, b, 11),. completes, the ; prosencephalic) arch, aboye,, as the
supra-occipital, does, that of the epencephalon; but it always enters
into the formation. of, the .cranial; cavity,: though its major pant
forms the reof, of the orbits, which ageessary function s the. chief
condition, of  the great, expanseof, this. neural | sping in fishes.
Single, ;and sending, up ;a median: cvest; in, the Cod,, the Ephippys,
and some. other fishes, : the,frontal | is. more, commonly, divided
along  the, median, line, the diyisions having the form, of long and
ibroad . substriangular;, plates ;) narrowen,.in , the; lofty : compressed
skulls, smaller. in those withlarge orbits, and becoming areatly, ex-
panded in the fishes nyith, small, and deepeset eyes. . The frontals rest
an g, small, part of their jextent. upon the orbito-sphenoids, but are
more constantly articulated: anteriorly, to the nasal and pre-fromtals,
and ;jposteriorly, with the post-frentals, the:pazietals, the masteids,
and. frequently also. with ;ﬂ]@r&ﬁpnﬂg-u,mipitﬂﬂﬁ: each frontal sendsup
its owny crest jn the Tunny t, the interspaceleading to a foramen,
penetrating the eranial cavity in front of the single oecipital sping; a
larger fontanelle,exists in the Cobitis.and some Siluroids between the
frontal and pavietal bones. Ingthe Salamandroid fishes(e. g. Polypterus)
each, frontal sends Ilmm.n.,ver-t.icul.,imlgitudinﬁl .plate,. which rests
iirectly upon. the anterior prolongation, of the sphenoid, and inter-
cepts a canal along which the olfactory nerves dre continued forwards
to, the prefrontals : the| lateral . parietes of this eanal thus form nat
only, a,. complete,, but a doyble hoeny, pastition between the orbits. }
In, the Bhad, a,corresponding descending plate takes the place of
the jorbito-spheneid. | In most Acanthopteri an olfactory groove is
formed by shorter vertical descending plates from the under surface
Iﬁf the frontal. The mid-frontal is gingle in the Pleuroneetide, but
* The specially :lluﬂaLllupc_-rl_. interorbital élcg']_'nfum:nr'lurl:llln'llal wihmoid I_:if “Cuvier in
the Bream and Carp misled Bajanus ‘into the belief that it was the body of the
prosencephialic Yerfebra (vertebra opticn),—Tsie, 1818, p. 502,

, T Heminding gne of the douple spine of the neural arch of the atlas in e

trodon. """ f xxin, kv, p 122,
YOL. 11, 11
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The palatine bones abut against the expanded anterior part of the
vomer, the under side of which commonly supports teeth. The left
ala of the anterior end of the vomer is chiefly developed in the
Holibut and other flat fishes. In the Lepidosteus, the vomer is
divided into two by a median cleft. Although its posterior end
joins obliquely to the under part of the pre-sphenoid, it is not,
therefore, less a continuation of the basi-cranial series than is the
post-sphenoid, which joins in a similar manner with the basi-occi-
pital.* In the Lepidosiren, we have seen the basi-sphenoid confluent
with the basi-oceipital; in the Polypterns it iz confluent with the
vomer.,

The prefrontals (neurapophyses of the nasal vertebra, 6. 14)
defend and support the olfactory prolongations of the cerebral
axis, give passage to these so-called ‘olfactory nerves,’ bound the
orbits anteriorly, form the surface of attachment or suspension for the
palatine bones, and through these for the palato-maxillary arch:
they rest below upon the pre-sphenoid and vomer, support above the
fore part of the frontal and the back part of the nasal bones, and
give attachment to the large antorbital or lachrymal seale-bone, when
this exists : they are always ossified in and from pre-existing eranial
cartilage.

Such are the essential characters of the bones which Cuvier has
called frontaux antérieures’t in Fishes, and to which I shall apply
the name of ‘prefrontal” in all classes of Vertebrate animals. In
the Cyprinoids, and most Halecoids, the prefrontals form part of an
interorbital septum. When anchylosis begins to prevail in the cra-
nial bones of Fishes, the prefrontals manifest their essential relation-
ghip to the vomerine and nasal bones by becoming, confluent with
them: thus we recognise the prefrontals in the confluent parts of the
nasal vertebra of the Conger, by the external groove conducting the
olfactory nerves to the nasal capsules, and by the inferior process

* Straus, however, argues it to be an appendage from that mode of union
(xxxvL t, i. p. 333.).

T “ Deux frontaur antéricures, qui donnent passage aux nerfs olfaetifs, forment
les orbites en avant, sappuyent sur le sphiénoide et le vomer, et donnent attache par
une facctte de lear borde inféricure anx palating,” (Legons d Anat, Comp, ii. 1887,
p. 606.) Compare this enuneiation of the essential characters of the anterior fron-
tals with Cuvier's deseriptions of the bones to which he applies that name in other
classes, and with the variable determinations of the same bones by other anatomists
— e lacrymal, Geoffroy and Spix ; lamina eribrosa ossis ethmoidei of Bojanus ;
seitliche reichbeine, Meckel, Wagner,  Without at present entering into the respee-
tive merits or demerits of these determinations, I shall only state that the pre-
frontals, under whatever names they are deseribed, are essentinlly the neurapophyses
of the TIEISEI vertebra, and that the failure in the attempt to determine the special
homologies of these bones may, in every case, be traced to the non-appreciation of

* their true general homology,

£
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medium of a symmetrical cartilage®, which is articulated with the fore
part, of the nasal bong, and extends forwards, to the interspace of the
upper ends of the pre-maxillavies. This prenasal’ cartilage often
forms g septum between the two ‘ossa turbipata:’ it is partially
P-‘-‘Eiﬁ.e!‘”“?hﬁcﬂ.l.'ﬂ* iraopns sl bebE sdpidadend  asilaid ool) gk sl
1 An, the, Myrenide the normal elements, of the fourth or rhinen.
cephalic. vertebra coalesce into a single bone: the pre-froptals or
neurapophysial elements are plainly manifested, as. has been already
obseryed, by the articular surfaces which stand out, in front of the
orbits _{i'c'w_ the suspension of the palato-maxillary arches: the sping

or nasal bong forms the uspal obtuse expansion at, its anterior extre-
mity, immediately, beneath the skin. of the upper part of the snout,
and it supports teeth, as in the Lepidosiren: it ig intimately confluent
anteriorly with the centrum or vomer, the limits being indicated by

‘the jnterruption of the median series of vomerine and nasal teeth.,

SEINE E Y whi tF i ot i Faots treel gl | 4 rh=il beedt  onald wns CSTHE

il nr sy fid pirant o ff 14 .SMEE-GME'IJLEE.' il ¥ tlar £ I :'I:||I.J ki

I o far L bR ravhemeant o by by Erersirie baspdandeans ekl baeld  Nepeti i
" The sense-capsules are so intercalated with the neural arches, which

are modified to form cavities or orbits for thefr reception, that the
dentonstration of the skull will be best ficilitated by }lﬁila“férribi}ig"flléh
before we proceed to the hwemal arches of the eranial Vertebra. =
"Aeoustic capsule, or Petrosalt (fig. 30. 16y, 11 T b

_'We have seen that the first developed cartilage upon the primitive
membranous walls of the skull forms a special jif'hfé'ctl-ing':::ﬁﬁ:lrt}'pé
for the labyrintli, which alone c?h;atiiqtq_a's"t-'hlla organ_of hearing in
Fishes (Ammocetes, fig. 24.'16). In the progressive accumalation of
cartilaginous tissue upon the base and sides of the crdnium, the ear-
capsule loses its individuality, and becomes buried in the common
thick basi-lateral parietes of the cranium. ' It is blended with that
persistent cartilaginous part of the skull in the Lepidosiven ; but, in
the better ﬂﬂ-aiﬂ’e:ﬁ'Fisheﬂ, when the 08SeOUs centres of the neura-
pophyses of the ¢ranial vertebraz begin to bé ¢stablished in that car-
tilaginous basis, a distinet bone is likewise, in most cases, developed

for the more express defence of the labyrinth.' Sinece, however,

* This is regarded by some homologists as the body of a fifth cranial vertcbra ;
but from its relations to the nasal bone it would have better claims to be considered
the spine of such, if there were sufficient grounds for admitting vertebral segments
beyond the nasal one: and the cephalie region of the skeleton might well differ,
like the cervieal and other regions, in the number of its vertebral segments; but I
hirve not found gootl evidenize'of 'such vatiation, ' 0 g St
i t Bocher, Cuvier 3 pupéad, Geoflvay i, pars putrosalpssis demparis of Anthropotomy.
The nature of the * os petrosum’ as an envelope of the acoustic bylb, and its
seriid Homilegy with the selekotie éapsuld of the optie bulb, hre t:h-:hi'ij"1_'-|'||'||'|-:|'i|l_||.-:i
by Professor e DBlainville, in the first past of his great # Ostéographie,” Aol 1858,
P lE 28
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consists of two hollow hemispheroid pieces, each with two opposite
emarginations ; the inner ones circumscribing the hole, (analogous
to the meatus internus of the petrosal,) for the entry of the nerves
and vessels to the essential parts of the organ of vision; and the
outer or anterior emarginations supporting the cornmea. As this
part of the skeleton of the head retains its primitive fibro-membranous
condition in Man and Mammalia, it is called the sclerotic coat of
the eye ; and the osseous plates developed in it in DBirds, many
Reptiles, and Fishes, are termed °sclerotic bones.” It bears,
however, the same essential relation to the vascular and nervous
parts of the organ of sight, which the petrous bone does to the
organ of hearing, and which the turbinate bones do to the organ
of smell : the persistent independence of the eye-capsule, which has
led to its being commonly overlooked as part of the skeleton, relates
to the requisite mobility and free suspension of the organ of vision.
In the Cartilaginous Fishes, however, it is articulated by means of
a pedicle with the orbito-sphenoid. The osseous cavity or ‘orbit’
lodging the eye-ball is formed by the pre-sphenoid, orbito-sphenoid,
frontal, post-frontal, pre-frontal, and palatine bones : it opens widely
outwards, where it is, often, further circumseribed by the chain of
¢ sub-orbital® scale-bones below, and, but less frequently, by a
supra-orbital bone above. The bony orbits in most fishes com-
municate freely together, or rather with that narrow prolongation of
the cranial cavity lodging the olfactory nerves: but, in many
Mualacopteri, e. g. the Shads and Erythrinus, the Citharinus and
Hydrocyon, the Synbranchus, and the genus Cypriuus ( fig. 35. 18),
an osseous geptum divides the orbits. In the Lepidosteus and Poly-
pterus the orbits are divided by a double septum, forming the proper
walls of the olfactory prolongation of the cranium, as we shall find to
be the case in the Batrachia.

The bony capsules of the organ of smell present the same division
into cranial and nasal (@thmoidal, fig. 35. 18, turbinal, fig. 30. 19 ) por-
tions, in Fishes as in Man, and, as in Man likewise, other bones, the
vomer and nasal, for example, contribute an accessary protective fune-
tion. All the parts of the proper capsule are cartilaginous in cartila-
ginous and semi-osseous fishes ; the ethmoidal part continues cartila-
ginous in many osscous fishes, closing the fore part of the cranium,
assisting to form the interorbital septum, and con tributing to support
the olfactory nerves in their exit from the skull. When ossification is
established in the ethmoidal cartilage, it is usually confined in fishes
to the eranial ¢nd, forming there a gingle symmetrical, glender, bifur-
cate or sub-quadrate piece, usually perforated by the olfactory
nerves 5 but never in two distinet picees corresponding to the two

u 4
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correspend with them and the meural arches; and are essentially foux
in/ ‘number in: the osséous fishes ;. (¥iz. the fpalato-maxillary,’ the
¢ tynipano-mandibular,’  the!.* hyoideany and the.'scapular. . Most
fishes have, likewise, appendages, which diverge or radiate from these
arches. Al s.pecml{msccf'al} system of bonjy arches, called ¢ branchial
also persists in fishes, for- the support: smd: mmremﬁr!tia of thegille.. .

r W £
dreie e feviag LG A F futp y ool Forrn wsilrife i n

il il |Paiafq-,mquﬂmy Areh ( fig. 3"3' .11, I"r’., ﬂﬂa.ﬂlm 22} sl aul'l

& 'I dtn indliced to regard’ this 9 essentially one' el from' its ‘con’
ditioh in’the' prlﬂﬂén‘hn anid Plagidstomons fratib! e Prorkt i 1l
clitistance of itd hémg conipldted or'closed at' bue H}ﬂumt onily, ¥iz! where
the premdxillaties tidet or' dnalﬁsce The palatitie bomes aré the piers
of this Tﬁviarted arch, ‘afid’ their points n‘.['”sﬁsj:»ﬂnémh ‘are’ their attach=
merts to‘the pféf‘rbn‘ta'ls, tHe 'vomeririe and the hasal Hones) The areh
is mmpletﬁd h:,r‘tl:a h’la!u]l.hl 'y ‘and pr emaxillary ‘bones, the E}rml?’fl}rsla
O ‘thé Thtter ‘forining its Apex’s ‘and it is incHred ﬁ:lwnfﬂs, neatly o
quite’ pm*aliel 'with t'he base'of ‘the skiill ; ‘which, in' most fishies, “éx:
téhds to'the apex of the arch, and in‘some far beyond it, being usually
mote’ -‘.}!' leds clokely attached to it: ' In'air-bréathing Vertebrates the
areh 18 More’ dependent, c:rcumscfjhmg below the'nashl or Tespirt atory
edrial. * The pt:erygmd Hones project Backwards and outwards as the
appbur]:sigéﬂ of the palato-maxillary arch. ' Both' ma,mlldry and inter!
ﬂ-‘l&?ﬂ"ﬂl‘j’ 'lmuEs tend by their pnﬂnli’ur da‘mlﬁpmcnt and - mdnﬂéhdﬁnt
ninve‘mEnt in bony ' ﬁsﬁes to' project freely outwards, downwirds, and
huckwar&s We' find, at'least, that the general form, position, and
attachiments of ‘the' 51!1'#1& and ‘simple” palatoliaxillary ‘aréh! in the
Lepidosiren or C’csrmcwn are represented in most osSéous fishes, l:r:,r
their sevéral détathed Bones, the names'of whicl have Been __|l.l$'l;. k-
tmrmd ‘ahd which T shatl niow' pr roceed ‘to- pnmﬂt out and 'deseribe’as
thﬂy hacede from th-:: p!lrt’s‘ of 'the ' vertebra -0/ Wwhich "théy aré sust
p-:!trded taking ds' before the ' Cod-fish ws'the ty‘pe (EEE TRl R A TR

The pﬂid'tma {pleumpdphyﬂ;lq of nasal Vertebra¥, fig. 30. 20) is an
indquilatéral trisrigular ‘botie, thick and strong at its upper part,
Whith' 'sends off ‘two ‘processes ; one ' is' the essential point of sus-
pension of ‘the pa]ntnhm:mﬂ]nry arch, jand' articulates with the pre-
frontal ‘and vomer at'théir point of unmn* the other is convex, and
passes’ forwards ‘to ‘be ‘articulated “to ‘a'leoncavity in the superior
mn.xllfar_v, to which, in’all Fishes, it affords a' more or less 'movable

’i

b '.I!qumq belongs the merit of Imv:n}, first enuneiated this general homo-
logieal relation, in his 1|;-|-rr||xl.|r::n of tab. xii) fig. tal of Ty’ fﬂmqmﬁ, monograph.
g palatinum, sen codfa carport hujus vertéhesd! (ot himotdaliy seu e .1,.,|p~ 'J" il )

Jappensa.” { Anatome Testudings Eum;.n:m, p. 44 J- il dm Firsebisiladide i o e
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into many bony pieces, a condition which seems to have prevailed
in some of the ancient extinet Salamandroid fishes ; for example, the
genus of the Old-Red-Sandstone, which I have called Dendrodus.
In the Polypterus the maxillary is large and undivided on each side;
it supports teeth, and sends inwards a broad palatine plate to join the
vomer and the palatine bone ; thus acquiring a fixed position and all
the normal features of the bone in higher animals, The maxillary
bone is very diminutive in the Siluroid fishes, and appears, with the
premaxillary, to be entirely wanting in certain Eels (Murenide),
The premaxillary, or intermaxillary bone (hmmnl spine of nasal
vertebra, fig. 30, 22), one of a symmetrical pair in the Cod and most
other osseous fishes, is moderately long and slender, slightljl‘ curved,
expanded and notched at both extremities : the anterior end is bent
upwards, forming the nasal process, and is attached by lax ligaments
to the nasal bone and prenasal cartilage, to the palatine, and to the
anterior ends of the maxillary bones. The premaxillaries are
movably connected to each other by their anterior ends; the nasal
processes are separated by the prenasal cartilage, the lower or outer
branches project freely downwards and outwards: the labial border
of each premaxillary is beset with teeth, whilst the maxillary bone is
quite edentulous in most osseous fishes, as in the Cod. By those
who may regard the prenasal cartilage as a vestige of a fifth cranial
vertebra the premaxillaries may be viewed as its inferior arch: but such
an arch would be incomplete, widely open ; the piers or erura diverg=
ing, instead of converging, to unite, like other inferior or hamal
arches. In the Diodon the premaxillaries and their lamellated dental
apparatus coalesce and constitute a single symmetrical beak-shaped
bone : Miiller also found a single premaxillary in the Mormyrus.
The confluent premaxillaries constitute the sword-like anterior pro-
longation of the snout in Xiphias, and are firmly and immovably
articulated with the pre-nasal and maxillary bones, in both the
Sword-fish and the Garpike. The premaxillaries are commonly
more extended in the transverse than in the vertical direction, which
latter most prevails in Mammals : but there are many examples in
Fishes where their development is equal in both directions. The
vertical extension, which forms the nasal branch of the premaxillary,
is of unusuval length in the fishes with protractile snouts, as, for ex-
ample, in the Picarels (Menide), the Dories (Zeus), and in certain
Wrasses, as Coricus, and especially the Epibulus, or Sparus in-

sicicector of Pallas (fig. 37,22).* 1In this fish the nasal branch of
* Bee Cuvier and Valenciennes, Tlist. des Poissons, b xiv, r 22 The hypo-
» tympanic or suspensory pedicle of the lower jaw is there called the ¢ malar® bone.
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the' direction towards the ‘medinn line. ' Tt is edentulous in the Cod
ani most otherfishes, but'is' richly beset with: tedth in'the Ara-
patme gigas, It lll‘lﬂﬂlpll-"]" constitutes: the floor of the orbit, its
breadth depending much upon ‘the depth’ of that cavity; it sometimes
isijoined « by its median margin'te the vomer and: pre-sphenoid; as in
the Cod-tribe; Carpstribe; and Flat-fishes ;' and to’ the basizspheneii
in: Lepidosteus, | Evythrinus; and Polypterus, and then dividesthe
‘otbit from 'the mouth ; but more commonly a;vacnity here exists in
the bony skull, filled up only by mucous mémbrane in the Técent fish:
in Upeneus, Polyprion; and Cheilindsy for example, the'ento-pterygoid
does notjoin!the hﬂ&trsphenmﬂ' aml in anﬂiw it IIPITEELE'W be
wanting. B L LR R
The pterygoid® ( ﬁg 3{} 24} ﬁ:arms in the Cod an inequilateral
triangulay plate, but more. elﬂnga.tc{lthﬂn the palatine, with which it is
dovetailed untermﬂy, it becomes thicker towards its posterior end,
which, is truncated and firmly ingrained with the, anterior border of
the hypo-tympanic and prestympanic,bones ; its lower border is smooth,
thickened: and, concave ;) edentulous in the Cod; but more frequently
supporting teeth, as in the Perch.  The pterygoid and palatine appear
to form one bone in the great,Sudis (Arapaima gigas, fig. 36. 20,24):
and, they, are, cqnﬂunnt in the Eel tribe. . In the Conger the eampoungd
bene, is uqtmufat.ed anteriorly, to a short lateral progess of |the vomer,
,and  posteriorly. with,, the  hypo-tympanie 1. it |is very large in the
Gymnotus, |, In, the Murmng the palating. processes ;of, the. vomer
do, not exist, and the fore part; of the long pterygoid is attached
by ligament, to the sul&s of) the Ynmu', hehmd its expanded denti-
(EFETrOUS part o T T o ey Jeveicle i el Desdidissdd
The, ten bones of, wluch ﬂu} pulutu-muxlllary arch is composed in
,f}s,sﬂpus Fishes are, in the,Cod and most other. species, so dispersed,
in relation to the peculiar movements of the mouth, asto appear like
three, parallel. and independent arches; successively, attached behind
one another, by their keystones, to the, fore: part of the axis of tlic
skull, and with their piers or erura suspended freely downwards and
outwards, except those of the, last or pterygo-palatine arch, which
ﬂbu_i: againgt the tympanie, peclmIea. ‘The simplification or confluence
of the, two first of these spurious arches is effected in the Salménoid
Fishes, by, the shortening of the premaxillary, and by the modeé of its
attachment to the maxillary, which now forms the larger part of 'the
‘horder, of the mouth and supponts teeth :. the maxillaries are. brought

", Well argued by, Dr, Kiistlin not to, be,,as, G
; uvicr, su maml iha 1
the ¢ o8 transversum® of Reptiles.—xxxy. ;:1; 328,329, b ) ::::nuo'p:m: nl'
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strength to the carapace: the bulky apparatus suspended from the
parietal and frontal vertebr demanded the additional strength to
the supporting axis which is gained by the ccrnﬂu:cnce t;:t" their
bodies, and apparently by the confluence of the proximal pieces of
the pleurapophyses by which the two hemal arches are suspended
from those vertebrm. The anterior division of the epi-tympanic
piece articulates with the pre-opercular (34), the meso-tympanic
(26), and pre-tympanic (27); the posterior division is again bifur-
cate in the Cod, supporting part of the pre-opercular and part of the
opercular bone. A strong crest projects from its outer surface in
this and many other fishes. The epi-tympanic is simple at both ends
in the Carp tribe.

The meso-tympanic ( fig. 30. 26), or ‘symplectic’ of Cuvier, is
a slender, compressed, slightly curved, elongated, triangular bone,
articulated by its upper part or base to the epi-tympanic and pre-
opercular ; by its lower end to the inner side of the hypo-tympanic,
reaching almost to the mandibular trochlea; and by its anterior border
to the pre-tympanic. The upper part of its posterior border is free,
and gives attachment to the membrane that fills up the vacuity
between it, the pre-opercular and hypo-tympanic bones. The
meso-tympanic is confluent with the epi-tympanic in the Siluroid,
the Mursnoid, and some other fishes ; but does not join the epi-
tympanic in the Lepidosteus, being in that fish supported by the
pre-opercular. ;

The pre-tympanie ( fig. 30. 27), to which part of the suspensory
pedicle of the jaw Cuvier restricts the name ©caisse’ or ‘os tym-
panicum®,’ is an oblong bony seale, with the posterior margin thick-
ened and grooved for the reception of the fore part of the meso-
tympanic and the upper and fore part of the hypo-tympanic. It is
confluent with the hypo-tympanie in the Conger and Murena : it
does not join either this or the meso-tympanie in the Lepidosteus.

The hypo-tympanic ( fig. 30. 25) is a triangular plate of bone, like
the epi-tympanie reversed, bearing the articular convex trochlea for
the lower jaw upon its inferior apex, and having its upper side or
base more even than the opposite base of the epi-tympanic. The

* This is perhaps one of the best examples of the extent to which Cuvier was
influenced by the idea or principle of homology, when a determination had origin-
ated from his own comparisons ; few of the names imposed by Geoffroy St. Hilaire,
in tnnﬁﬂrmir.:,' with his 'I:Il‘.'l‘.:HIiﬂr \riEWﬂ, seem more overstrained than the trapsference
of the name and signification of the little process supporting the ear-drum in man
to o small seprment of a strong |1u:1;c1u, wluﬂly rlcprivml of the proper le'tn]mui.c
funetion, and with which the homology of the human tympanie process of the

temporal bone ean only be established by taking the pedicle of the lower jaw in
Fishes as a whole.
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‘ramus’ is applied in anthropotomy to each half of the mandible,
and each ramus consists of two, three, or more pieces in different
fishes. Most commonly it consists of two pieces, one (hemapophysis
proper), articulated to the suspensory pedicle, and edentulous, ana-
logous to the maxillary ; and the other (hzmal spine) completing the
arch, and commonly supporting teeth, like the premaxillary. In the
Cod, and some other fishes, a third small piece is superadded, at the
angle of the posterior piece. That (ib. 20) which forms the sig-
moid coneavity adapted to the tympanie trochlea is termed the ©ar-
ticular piece;’ it sends upwards a pointed coronoid process, to which
the ligament from the maxillary bone, and the masticatory muscles
are attached ; one short square plate downwards, to join with the
angular (#b. 30); and a long pointed process forwards, to be sheathed
in the deep notch of the anterior piece. This (32) is characterised
by the teeth, which, when present in the lower jaw, are always
supported by it; whence its name of the dentary piece.” The
dentary is always deeply excavated, and receives a cylindrical car-
tilage* from the inner side of the hypo-tympanie, and the vessels
and nerves of the teeth. The great Sudis ( fig. 38.) and the Poly-
pterus have thesplint-likeplate gs : -

e,

along the inner surface of the (3
ramus, answering to that which @t“’_‘i‘t_ﬁ
Camper and Cuvier have un- :
fortunately called ‘operculaire,’
in the mandible of Reptiles, but to which I have given the name of
¢splenial’ to prevent the confusion from the synonymy with the true
opercular bones of Fishez: and in both Sudis and Lepidosteus there
is superadded a small bony piece (ib. 20 a), answering to that which
Cuvier calls the ¢ sur-angulaire’ in Reptiles. These modifications, co-
existing with the true opercular bones, demonstrate the fallacy of the
idea that those bones are much developed homologues of the posterior
pieces of the lower jaw of Reptiles ; an idea which could never have
been entertained by its propounders, had they appreciated the ge-
neral homology of the opercular pieces, as the diverging appendage
of the hazmal arch of a cranial vertebra.

The Diverging Appendage of the tympano-mandibular arch con-
sists of the bones which support the gill-cover, a kind of short
and broad fin, the movements of which regulate the passage of
the currents through the branchial eavity, opening and closing the
branchial aperture on each side of the head. The first of these oper-

cular bones, which forms the chief medium of the attachment of the

Lower jaw ( Arapafna gigas).

* M. Agassiz observes that this cartilage is the * reste de I'ancien are embryonal,
antour duquel les piéees osseuses se sont developpées.” (xxin. i p. 138.)

'I'T"}[u II ] 1
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the arch, stylo-hyal (pleurapophysis, in part, of the mesencephalic
vertebra, fig. 30. 88) is a slender styliform bone, which is attached
at the upper end by ligament to the inner side of the epi-tympanic,
close to its junction with the meso-tympanie, and at the lower end to
the apex of a triangular plate of bone, which forms the upper portion
of the great cornu, or hmmapophysial part of the arch. I apply to
this second piece, which is pretty constant in fishes, the name of epi-
hyal (ib. 39): the third longer and stronger piece is the cerato-
hyal (b, 40).

The keystone or hody of the inverted hyoid arch is formed by two
small sub-cubical bones on each side, the basi-hyals (ib. 41). These
ecomplete the bony arch in some fishes: in most others there is a -
median styliform ossicle, extended forwards from the basi-hyal sym-
physis into the substance of the tongue, called the glosso-hyal (ib. 42),
or ‘os linguale;’ and another symmetrical, but usually triangular,
flattened bone, which expands as it extends backwards, in the middle
line, from the basi-hyals; this is the wro-hyal (ib. 43). It is con-
nected with the symphysis of the coracoids, which closes below the
fourth of the cranial inverted arches, and it thus forms the isthmus
which separates below the two branchial apertures. In the Conger
the hyoidean arch is simplified by the persistent lizamentous state of
the stylo-hyal, and by the confluence of the basi-hyals with the
cerato-hyals: a long glosso-hyal is articulated to the upper part of
the ligamentous symphysis, and a long compressed uro-hyal to the
under part of the same junection of the hyoid arch. The glosso-hyal
is wanting in the Murenophis.

The Diverging Appendage of theshyoidean arch retains the form
of simple, elongated, slender, slightly curved rays, articulated to de-
pressions in the ouier and posterior margins of the epi- and cerato-
hyals: they are called ©branchiostegals,’ or gill-cover rays, because
they support the membrane which closes externally the branchial
chamber. The number of these rays varies, and their presence is
not constant even in the bony fishes : there are but three broad and
flat rays in the Carp; whilst the clupeoid Elops has more than
thirty rays in each gill-cover : the most common number is seven, as
in the Cod ( fig. 80, 44). They are of enormous length in the Angler,

adds a dotted outline of it to complete his Verfebra occipitalis, in xxxvi. tab. xii.
Jig. 32. 1.  He had not been prepared by the normal position of the true hwmal
arch of the occiput in fishes, and by the example of the extreme displacement to
which a hemal arch and its appendages may be subjeet, as in the case of the pelvis
and pelvie fin in fishes, to recognise the true hemapophyses of the oceiput in the
digplaced seapular arch, Bojanus econsidered the © ptur}'gui{iq Y g the ribs {cus!'d:)
of the parietal vertebra (ib. p. 64.),

1 2
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consists simply of the cerato-branchial element; but in Anabas
supports a pharyngo-branchial (ib. 49). It is often expanded, and
usually more or less beset with teeth : it has been termed the inferior
pharyngeal bone (os pharyngien inférieure, Cuvier), as it it were
homologieally distinet from the gill-bearing arches ; and in the same
insulated sense the upper expanded dentigerous portions of these
arches are termed by Cuvier the * os pharyngiens supérieures :” they
are sometimes blended together into one piece, as in the Cotlus.

The peculiar cribriform or labyrinthic eavities, lined by vascular
membrane, and subservient to the continuance of respiration in
certain fishes, which can live long out of water, the Climbing Perch
(Anabas) for example, and other genera of the Order called by
Cuvier “ Pharyngiens labyrinthiformes,” are due to a peculiar deve-
lopment of the epi-branchial and pharyngo-
branchial pieces of the first, second, and some-
times the third branchial arches ( fig. 89. 48).
Ah All these gill- and tooth-bearing arches ap-
‘¢ pertain to the splanchno-skeleton, or to that
category of bones to which the hard jaw-like
pieces supporting the teeth of the stomach of
the Lobster belong. The branchial arches arve

Branchial arch, with laby- 8 4 i
rinthic pharyngo-branchials sometimes Qﬁ]‘t]lﬂ.gl,l‘lt}us when the true endo-

{Anabas). 1 2 A .
skeleton is ossified : they are never ossified n

the perenni-branchiate Batrachians, and are the first to disappear in
the larvee of the eaduci-branchiate species; and both their place and
mode of attachment to the skull demonstrate that they have no essential
homological relation to its vertebral structure. All the primitive six
pairs of branchial arches are present, but cartilaginous in the Lepi-
dosiren; and the last, which answer to the inferior pharyngeal bones
in normal Osseous Fishes, supports gills, and not teeth, whilst the
second and third arches have no gills in this remarkable fish: they
offer a striking contrast in tissue, connections, and development with
the strong, bony, persistent hyoidean arch of the true endo-skeleton.

Scapular Areh ( fig. 30. 1, 1, 50, 51, 52).

The fourth eranial inverted arch is that which is attached to
the par-occipital ; or to the par-occipital and mastoid; or, as in the
Cod, to the par-occipital and petrosal: or, as in the Shad, to the
par-occipital and basi-oceipital : thus either wholly or in part to the
par-apophysis of the occipital vertebra, of which it is essentially the
hamal arch; it is usually termed the ¢seapular arch. In the Eel
tribe, where it is very feebly developed, and sometimes devoid of any
diverging appendage, it is loosely suspended behind the skull ; and in

13
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of the ribs, or sternal ribs, &c. The modification of the coracoids,
most characteristic of fishes, is the symphysial union of their lower
extremities, like the hasmapophyses of the maxillary and mandibular
arches, either by licament, or dentated suture ; or, as in Plagiostomes,
by cartilaginous confluence. But this mode of closing the inverted
arch seems inevitable in a clags in which a true sternum ¢ hemal
spine’ is absent; and we shall find the same symphysis of the cora-
coids in those fish-like Reptiles, the FEnraliosauria, which are now
extinet.

In the Cod-tribe the pointed upper extremity of the coraceid
( figs. 19. and 30. 52), projects behind the scapula and almost touches
the supra-scapular bone ; below this part a broad angular plate of the
coracoid projects backwards and gives attachment to the radiated
appendage of the arch: the rest of the coracoid bends inwards and
forwards, gradually deereasing to a point, which is connected by
ligament to its fellow, and to the uro-hyal bone. 'T'he inner side of
the coracoid is excavated, and its anterior margin folded inwards and
backwards ; it is continued above into the posterior angular process,
but in the rest of the coracoid it is simply bent upon the inner con-
cavity of the bone, which lodges the origin to the great lateral muscle
of the trunk.

In most fishes the lower end of the arch is completed, as in the
Cod, .by the ligamentous symphysis of the coracoids; but in the
Siluri and Platycephali the coracoids expand below, and are firmly
joined together by a dentated suture. In all fishes they support and
defend the heart, and form the frame, or &ill, against which the oper-
cular and branchiostegal doors shut in closing the great branchial
cavity ; they also give attachment to the aponeurotic diaphragm
dividing the pericardial from the abdominal cavity.

Like the tympano-mandibular and hyoidean arches the scapular
arch supports, in most fishes, a Diverging or radiated Appendage
on each side, '

This appendage consists in Lepidosiren of a single ray : but in
Osseous Fishes it is composed usually, first, of two rarely of three
bones immediately articulated with the coracoid; next, of a series of
from two to six smaller bones; which, lastly, support a series of
spines or jointed rays. These rays in the scapular appendage, or ¢ pec-
toral fin,” are a repetition of the branchiostegal rays in the hyoidean
appendage, and of the opercular rays in the tympanic appendage.
Of the speeial homology of the pectoral fin-rays with the digits of
the pectoral extremity in higher animals, there has been no question.
The vegetative repetition of digits and joints, and the vegetative
‘sameness of form in those multiplied peripheral parts of the fins of

Lt
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interspace of the radius and ulna are separated from the coracoids by
a space oceupied by an aponeurosis ; and in the Wolf-fish the inter-
mediate carpals are almost divided by two opposite notches. The
ulna is perforated in all these fishes. The radius is of enormous size
in the Opal (Lampris) and in the Flying-fish; it is anchylosed with
the coracoid in the Silurus, to give firmer support to its strong ser-
rated pectoral spine. I find both radius and ulna, which are ex-
tremely small, connate with the coracoid in a large Lop/lius ( fig. 40.
54, 55). This condition probably occasioned them to be overlooked
by Geoffroy, whose figure of the bones of the pectoral extremity of
this fish* moreover represents the two long bones of the carpus,
(#b. 56, 56), which he calls ‘radius’ and ¢ ulna’ upside down.

Bones of peetoral fin, Angler { Lophius).

The ossicles called carpals are usually four or five in number, as
in the Cod tribe (fig. 19. 30. 56); they progressively inecrease in
length from the ulnar to the radial side of the carpus, especially in
the Parrot-fish ( Scarus) and the Mullets ( Mugil). They are threein
number and elongated in the Polypterus ( fig. 41. 56), but are reduced
to two in number, and more elongated in the Lophius ( fig. 40.
56); thus they retain in this species and in the Sharks their primi-
tive form of ‘rays,” but change to broad flat bones in the Wolf-fish,
just as the rays of the opercular fin exchange that form in the Pla-
giostomes for broad and flat plates in ordinary Osseous Fishes.

The rays representing the metacarpal and phalangeal bones( fig. 30.
40. 57) are in the Cod twenty in number, and all soft, jointed, and
sometimes bifurcate at the distal end. Their proximal ends are
slightly expanded and overlap each other, but are so articulated as to
permit an oblique divarication of the rays to the extent permitted by
the uniting fin-membrane, the combined effect being a movement of
the fin, like that called the ‘feathering of an oar. Each soft and

* Annales du Muséum, 1807, pl. 20.
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common undivided embryonal bud, which is permanently typified in
the Lepidosiren. Since, however, in all its modifications, the anterior
or pectoral member is essentially, in its widest homological relations,
but the diverging or radiated appendage of the haemal arch of the
oceipital vertebra, we must not be surprised to find that arch retained,
as in the Synbranchi and Mur®nz, where no vestige of its appendage
iz developed.

To the inner side of the upper end of the coracoid there is attached,
in the Cod and Carp, a bony appendage in the form of a single styli-
form rib; but in other fishes this is more frequently composed of two
pieces, as in the Perch. This single or double bone, here called
epi-coracoid ( figs. 19. 40. 58), is slightly expanded at its upper
end in the Cod-tribe, where it is attached by ligament to the inner
side of the angular process of the coracoid: its slender pointed
portion extends downwards and backwards, and terminates freely in
the lateral mass of muscles. In its mode of attachment to the cora-
coid it resembles that of the hyoidean arch to the tympanic pedicle:
but in the Bafrachus its upper extremity rises above the coracoid,
and is directly attached to the spinous process of the atlas. In some
fishes, as the Snipe-fish (Centriscus Seolopaz), the Cock-fish (Arqgy-
reiosus Vomer), the Lancet-fish ( Siganus), it is joined by the lower
end to the corresponding bone of the opposite side, thus completing
an independent inverted arch, behind the scapular arch. There is
some reason, therefore, for viewing the epi-coracoids as representing
the inverted arch of the atlas, or its hmmapophysial portion, and not
as parts or appendages of a eranial vertebra.

The usually free lower extremities of the epi-coracoids, together with
their taking no share in the direct support of the pectoral fin, and
their inconstant existence, oppose more strongly the view of their
special homology with the coracoids of higher Vertebrates. They
have been regarded as advanced ©ossa innominata® by Carus
(xxx1v. p. 125.). To their special homology with the °clavieles’ of
higher classes it has been objected that these bones are always si-
tuated in those classes in advance of the coracoids; but this inverted
position may be a consequence of the backward displacement of the
scapulo-coracoid arch in the air-breathing Vertebrata; and if, not-
withstanding such displacement, we are able to discern the general
homological relations of that arch as the heemal one of the oceipital
vertebra, we may, in like manner, discern in the clavicle a less dis-
placed hsemal arch of the atlantal vertebra.

The epi-coracoids are either absent or are very slender spines in

the Wolf-fish (Anarhichas), the Mullet, the Goby, the Stickleback,
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véritablement trés singulidre, et que le manque absolu de cou, et une
combinaison des pitces du sternum avec celles de la téte pouvoient
seuls rendre possible.” (Annales du Muséwm, 1x. p. 361.)

Oken’s latest idea of the essential nature of the arms and legs is,
that they are no other than ‘liberated ribs:” «Freye Bewegungs-
organe kinnen nichts anderes als frey gewordene Rippen seyn.”
(Lehrbuch der Natur Philosophie, p. 330. 8vo. 1843.)

Carus (I.), in his ingenious endeavours to gain a view of the primary
homologies of the locomotive members, sees in their several joints
repetitions of vertebral bodies (tertiar-wirbel)—— vertebra of the third
degree — a result of an ultimate analysis of a skeleton pushed to the
extent of the term ¢ vertebra’ being made to signify little more than
what an ordinary anatomist would call a ¢ bone.’

But these transcendental analyses sublimate all differences, and de-
finite knowledge of a part escapes through the unwarrantable exten-
sion of the meaning of terms. We have seen, however, that a ver-
tebra is a natural group of bones, that it may be recognised as a pri-
mary division or segment of the endo-skeleton, and that the parts
of that group are definable and recognisable under all their teleolo-
gical modifications, their essential relations and characters appearing
through every adaptive mask.

According to the definition of which a vertebra has seemed to me
to be susceptible, we recognise the centrum, the upper (neural) arch,
the lower (hmmal) arch, and the appendages, diverging or radia-
ting from the hemal arch. The centrum, though the basis, is not less a
part of a vertebra, than are the neurapophyses, hamapophyses, plen-
rapophyses, &ec. ; and each of these parts is a different part from the
other: to call all these parts ‘vertebrae’ is in effect to deny their dif-
ferential and subordinate characters, and to voluntarily abdicate the
power of appreciating and expressing them. The terms ¢ secondary’
or * tertiary vertebra’ cannot, therefore, be correctly applied to the
appendages of that natural segment of the endo-skeleton to which the
term ¢ vertebra ' ought to be restricted.

So likewise the term ‘rib’ may be given to each moiety of the
hemal arch of a vertebra; although I would restrict it to that part
of such arch to which the term ®vertebral rib’ is applied in Com-
parative Anatomy and the term * pars ossea costm ' in Anthropotomy:
but, admitting the wider application of the term ‘rib’ to the whole
hamal arch, yet the bony diverging and backward projecting appen-
dage of such rib or arch is something different from the part support-
ing it.  Arms and legs may be developments of costal appendages,
but cannot be ribs themselves liberated : although liberated ribs may
.perform analogous functions, as in the Serpents and Dragons.
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fishes in the geological formations anterior to the chalk are abdominal,
that is, have the ventral fins near the posterior end of the abdomen #,
we may eonclude that the supporting bones are, essentially, the he-
mapophyses of the last rib-bearing (or pelvie) abdominal vertebra ;
and that the rays are the diverging appendage, but are attached,
like the branchiostegal rays of the hyoidean (parietal hamal) arch,
without the intervention of fewer short and broad bones, homo-
logous with femoral, tibial, tarsal bones, &e. The hemapophysial
portion (pubis) of the pelvic arch is never joined to the pleu-
rapophysial portion (ilium) of the same arch in fishes; but is
suspended more or less freely to other parts, always projecting from
the under or ventral part of the body, but subject to great diversity
of position in relation to the two extremes of the abdomen. On these
differences Linnmus based his primary classification of fishes: he
united together, for example, those fishes which have the pelvie or
ventral fins near the anus, to form the order called ¥ Fisces Abdo-
minales;” those with the ventral fins beneath the pectorals, into an
order called * Pisces Thoracici;” and those with the ventrals in ad-
vance of the pectorals, into an order called  Pisces Jugulares;”
lastly, those fishes in which the ventral fins are absent formed the
order called * Pisces Apodes.” And by this name it will be ob-
served that Linnmus recognised the special homology of the radiated
appendages of the pelvie arch of fishes with the hinder or lower
extremities of the higher classes of animals.

In the Angler (Lophius piscatorius) each pelvie bone is attached to
the under and near the fore part of the long coracoid, expands at the
opposite end, and bends inwards to meet its fellow at a kind of sym-
physis pubis; the fin, supported by six rays with expanded imbricated
bases, diverges from the angle ; and the suspending branch above this
seems to represent an iliac bone. The pubie bones are detached from
the coracoid arch in Abdominal Fishes; the Thoracic character de-
pends upon the peculiar length of those bones, which carries back the
ventral fins to beneath the pectorals. Asthe ventral fins are always the
last to be developed in the embryo abdominal, thoracie, and jugular
fishes, go the apodals may be regarded as analogous to permanent em-
bryo forms of these fishes, in which development has been arrested be-
forearriving at theabdominal stage, and growth has proceeded, in most
cases, to excess in the linear direction ; as is exemplified in the Eel
tribe, where vegetative repetition of a vast number of incomplete

vertebre has taken the place of the perfection of part of a fewer
number of vertebre.

* Apgassiz, Hist. des Poissons, t. 1. p. 105.
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the claws and nails of higher Vertebrata, but which on their first ap-
pearance, in the present highly organised class of fishes, manifest,
like other newly introduced organs, the principle of vegetative repe-
tition, there being three or four horny filaments to each cartilaginous
ungual phalanx.

On the fore part of the coracoid arch, near to the prominence sup-
porting the fin, there are developed a vertical series of small bony
eylindrical nuclei in the substance of the cartilage in most Sharks.
In the Rays the coraco-seapular arch forms an entire eircle or girdle
attached to the dorsal spines: it consists of one continuous cartilage
in the Rhinobates, but in other Rays is divided into coracoid, scapular,
and suprascapular portions, the latter united together by ligament. The
seapula and coracoid expand at their outer ends, where they join each
other by three points, to each of which a cartilage is articulated homo-
logous with the three above described in the Shark, and which imme-
diately sustain the fin-rays. The posterior cartilage answering to
the upper one in the Shark curves backwards and reaches the ventral
fin: the anterior cartilage curves forwards, and its extremity is joined
by the ant-orbital process as it proceeds to be attached to the end of
the rostral cartilage; the middle proximal cartilage is comparatively
short and crescentic, and sustains about a sixth part of the fin-rays,
which are the longest, the rest being supported by the anterior and
posterior carpals, and gradually diminishing in length as they ap-
proach the extremities of those cartilages. In the common Ray there
are upwards of a hundred metacarpo-phalangeal rays in each great
pectoral fin. The longest rays begin after the tenth or eleventh joint
to bifurcate; the shorter ones bifurcate progressively nearer their
origin,

The ventral fin is better developed in the Plagiostomes than in
any other fishes. The supporting arch consists indeed of the same
simple pubic elements, united together by lizament in the middle
line, and loosely suspended in the abdominal walls, but they do not
immediately support the fin-rays. Two intermediate cartilages are
articulated to the expanded outer end of each pubis; the anterior is
the shortest in the Dog-fish, and supports three or four rays; the pos-
terior one is much longer, and supports the remainder of the rays,
fifteen or sixteen in number. To the end of this cartilage likewise
is attached, in the male Plagiostomes and Chimera, the peeuliar ac-
cessary generative organ or clasper.

In the Torpedo the pubie arch sends forwards two processes like
marsupial bones; these processes are longer in an extinet Ray to
which its discoverer Sir P. de M. Grey Egerton has given the name
of ' Cyclobates oligodactylus (xr. p. 225. pl. 5.).

VOL. 11, K






"-,_"H

' DERMAL BONES OF FISHES. 131

eartilaginous basis of the skull oppose the view of its homology with
the basal elements of the cranial vertebrme. With regard to the
upper and lateral osseous plates of the head, they are, as Von Baer
has indicated (111.), the continuation of the series of dermal osseous
plates upon the upper mid-line and sides of the trunk.,

Before, however, applying this instructive condition of the cranium
of the Sturgeon to the elucidation of the nature and homologies of
the bones which still remain to be noticed in the skull of the Cod, I
shall briefly describe the maxillary, mandibular, hyoid, and scapular
haemal arches of the coalesced cranial vertebrz of the Sturgeon.
The first three of these arches are suspended from the tympanic
pedicle ; but this, instead of being a single piece, as in the Plagiostomes
and Lepidosiren, consists of three cartilages, articulated in Accipenser
Ruthenus, according to Miiller, by a small accessory or interarticular
cartilage, with the under part of the mastoid proeess. The three
principal bones deseribe a semicirele, coneave forwards, and answer
respectively to the epi-tympanie ( fig. 43. 25), the meso-tympanic (i),
m), and hypu-tympanic (#b. 28) bones of Osseous Fishes,

g
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Fore-part of endo- and exo-gkeleton of Sturgeon.

The upper jaw, or maxillary arch of Plagiostomes and Lepidosiren,
i3 represented in the Sturgeon by a partly osscous, partly cartila-
ginous, broad arch, in which the centres of ossification have been
three in number on each side, and indicate both by their relative
position, and by the direction in, and extent to, which the bony
fibres have diverged from them, the pre-maxillary, maxillary, and
palatal bones of the Osseous Fishes. The pre-maxillaries (éb. 22)
form the anterior and inferior border of the arch: each bone is a
sub-triangular plate, joined by lizament to its fellow at the middle
ling, trenchant anteriorly, contracted and thickened posteriorly,
whence it rises and extends in the form of an arched process, out-
‘P:rurds and downwards to the outer side of the joint for the lower
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the hypo-tympanics (ib. 28), which are attached principally to the
pterygoid processes and the back part of the cartilaginous joint
of the lower jaw. The mouth of the Sturgeon opens, as in Sharks,
upon the under surface of the head, and is protruded and retracted
chiefly by the movements of the tympanic pedicle, which swings,
like a pendulum, from its point of suspension to the post-orbital
process.

The hyoid arch is also small and simple in the Sturgeon. The
epi-hyal is short and attached to near the upper end of the hypo-
tympanic. The cerato-hyal (#b. 40) of thrice the length, is expanded
above, and is attached by lizgament extending from that part to near
the joint of the lower jaw. The basi-hyal is a short sub-cubical piece :
it gives attachment anteriorly to cerato-hyals, and posteriorly to the
anterior basi-branchial and hypo-branchial eartilages.

The three first branchial arches consist of hypo-branchials, pro-
oressively decreasing in size, of cerato-branchials, epi-branchials, and
pharyngo-branchials : the fourth arch consists of cerato-branchials
and epi-branchials: the fifth arch of cerato-branchials only.

In an old Aeccipenser Sturio I found the tympanie pedicle in two
pieces, and partly ossified. ‘The epi-tympanie was eartilaginous
where it articulated with the post-frontal and mastoid, the osseous
part commencing at a definite transverse plane. This, as it de-
scended, expanded, and reverted to the cartilaginous state, forming a
broad triangular flattened plate, which supported the large opercular
dermal bone: the hypo-tympanie was a simple strong eylindrical car-
tilage, giving attachment to the hyoid near its upper end, and to the
ligaments suspending the palatine and mandibular arches at its lower
end.

The cartilaginous representation of the par-occipital projects
boldly backwards from each angle of the occiput. A triangular
supra-scapular cartilage (¢b. 50) has the angles of its base slightly
produced, one being articulated to the end of the par-occipital, the
other to the ex-occipital region. To the apex is attached the seca-
pulo-coracoid arch (ib. 51, 52), which is completed below, as in Lepi-
dosiren, by ligamentous union, not, as in Sharks, by cartilaginous
confluence. The scapulo-coracoid cartilage expands as it descends,
sends inwards and forwards a broad wedge-shaped plate, and presents
a large perforation at its thick posterior part, answering probably to
the perforated ulna of Osseous Fishes, here confluent with the arch.
The pectoral fin is articulated to the under part of this perforated
projection: the coracoid terminates below by sending inwards and
forwards a broad and thin plate beneath the pericardium, which is
joined by strong aponeurosis to that of the opposite coracoid. There
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supra-cranial movable plates ( fig. 27. 12) are the only bones of the
head of the Lepidosiren which can be referred, with any probability,
to the dermal system. It is plain that the subjacent epicranial plate
( fig. 27. 11) in close connection with the cartilage of the cranium, is
a true part of the endo-skeleton, and is as certainly the homologue
of the mid-frontal, parietal, and supra-occipital bones. In the de-
velopment of the skull of Osseous Fishes it is found, however, that,
whilst the central or basilar, the neurapophysial, and the parapophy-
sial elements of the cranial vertebrz are developed out of a pre-
existing cartilaginous basis, the modified spinous elements, with the
exception of that of the occipital vertebra, are formed by the depo-
sition of the ecaleareous salts in the epicranial membrane; and Dr.
Reichert, apparently not remembering that the ecartilaginous, or in-
termediate histological, change between the primitive membranous
and ultimate osseous stage has been as little recognised in the de-
velopment of the epicranial bones of Man, would reject the parietal
and frontal bones from the system of the endo-skeleton.

To those who may be inclined to support this view, by reference
to the epicranial dermal plates in the species of Sturgeon where their
correspondence with the mid-frontal and parietal bones may be most
easily recognised, it may be rveplied, that the pre-frontals, post-
frontals, mastoids, and supra-ocecipitals, might also be referred to the
exo-skeleton, by a like reference to dermal plates holding the corre-
sponding positions in the Sturgeon’s head : but the skeleton of the
Lepidosiren, with the known relations of the pre-frontals, post-fron-
tals, mastoids, and supra-oceipitals to the primitive cartilaginous basis
of the skull in Osseous Fishes, demonstrate the fallacy of the conelu-
sions as to the dermal origin of the frontals and parietals, based upon
the deceptive analogies of the dermo-cranial plates in the Sturgeon,
and upon the absence or brief duration of the cartilaginous stage in
the ossification of certain expanded spines of the cranial vertebra.
That the homologues of some of the dermal plates in the Sturgeon
are retained in the skull of Osseous Fishes is, however, rendered
extremely probable by the constancy of their relative position, by
their development in a dermal basis, and by their relation to the
dermal mucous eanals,

The accessary bones of the skull in Osseous Fishes, which I regard,
on the above grounds, as appertaining to the exo-skeleton, and which
are more especially connected with the mucous organs of the skin,
are the sub-orbital, the supra-orbital, and the supra-temporal
ossicles. The first sub-orbital bone (fig. 19. 73) is nlways the
largest : it is triangular in the Cod, and covers the side of the muzzle,
extending from the fore part of the orbit to the anterior end of
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parietal, the mastoid, and the pre-opercular, as well as the turbinate,
the sub-orbital, and the supra-temporal bones, offer this modification
of their outer surface. The same correspondence in the pattern of
the exterior markings usually prevails in all these bones, and is very
conspicuous in some fishes; as in the bold net-work and deep depres-
sions of the surface, observable in the Pristipoma and some Sciz@noids;
and in the entirely exposed, enamelled, and shagreened surfice of
the same bones, together with the maxillary arches, in the Polypterus.
This correspondence of exterior character, though it diminishes the
contrast between the endo- and exo-skeleton bones of the skull, does
not destroy their distinction. In certain parts of fishes the endo- and
exo-skeletons are so connected together that we can scarcely find the
boundary line in nature; yet the advantage to the Osteologist of
classifying the multiform subjects of his study according to their
typical characters must not, therefore, be abandoned.

Guided by the skull of the Lepidosiren, and by the light of the
general homology of the opercular bones as diverging appendages of
the tympano-mandibular arch, I consider the pre-opercular, sub-
opercular, and inter-opercular bones to be parts of the endo-skeleton.
The opercular bone is wery constantly represented by the large
dermal plate in the Sturgeon, which M. Arassiz regards as being, with
the supra-scapular dermal plate, an anterior continuation of the
lateral series of dermal scales, There is also a small dermal plate
upon the opercular flap, below the large opercular plate, and which
small plate might be regarded as the homologue of the sub-opercular
bone. All the four opercular bones forming the diverging appendage
of the tympano-mandibular arch were deemed by Cuvier to be
peculiar ichthyic super-additions to the ordinary vertebrate
skeleton; whilst by Spix, Geoffroy, and De Blainville they are
held to be modifications of parts which exist in the endo-skeleton of
other Vertebrata. The learned Professor of Comparative Anatomy in
King's College, who regards this as ‘“ the more philosophical mode of
considering them,” * has briefly stated the homologies proposed by
the supporters of this view, viz. that the opercular bones are gi-
gantic representatives of the ossicles of the ear (Spix, Geoffroy,
Dr. Grantt) : or that they are dismemberments of the lower jaw
(De Blainville, Bojanus), —a view refuted by the discovery of
the complicated structure of the lower jaw in certain fishes, e. g.
Sudis, ( fig. 38.), which likewise possess the opercular bones : thirdly,
that they are parts of the dermal skeleton ; in short, scales modified

* Professor Rymer Jones, General Outline of the Animal Kingdom, 8vo. 1841,
P S04

"t Leetures, Lancet, Jan. 11, 1854, p. 579, ; Outlines of Comp. Anat. p. 64.
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dire aussi que le scapulaire n'est qu'une trés grande écaille de la
partic antérieure des flanes” (xxm. livraison 6me, 1836, tom. iv.
p. 69.). Andhe adds, “ILopinion que j’ai émise i leur égard prouve
que je suis loin d’admettre les rapports que 'on a cru trouver entre
les piitces operculaires et les osselets de Voreille interne” (b, p. 73.).

I apprehend that the idea of the development of the opercular
bones by the successive excretion or deposition of layers, one beneath
the other, according to the mode in which M. Agassiz supposes scales
to be formed, was derived merely from the appearance of the con-
centric lines on the opercular, sub-opercular, and inter-opercular
bones in many Fishes. I have examined the development of the
opercular bone in young (xold-fish and Carp, and I find that it is
effected in precisely the same manner as that of the frontal and pari-
etal bones. The cells which regulate the intus-susception and depo-
sition of the earthy particles make their appearance in the primitive
blastema in successive concentric layers, according to the same law
which presides over the concentric arrangements of the radiated
cells around the medullary eanals in the bones of the higher Verte-
brata : and the term “suceessive deposition,” in the sense of excretion,
is inapplicable to the formation of the opercular bones.

The inter-opercular as well as the pre-opercular bones exist in
the Lepidosiren annectens with all the characters, even to the green
colour, of the rest of the ossified parts of the endo-skeleton: the pre-
opercular as an appendage to the tympanie arch, the inter-opercular
being partly attached to the hyoid arch. Of the supra-scapular there
is no trace in the Lepidosiren ; but in the Sturgeon it plainly exists
(fig. 43. 50) as part of the cartilaginous endo-skeleton, under the
same bifurcate form, and double connection with the cartilaginous
skull, as we have seen it to present in most Osseous Fishes. The large
triangular bony seale (ib. d 50) firmly adheres to its broad, triangular,
flat, outer surface. The epi- and meso-tympanic cartilages (ib. 25, 26)
in like manner expand posteriorly, and give a similar support to the
large opercular seale. Were the supporting cartilages of the oper-
cular and supra-scapular scales to become ossified in the Sturgeon,
they could doubtless become anchylosed to the dermal bony plates,
and bones, truly homologous with the opercular and supra-scapular
in ordinary Osseous Fishes, would thus be composed of parts of the
endo- and exo-skeleton blended together. I cannot, therefore, coneur
with Von Baer in the opinion that the opercular bones are ribs of the
exo-skeleton, nor with Agassiz that both the opercular and supra-
scapular hones are merely modified seales. The supra-seapular bone
is the plenrapophysial element of the occipital arch, i. e. the upper or
first part of the hemal arch of that vertebra, and corresponds  in







DERMAL BONES OF FISHES. 141

same appendage. In some of the earliest introduced fishes on our
planet, e.g. the Cephalaspids of the Old Red Sandstone, the oper-
cular appendages were functionally as well as homologically cephalic
fins, and the only pair of radiated appendages so developed from the
hiemal arches. -

Returning to the consideration of the dermo-skeleton, we find in
the Sturgeon that, besides the cephalic plates, it is represented by
five longitudinal rows of dermal bones, one extending along the mid-
line of the back (fig. 43. ds) already noticed in the elucidation of
the skeleton of the trunk, one along each side of the body (ib. dp), and
two along the lower part of the abdomen, between the pectoral and
ventral fins. The upper lateral series of scale bones is pretty
constant in the exo-skeleton of fishes, and is usually closely related
to the mucous tube and its conduits, which form the go-called ¢ lateral
line’ in this class. The systematic Ichthyologist finds in the wva-
rieties of this line characters for the distinction of genera or species.
The lateral bones, which are either perforated or grooved by its
ducts, are modified scales, and the scales of fishes are more or less
modified dermal bones: they do not belong to the horny or epidermal
system, but lie between the cuticle and cutis, their fore margin di-
rected inwards and lodged somewhat loosely in depressions of the
cutis, and their hind margin outwards, and firmly adherent to the
cuticle, when the development of the scales renders its existence
possible. The scales of the lateral line are commonly more ossified
than those of the rest of the trunk: in the Hel tribe the lateral
mucous ossicles are tubular and concealed by the epiderm. In the
Sole and Plaice the mucous scale bones of the lateral line are quite
superficial. There are many circular radiated ossicles scattered over
the dark or upper side of the skin of the Turbot. A row of small
cheyron-shaped dermal bones extends along the median line of the
belly of the Herring, and the extremity of each lateral process (fig.
23. dk) is connected with that of the long and slender vertebral rib,
completing the inferior arch, like a sternum and sternal ribs. The
Dory has two rows of thick osseous plates along the under part of the
abdomen ; and both this fish and the Herring have been cited as
exceptional examples of fishes with a true sternum.* But the super-
ficial position of the ventral ossicles indicates their essentially dermal
character, and we may regard this as another instance of the con-
nection of the endo- and exo-skeletons in the class of fishes. DParts
analogous to a sternum are thus supplied from the exo-skeleton in
the Herring, as they are from the splanchno-skeleton in the Lamprey

s * Gore's translation of Carus’ Comp. Anat. val. i. p. 117.
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island. In the chalk formations the members of both Ganoids and
Placoids multiply rapidly, and in all the older fossiliferons strata
they exelusively represent the class of fishes. The predominance of
osseous matter deposited in the tegumentary system in these ancient
extinct fishes is not unfrequently accompanied by indications of a
semi-cartilaginous state of the endo-skeleton, like that in the Lepido-
siren of the present day ; the total absence of any trace of vertebral
centres in this fossilised skeleton of the Microdon radiatus (No. 70,
Fossil Fishes, Mus. Coll. Chirurg.), and the vacant tract, where they
should have been, between the bases of the neur- and hama-pophyses
which have been little disturbed ; together with the remains of the
ganoid scale-armour which has kept all the fossilisable parts of the
extinct fish together, show plainly enough that the primitive gela-
tinous chorda dorsalis has been persistent. In not one of the nu-
merous extinet fishes of the Devonian and Silurian systems has a
vertebral centrum been discovered ; but the enamelled dermal osseous
scales and plates are richly developed, and most remarkable for their
beautiful and varied external sculpturing, and often for their great
size. In the Coccosteus they form a broad helmet upon the head,
and a back-plate and breast-plate for the fore part of the trunk, and
have been mistaken for the scutes of a Tryonyx or Mud-tortoise ;
whilst only the peripheral arches and spines of the vertebra of this
fish were osgified, and a great proportion of the cranial vertebre was
eartilaginous. In the still better defended Pterichthys and Pam-
phractus®, which have been mistaken for extinct Crustacea, all the in-
ternal skeleton was soft and perishable, and the earthy salts were ex-
clusively developed in that peripheral skeleton, which forms the sole
calcified defence of the invertebrate classes of animals. It isa striking
and suggestive fact this prevalence of a low and rudimental state of the
endo-skeleton, with an excessive development of the exo-skeleton, in
the fishes of the old Silurian and Devonian strata — the earliest
periods at which Geology teaches that fishes were introduced into this
planet. At the present day the Lepidosiren repeats the low con-
dition of the endo-skeleton, but without the compensating ganoid or
placoid developments of the skin; and the Siluroids combine the
large tuberculated osseous dermal plates with a well ossified internal
skeleton. The existing Sturgeons alone manifest contrasted conditions
of the endo- and exo-skeletons, like those in the ancient Cephalaspids ;
but what is now a rare and exceptional instance of analogy to the

® See M. Agassiz' admirable, philosophical, and splendidly illustrated monoe
graph, “ Sur les Poissons Fossiles du Systéme Devonien,” dto, tab, 24—31.
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fins, and hoth are situated near the end of the tail, which runs into
the upper lobe of an unsymmetrical caudal fin. Now in the embryos
of existing Osscous Fishes these vertical fins are developed from a
single continuous fold of integument, which is extended round the
tail from the dorsal to the ventral surface ; a condition which we shall
see in the tadpoles of Batrachia, and which is persistent in the Eel
and Lepidosiren. The growth of this fold is progressive at certain
parts and checked at others; and where development is active the
supporting dermal rays make their appearance, and the transform-
ation into dorsal, anal, and caudal fins is thus effected. At first the
caudal fin is unequally lobed and the terminal vertebra extend into
the upper and longer lobe ; the dorsals and anals are also, at first,
closely approximated to each other and to the caundal fin. M. Agassiz
has shown that all these embryonic characters were retained in
many of the extinet fishes of the Old Red Sandstone; and the de-
velopment of the caudal fin did not extend in any fish beyond the
heterocercal stage until the preparation of the earth's surface® had
advanced to that stage which is called jurassic or oolitic in geology.
(xxm. fase. Sur le Systéme Devonien.)

Teleology of the Skeleton of Fishes.— Thus far the osteology of
Fishes has been considered chiefly from a homological point of
view, and I have aimed at relieving the dryness of descriptive de-
tail, and at connecting the multifarious particulars of this difficult
part of Comparative Anatomy in natural order, so as to be easily
retained in the memory, by referring to the relations which the
skeletons of Fishes bear to the general plan of Vertebrate organisa-
tion, and by indicating their analogies to transitory states of the
embryo skeleton in higher animals, and to those answerabie conditions
of the mature skeleton which, in longer lapse of time, have successively
prevailed and passed away in the generations of species that have left
their remains in the superimposed strata of the earth’s erust.

To determine the parts of the Vertebrate skeleton which are mos
constant; to trace their general, serial, and special homologies,
under all the various modifications by which they are adapted to the
several modes and spheres and grades of existence of the different
species, should be the great aim of osteological science ; as being that
which will reduce its facts to the most natural order, and their ex-
pusit.i-::n to the simplest expressions. It is impossible, in pursuing the
requisite comparisons upwards through the higher organised classes,
not to recognmse the close and interesting analogies between the
mature states and forms of ichthyic organs, and the embryonic condi-

* #The sea is His, and He made it and iz hands prepared the dry land.” —
Ps. xev. £

YOL. IT. I,
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The predaceous Sharks are the most active and vigorous of fishes ;
like the birds of prey they soar, as it were, in the upper reg_iuns of
their atmosphere, and, without any aid from a modified I'Efpll'ﬂt'}r.'f
apparatus, devoid of an air-bladder, they habitually maintain them-
selves near the surface of the sea, by the actions of their large and
museular fins. The gristly skeleton is in prospective harmony with
this mode and sphere of life, and we shall subsequently find as well
marked modifications of the digestive and other systems of the shark,
by which the body is rendered as light, and the space which
encroaches on the muscular system as small, as might be compatible
with those actions. Besides, lightness, toughness and elasticity are
the qualities of the skeleton most essential to the shark : to yield to
the contraction of the lateral inflectors, and aid in the recoil, are the
functions which the spine is mainly required to fulfil in the act of
locomotion, and to which its alternating elastic balls of fluid, and
semi-ossified bi-concave vertebre, so admirably adapt it. To have
had their entire skeleton consolidated and loaded with earthy matter
would have been an encumbrance altogether at variance with the
offices which the sharks are appointed to fulfil in the economy of the
great deep.

Yet there are some who would shut out by easily comprehended
but quite gratuitous systems of progressive transmutation and self-
creative forces, the soul-expanding appreciations of the final pur-
poses of the fecund varieties of the animal structures by which we
are drawn nearer to the great First Cause. They see nothing more in
this modification of the skeleton, which is so beautifully adapted to the
exigencies of the highest organised of fishes, than a foreshowing of
the cartilaginous condition of the reptilian embryo in an enormous
tadpole, arrested at an incomplete stage of typical development. But
they have been deceived by the common name given to the Plagio-
stomous fishes : the animal basis of the shark’s skeleton is not cartilage ;
it is not that eonsolidated jelly which forms the basis of the bones of
higher Vertebrates : it has more resemblance to mucus; it requires
1000 times its weight of boiling water for its solution, and is neither
precipitated by infusion of galls, nor yields any gelatine upon
evaporation.

In like manner the modifications of the dermal skeleton of fishes
have been viewed too exelusively in a retrospective relation with the
prevalent character of the skeleton of the Invertebrate animals.
Doubtless it is in the lowest class of Vertebrata that the exaniples of
great and exclusive development of the exo-skeleton are most nume-
- rous; but some anatomists, in their zeal to trace the serial progression

of animal forms, seem to have lost gight of all the vertebrate instances
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by the hypothesis of transmuted Crustacea. Some have gone so far
as to affirm, that in all those solid parts that cover and shield the
exterior of the body of the sturgeon and analogous fishes, “there is
nothing in the least analogous to any part of the internal articulated
skeleton of Vertebrata,” but that “it is entirely a remnant of the
superficial shells of Invertebrata.” (xxvin p.337.) You would
hardly suppose from these exaggerated expressions, that both ganoid
and placoid plates are as richly organised and permeated by nutrient
vessels as the bones within ; and that they present the same micro-
seopie structure as the ossified parts of the endo-skeleton, which they
serve to protect. I have proved this with regard to the existing
Lepidosteus, and the extinct Lepidotus. (v. p.14.) Drs. Peters
and Miiller have shown the osseous rayed corpuscles in the scales of
Polypterus and other Ganoids. Nay, many of the ganoid fishes have
these modified bony scales articulated in regular series by a kind of
gomphosis, like the pegs and sockets by which the tiles of a roof are
linked together, The dermal bones which form the carapace of the
Armadillo have the same cellulo-reticulate interior structure as the
carpal, tarsal, or other bones of the endo-skeleton not excavated by
a medullary cavity. This is well demonstrated in the dermal bones
of the great extinct Glyptodons. *

The great proportion of the primitive eartilage which is retained
in the gkull of many of the Osseous Fishes, the Salmon and Pike, for
example, and the greater proportion of the animal to the earthy
matter in all the bones, their coarse texture, the radiating fibres of
the flat cranial bones, and the general absence of dentated sutures,
are all persistent characters in Osseous Fishes, which remind the An-
thropotomist of transitional ones in the human feetus ; but the light
of teleology demonstrates the perfection of such, so termed embryonic,
conditions, in relation to the atmosphere and movements of the Fish.
It is generally in fresh-water abdominal Fishes that the semi-osseous
condition of the skull is found, and the diminution of the quantity of
heavy earthy particles may be connected with the less dense quality
of their medium, as compared with sea-water, and with the usually
more posterior position of the ventral fins.

In reference to the analogies to the form of a fish, we may be re-
minded that the head of the human embryo is {Iiapmpﬂrtinnntﬂly large.
True: but the head of a fish must needs be large to meet and over-
come the resistance of the fluid, in the mode most favourable for rapid
progression: it must therefore grow with the growth of the fish.

* M. de Blainville, in the * Généralités Ostéologiques,” prefixed to his great
y Dniuagrnpllm.-." admits that the structure of the dermal bones has a certain re-
!}mnlzrlm:lf:ﬂ with that of true bones; but errs in stating, “avee cette dilférenco
tmportante, qu'elle n'est jumais celluleuse et reticulée.” 4to. 1839, p. 12.
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remind the homologist of their condition in the imperfectly developed
gkull of the embryos of higher animals; but this condition is especi-
ally subservient to the peculiar and extensive movements of the jaws,
and of the bones connected with the hyoid and branchial apparatus.

Not any of the limbs, properly so called, of Fishes, are prehensile ;
the mouth may be propelled and guided by them to the food, but the
act of prehension must be performed entirely by the jaws. Hence in
many fishes both upper and lower maxillary bones enjoy movements
of protraction and retraction, as well as of opening and shutting. The
firm connections of the upper jaw, and wedged fixity of the bone
suspending the under jaw, which characterise the higher Reptiles and
Mammals, would be imperfections in the Fish ; in which, therefore,
such characters are not only absent, but special development in the
opposite direction, not unfrequently, goes so far as to produce the
most admirable mechanical adjustments of the maxillary apparatus,
compensating for the absence of hands and arms like those which
have been exemplified in the instance of the Epibulus insidiator
(p. 108. fig. 37.).

We must guard ourselves, however, from inferring absolute
superiority of structure from apparent complexity. The lower
Jaw of fishes might at first view seem more complex than that of
man, because it consists of a greater number of pieces, each ramus
being composed of two or three, and sometimes more separate bones.
But, by parity of reasoning, the dental system of that jaw might be
regarded as more complex, becaunse it supports often three times, or
ten times, perhaps fifty times the number of teeth which are found in
the human jaw. We here perceive, however, only an illustration of
the law of vegetative repetition as the character of inferior organ-
isms ; and we may view in the same light the multiplication of pieces
- of which the supporting pedicle of the jaw is composed in Fishes.
But the great size and the double glenoid or trochlear articulation of
that pedicle, are developments beyond, and in advance of the condi-
tion of the bones supporting the lower jaw in Mammalia, and relate
both to the increase of the capacity of the mouth in Fishes for the
lodgment of the great hyoid and branchial apparatus, and to the
support of the opercula or doors which open and close the branchial
chambers. The division of the long tympanic pedicle of Osseous
Fishes into several partly overlapping pieces adds to its strength, and by
permitting a slight elastic bending of the whole diminishes the liability
to fracture. The enormous size, moreover, of the tympano-mandibular
arch, and of its diverging appendages, contributes to ensure that pro-
portion of the head to the trunk which is best adapted for the pro-

gressive motion of the fish through the water. But without the
L 4
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cation of the branchial arches in connection with the transitory
manifestation of cartilaginous branchial arches in the larve of the
Batrachia : this is one of those similarities that has led to the meta-
phorical expressions of “ gigantic tadpoles,” as applied to fishes.
But we see how admirably the branchial arches are adapted to the
aquatic respiration of the fish, by their advance to a grade of deve-
lopment, which they are never destined to attain in the frog.
Observe their firm ossification, their elastic joints, the sieve-like
valves developed from the side next to the mouth, pre-arranged with
the utmost complexity and nicety of adjustment to prevent the entry
of any particles of food or other irritating matters into the inter-
space of the tender, highly vascular, and sensitive gills. Observe,
also, how the last pair of these arches is reduced to the capacity of
the pharynx which it surrounds, how it is thickened in order to
support teeth of multiform character, according to the nature of the
food ; in short, converted into an accessory pair of jaws, and the
most important of the two. In no other Vertebrate Animals is the
mouth provided with maxillary instruments at both fore and hind
apertures: in no other part of the ichthyic organisation is the special
divergence from any conceivable progressive scale of ascending
structure culminating in Man so plainly marked as in this.

All writers on Animal Mechanics have shown how admirably the
whole form of the fish is adapted to the element in which it lives
and moves: the viscera are packed in a small compass, in a cavity
brought forwards close to the head ; and whilst the consequent abro-
gation of the neck gives the advantage of a more fixed and resisting
connection of the head to the trunk, a greater proportion of the trunk
behind is left free for the development and allocation of the muscular
masses which are to move the tail. In the caudal, which is usually

~ the longest, portion of the trunk, transverse processes cease to be

developed, whilst dermal and intercalary spines shoot out from the
middle line above and below, and give the vertically extended, com-
pressed form, most efficient for the lateral strokes, by the rapid alter-
nation of which the fish is propelled forwards in the diagonal, be-
tween the direction of those forees. The advantage of the bi-concave
form of vertebra with intervening elastic capsules of gelatinous fluid,
in effecting a combination of the resilient with the muscular power,
ig still more obvious in the Bony Fishes than in the Shark.

You may be reminded that all the vertebrs of the trunk are dis-
tinet from one another at one stage of the quadruped’s development,
as in the fish throughout life; and you might suppose that the
absence of that development and confluence of certain vertebra
near the tail, to form a sacrum, was a mark of inferiority in fishes.
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may live. You may witness the tactile action of the pectoral fins
when gold fish are transferred to a strange vessel: their eyes are so
placed as to prevent their seeing what is below them; so they compress
their air-bladder, and allow themselves to sink near the bottom, which
they sweep as it were, by rapid and delicate vibrations of the pectoral
fins, apparently ascertaining that no sharp stone or stick projects up-
wards, which might injure them in their rapid movements round their
prison. If the pectorals are to perform a special office of exploration
certain digits are liberated from the web, and are specially endowed
with nervous power for a finer sense of touch, as we see in the gur-
nards, where they compensate for the loss of the tactile property con-
sequent on the hard covering of the exterior of the mouth in these
mailed-cheeked fishes (Joues cuirassées, Cav.)

Certain Lophicids living on sand-banks that are left dry at low
water, are enabled to hop after the retreating tide by a special
prolongation of the carpal joint of the pectoral fin, which fin in these
“frog-fishes’ projects like the limb of a terrestrial quadruped and
presents two distinet segments clear of the trunk.

The sharks, whose form of body and strength of tail enable them
to swim near the surface of the ocean, are further adapted for this
sphere of activity and compensated for the absence of an air-bladder
by the large proportional size and strength of their pectoral fins,
which take a greater share in their active and varied evolutions than
they can do in ordinary fishes.

The flat-bodied Rays, equally devoid of an air-bladder, and with a
long and slender tail, deprived of its ordinary propelling powers,
grovel at the bottom ; but have a still greater development of the
hands, which surpass in breadth the whole trunk, and reaect with
greater force upon it in raising it from the bottom, by virtue of a
speeial modification of the seapular arch, which is directly attached to
the dorsal vertebrae.

Nor is the pectoral member restricted in length where its office, in
subserviency to the special exigencies of the fish, demands a develop-
ment in that direction ; the fingers of the Exocetus or Dactylopterus,
are as long, and the web which they sustain as broad, as in the ex-
panded wing of the flying mammal. Everywhere, whatever re-
semblance or analogy we may perceive in the ichthyic modifications
of the Vertebrate skeleton to the lower forms or the embryos of the
higher classes, we shall find such analogies to be the result of special
adaptations for the purpose or function for which that part of the fish
is designed.

The ventral fins or homologues of the hind-legs are still more
rudimental — still more embryonie, having in view the compari-
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fins upon the sides, two single fins upon the back, and one upon the
belly, or rather between the belly and the tail. The balancing use :?['
these organs is proved in this manner. Of the large-headed ﬁsh., if
you cut off the pectoral fins, that is the pair which lies elose behind
the gills, the head falls prone to the bottom; if the right pectoral fin
only be cut off, the fish leans to that side; if the ventral fin on the
same side be cut away then it loses its equilibrium entirely; if the
dorsal and anal fins be cut off, the fish reels to the right and left:
when the fish dies, that is, when the fins cease to play, the belly turns
upwards. The use of the same parts for motion is seen in the follow-
ing observation upen them when put into action. The pectoral, and
more particularly the ventral fins, serve to raise and depress the fishs
when the fish desires to have a retrograde motion, a stroke forward
with the pectoral fin effectually produces it ; if the fish desire to turn
either way, a single blow with the tail the opposite way sends it
round at once ; if the tail strike both ways, the motion produced by
the double lash is progressive, and enables the fish to dart forwards
with an astonishing welocity. The result is not only in some cases
the most rapid, but in all cases the most gentle, pliant, easy, animal
motion with which we are acquainted. However, when the tail is
cut off, the fish loses all motion, and it gives itself up to where the
water impels it. The rest of the fins, therefore, so far as respects
motion, seem to be merely subsidiary to this. In their mechanical
use the anal fin may be reckoned the keel ; the ventral fins outrigzers ;
the pectoral fins the oars; and if there be any similitude between
these parts of a boat and a fish, observe that it is not the resemblance
of imitation, but the likeness which arises from applying similar
mechanical means to the same purpose.” (xL1 p. 257.)%

* See also Carlisle Phil. Trans. 1806, p. 3.







159

‘s ‘12fnyuafopyag saspaog  Csnuelof ‘WEQHIN $p 1SR FEAN <
{maxxx) "snuvfuf
‘(mngossad $0) UIASEIP pAGuIGAF NSO ‘ag/upog £3p paypuaddnyy
("A%XX]) “UIESOH Jo iy Biyag Lason ¢
*glaqia] Aq PAITIPIL SN PO SY) JO PEay a7 JO Sa0q M SrEnnuy audpy ,
O] SIULI U LA PUR JSTAN]y Ju , FUOESI0] 5ap SJE0I81EH yeaad ag jo sapepd ayy ug
POEIIPUL 4% ] 27 O Pedt] a4 Jo SH0q 2t YIIa Aq REACEN ay) ads ML 5
ryq1om Juasasd ay) Inoyinosy sansy
DY U PITEDIPUI OJ¥ Prat 91 JO SUOQ DY UM 0 SISO 93 aau esad, o

ssrefog ‘g "mNEaH (Hosof0r gy SIUelof ‘MagHIN SIp PIRUNERED vy
gnuuog "uaytoly-Furaynnr  CujjIsgy upQEuanyas §ap TEIRUIAL) oy
*QyiE0] "ITELIASURI] 80 5

+mnayaedimd] g0 , 10 “spargl vl wngespenb 5o, pajR auoq
an) o] ‘rapEups hﬂ.ﬂﬂﬁ__m.ﬂ uaaq Lpsnopasad pey, aagEpINEQIaIUl , WEEY S, 1
Qs oy jo jaud sw padedIar 0N o
IS MRS g

“OpIEnY pUE SROEMOH SMRAM0IROTT 6
*SUELOE ‘enioL gD RPN o

*AMIE[Of] (LRI DIFLT) o

SYNONYMS OF THE BONES OF THE HEAD OF FISHES.

‘uapqesInEquamary | - - - edy-oss0n ‘qq | "aS;sonoueaq voley | “SE .Hmmm_.mni_m:ﬁm—_ “Fir
‘upquaguny | - = - apro _
‘pruamside | -Ly,[ ap sdiop | aprody so [ ap anandy | GE Eiyoin) | EF
*E[ELLIDYS 59907) - - ‘lenSui 5| C1F EAy-osso[n) | & |
‘Tediojer apep safe _ |
-an) pue [eAyody [-toua[d a7, | -imup seopd smuag | OGS Teky-seq | I |
‘uafoq-uafuny - = - Clewamsod Apy .“...;Eu_.s_ -ajuxgye] aopid m..._nEEm..:_ 85 eiyoesa) | O |
Japo wot-uaiuny - = - ‘[etaa}s-0 A ] atpueagy | | aperye] aapid apuwisy | *Lg ‘edyidsy | 68 |
utag aproy _
-SUNE[Ig SIp TEIEHUD | - - - ‘[edy-opfag | 5o, ap aproj1g apoffig | 65 eyojfig | can _
YNSRI PUALLA Y UDLISTAY -mnnazadosagu eI "q1 amosado-aoquy | g | -remasadosswuy | g |
ONISPYIIPUAWATHINU[] ‘wnnaadogng ‘[Easu] qr a|nosado-snog | "G wepnadadogng | og _
Hon3s m
-[PyoapuAmaTY  YaruaSugy swnnatad Esdeg "I anematad) | "HE aemasadg | g |
ezodmag _
np aprojiys
HINIS[AYOIPUIATHIO A i masadoas, ‘euedumd T, asdydody amaiado-p13 | 0B awnatadoasy | #&
*SIAJAIAD3U[] SIP YINISUET "a[eIuAP 5() ‘[EIuapgNY 1 AU | HE frequacy | ‘g
‘[EIRwoAqNg "I aamnasad() | CLs ‘[Eadg “ ‘1
..ma“._ﬁhu_ﬁ._u.ﬂ_ﬂw q1 du....n__.m:fq O .Hm*_...u:a... _ 08 |
a1 amnduwang | - - JRMETHNG | PG5
-IP{IMU[] sap Yonisjualas) BIENIIE 50 ‘[EAEmgNg q1 | MUY | 6§ aENAIMY | 65
-s10y] “tingnaponb _
g1 URAAUAlAn 1aun apednf-opeapenh sp [ea1fr000d LRy | 0 10 ‘DaaEd 5() ‘[ednpl 95 smvduyod{yy | 55
iy |
g AMR0UY Frunojuaqraag snuajsod mnapiofiiag g ‘eppfyoondey | g0 o fassie) ‘puedmiy | LE smwdwlaLg | I8
[uap e |
sysony Fuuojapan ‘wnayaadmis s [ELLIa8-04]] .__umnmmE,h.ﬁ anbnoapdwdg | 18 -ouedm&osa]e | 9
‘mng “
¢ U UARG axaqQ | -tuedudy s mmuipenhb s MLy | uMIpIoISEIY modway, | ‘65 wedwadyg | eq
(‘mpsoy) Panguiagay] | “mawexs wnaplodfing ‘sndpy a1 ostasuvsl, | 45 ‘pofiiog | #E |
g [PInguRqay aLjup) | wnuzmul wnaprodiieg *[essR «q | *ouaagur uaprodam | ¢s | Cprofiamdojury | g







-

WF._.... e

161

SYNONYMS OF THE BOXES OF THE HEAD OF FISIIES.

"RINAIIAA TEI] JO YIIE [EumEy ajots ot ‘ospe Smpnion se died ai) 10 e1qaysaa reydaao a5 §0 TINLUDD PAGIPOM 213 Seajs enen |
*S]|NEAL BT JO INIA0L NEULIIUL ST o] we) 2HIE ‘SUCTIEIIEN]] 313 J0 JOITE] JNIEEIE 81

pue “dmayie oy U1 pajedjjuec sured puE [Pz ) JO JUNOIIE WO FIINIINIIS [RUILE JO adi) EjuaEEpUng S U0 N0 S1U3 WO 8

-maxa ‘saueq [EINE Ay jo sapfojomoy [EIgeMna Ayl jo uonpsodxs peupdpo sy g flogp urt
(po d Cpaxx JULLO ) "EIEKI0A [FIUELD JO Apog +

‘Y a0a Juasaad Sy In0L;

uouds eyl wjefang o3 paanpu] caaq aaeyg [ §

(*xpxx() “deays sy Jo ynys aq1 £q pegyd

0 &g papunodoad asomy g saafe fasop snuefog Jo SUCHEOIIAG &1,
0L PATESIPUL 94T P @i} JO 500G 33 Y2y S SEROUITN i) S2E S5, .

I b i R}
FosrErmpay|d-jdoy :H“_nu SR [T 6 ponuLalapan | fsnsaey  ‘enay C‘wigp Caniweg ‘PP ) wasiydodeway | -0g 65
saddpanagasime ] 14p
pRg-rasns arq0 g eddujapedgasg _w ey _
o dap juawgpny  crn ceddpuagasiaz nn - *ATEIgas] (S]] £ pAUIULIApU) +gagdydodemapd gr—oy |
“ uuw __.,__En_m___wﬁnn.w.munb h_ﬂ _"m i1 WA NP MNAANU} DEFLUY e 1ae) £0) L] &
~UAISIME " J9p @YINISUAYINA I G
"MCE ] sp
uaejdpunad wiaqo P usBungEIE Sapae s | ORI GG A NP XN sagvpndess 1010E) 50) ‘pAnTHLIAIIpIL] sasfydodessd 51
AL s 1L Fep mrrpdyaag “RAaMaA WP np s ‘Mg }94 snsoupds snEgadoLg ' EYEEACFUEOT “aupds it
b uu;:..:ﬁa: ‘DIGIHIDA QWD A | NP XAELID] | "ENE “}EA [FIOARNEL] STISFA001] “ayon s g -yeg *sasfydodesnan 01
SR [IPELRDS T[] Sap JadinX|Saan AL JRAAIAA DU A | TP [ES A0 “ae[110] argejaes sndion) P LIRS PE ) “WINLUEd “Juedg | 6
UL nas ‘pipay paqaaay (0O vaga1a2y ) PAGAIN-YIR | CDIGANIL JEPNOA
gapaRspasadua-sydoy
sIp nuwnﬂnwhﬂnﬂm apauayad E..._...____nﬂ..__ - - - - - ; -_.._ “afepuadde w.._mm._.v:___. B |
“Jadiny=g. - plosa 01y = £ : LFEC *auds e “Er—T1F |
“pddp-aprasaliugy 13p :E:E:u_ﬁ - - TENAID SPNUALIB BHY |4 -maxyx)  spepdEeo .M “gasdgdode awy | oree
-addi-apamaBusy Jap (Byuayanyg 3 - - = n3E A WIGNINA aNI00 *sasdydodeinay HE
IS
-agpRay s:] sep axpnsuafien siaho | tasqpida WIRpA TP XNELD] TR N SE) - - *sagfydodend 8 e
"W, " 1dA
‘AL CYE CIT sap uajedgoagy "BufpseA aurg g np xnepd | momds snssanoad  vipau saeg *EIERIIO LT s A S
*MCF I FAp agarasuafiog | CeaqRiaes SWgA T NP Xoeply | apg c14ea [SIRASURLY STIESA00L] aonIsusFog *gagdndodiemnan G i
"R{M]ALM[APRIDE (] 9P Jdagy (A | JR0RReA Sy np R |ads ‘EPUNDIFE WIGEIBA Snd107) HITHEPUNI L) =Y 3HLYIS “WITLEYUED "IB ] | "¢
ErpopaLaod “{ DrLOiD, i ) = _
FIE ‘HPURIAE DAGIAD ] DAGAER] ) PIQMNINEYIT b a8 i e 4 _
WESOQIINAL 1P PR e - - — ‘safrpuadde Fudsaarp =0
: IR S BT w prLam .M “@IOTION) STIEITWAIXS VS w. el s g0 “sasfupdoduwa -S|
uaddgaspery nam ikt aaqg | 9 $u0a 5E pasfifoons joN i " "0 | { souoq se pasufooss Jo .E__,.._w_unﬂi_u -6 ‘g
"R a4 TR0
AL 'S ] ap uapiupdspap aaaqnpy | 0203304 omp]] A np Xnwpdsyg | -jde snegedodd sadorigl hﬂnﬁ_ PRI pI sasiydodered ¥
@y A
"M g ] Rap uanudyaap a1aq0) BARMGA Bl A np Edy | Roupds snegadosd E_.mwn_ LXTR | R LR ELT LT Ty ~amyds 5
*5\ 3 °[ $9p Uj ! ..E.HU.EEJ_Q._.._:EE.F DINPISASUPL A NP XOREADRT | W] 3404 [FIBASURL] $NEEAS0L] *ayanIsualioq “saskgdodeanau i
EIELETE
MDE (] Edp (ROLpMIENIDTY, (g eL 4 "SRG MBA W] r _
=g Adaagt[]]) aelioy|eqi Ay JOp0 UDqpUnD) | B QLA 59D Xhugoin ~mmiad smigaisas endion ._#M._..n.-ﬂ:..:n.—u_"ﬂ “mmayued dPpan | -1 | o2
- f (e - |
kipoppaon nas ‘virad 0400434 | eyan DUGILAT 4 ) 1PGANIY) DA OO ﬁ T“
| | =
§r(EREl "1} EnuYD) (FERT “AIX) AOHAL0AL) (G181 ‘1) X4 ${R181 MAXXX) saNvrog “(EFRL “AIIX) KAMO & B0 *m

SHIOOTONOH TVHIANTD HEal 0L DRIC¥0IDY ‘SHHSI 40 QVIH anL 40 SNOF 3IHT 40

SIWANONAS
e ——————————=













E

M I
SEEIT s
TILH |

1]

“
L
1
i
]







MUSCULAR SYSTEM OF FISHES. 167

its proper muscles, which rise from the sustaining hyoidean arch.
A more constant and important muscle rises from the operculum and
suboperculum, and attaches itself to the inner surface of the branchi-
ostegal rays, expanding over the whole membrane of the branchial
chamber, and the more completely as the chamber becomes more
circumscribed, and its outlet smaller. In the Lepidosiren the homo-
logous muscle rises not only from the suboperculum but from the
ramus of the jaw, and, meeting its fellow along a median raphé
beneath the head and hyoid arch, represents the ‘mylo-hyoideus’*
The muscular investment of the branchial chamber of the Torpedo
(45. r) receives a fasciculus
from the scapula, and sends
another (ib. o) forwards to the
cranium, from which the con-
strictor of the electric battery
4 is continued.

In most osseous fishes there
is a decussating pair of
muscles (depressores branchi-
ostegorum) which rise from
the base of one ceratohyal,
and are inserted into the lower
branchiostegals of the oppo-
site side.

The levator and abductor
muscle (44, 5) of the pectoral
fin rises from the coracoid,
and descends obliquely to its
insertion by distinct fasciculi
into the bases of the fin-rays:
the depressor and abductor ()
of the pectoral is deeper seated, and usually rises from the radius;
it ascends to its insertion. There are two posterior or adductor
muscles, whose fibres are oblique and decussate, but in opposite di-
rections to the abduetors, and tending also, in separate action, to
raise or depress the fin. There are small special musecles in most
fishes for divaricating the fin rays. The muscles of the pectoral fin
are well developed in sharks; enormously so in the skate and
torpedo, where the horizontal position of the fin involves further
modifications. In fig. 45, the letter s shows the ¢ levator pectoralis,’
and ¢ the upper radiated muscle of the digits.

Muscles and Electric Batteriesof the Torpeds. Carus-

* xxxmi, p. 358, pl. 24, fig, 4. a.
M 4
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along the interspaces of the dorsal fins in the Cod: similar muscles
extend from the last dorsal to the caudal fin (u) in the Perch; and
“infra-carinales’ (v) extend from the anal to the caudal along the keel
of the tail. In the Gymnotus the supra-carinales form a single pair,
which extends from the occiput to the end of the tail. The mo-
dified cranio-dermal spines, which constitute the oval sucking-disc of
the Remora, have a complex series of minute muscles, which raise or
depress the transverse lattice-work ; and thus become the means of
aiving the little feeble fish all the advantage of the rapid course of
the whale or the ship to which it may have attached itself. The
muscular and membranous webs of the coalesced pectorals and
ventrals of the Lump-fish, form a sucker on the opposite surface of
the body, by which it may safely anchor itself to the rock, in the
midst of the turbulent surf or storm-tossed breaker.

The muscles of the gills, the eyeball, the air-bladder, and other
special organs will be deseribed with the parts they move,

The muscular tissue (myonine) of fishes is usnally colourless, often
opaline, or yellowish ; white when boiled : the muscles of the pectoral
fins of the Sturgeon and Shark are, however, deeper coloured than
the others ; and most of the muscles of the Tunny are red, like those
of the warm-blooded classes. The want of colour relates to the com-
paratively small proportion of red blood ecirculated through the
muscular system™ ; and to the smaller proportion of red-particles in
the blood of fishes: the exceptions cited seem to depend on increased
circulation with great energy of action ; and, in the Bonito and Tunny,
with a greater quantity of blood and a higher temperature t than in
other fishes. The deep orange colour of the flesh of the Salmon and
Char depends on a peculiar oil diffused through the cellular sheaths
of the fibres. The muscular fasciculi of Fishes are usually short and
simple : and very rarely converge to be inserted by tendinous chords.}
The proportion of myonine is greater in fishes than in other Ver-
tebrata; the irritability of its fibres is considerable, and is long
retained. Fishermen take advantage of thizs property, and induce
rigid muscular contraction, long after the usual signs of life have
disappeared, by transverse cuts and immersion of the muscles in eold
water: this operation, by which the firmness and specific gravity of
the muscular tissue are increased, is called ¢ crimping,’

There are many and great modifications of the muscular system of
Fishes, especially in the aberrant orders at the two extremes of the
class: Carus has illustrated some of these in the Plagiostomes (Xrun

* xuvur pp. 4. 16. T $ xuix. p. 3.
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nation with the retractores pubis, tend to compress the abilomen, to
constrict the anus, and to depress the tail.

The musecles of the pectoral fins, though, compared with those of
the homologous members in higher vertebrates, they are very small,
few, and simple, yet suffice for all the requisite movements of the
fins; elevating, depressing, advancing, and again laying them prone
and flat, by an oblique stroke, upon the sides of the body. The rays
or digits of both pectorals and ventrals, as well as those of 1ﬁ;he
median fins, can be divaricated and approximated, the int-::r!feu}mg
webs spread out or folded up, and the extent of surface required
to react upon the ambient medium in each change and degree of
motion, can be duly regulated at pleasure.

LECTURE VIIL

NERYOUS SYSTEM OF FISHES.

Tae neural axis is a simple continuous chord in the TLancelet
(Branchiostoma, fig. 46, md.), of opaline sub-transparency, ductile

Diagram of Anatomy of the Lancelet, Braxchiosfoma.

and elastic, flattened, composed entirely of nucleated cells * showing
a feeble indication of a median linear arrangement, which becomes
more general and distinet at the anterior end, where the axis becomes
cylindrical and terminates obtusely : the nerves, trigeminal (of), and
optic (op), in connection with this slightly modified part of the axis,
indicate it to be the brain. This is the most simple persistent con-
dition of the central organs of the nervous system known in the
vertebrate sub-kingdom: it is typified by that of the Entozoa in the
articulate sub-kingdom, In all other Fishes the fore part of the
neural axis receives the vagal, trigeminal, and special-sense nerves,

* Prof. Goodsir, Ixxxix.
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pair of spinal nerves. The absence of this gmligliun 1’11‘l:he Shark
shows that it relates not to the strength of the tail but to its form, as
depending on the concentration and coalescence of the
terminal vertebre; except, indeed, where such meta-
morphosis is extreme, as, € Z. in Orthagoriscus molua,
and where it affects the entire condition of the myelon,
which has shrunk into a short, conical, and, according
to Arsaki (Lo tab. iii. fig. 10.), cangliated appendage
to the encephalon. A like singular modification, but
without the ganglionic structure, obtains in Tetrodon
and Diodon, in a species of which latter genus I found
the myelon ( fig. 47. ».) only four lines long in a fish
of seven inches in length, and measuring three inches
across the head. The neural canal in these Plee-
tognathic fishes is chiefly occupied by a long ‘cauda
equina’ (ib e. e). But, insignificant as the myelon
here seems, it is something more than merely unre-
_ solved nerve fibres: transverse white strie are dis-
Brain and Mye. Cernible in it, with grey matter, showing it to be a
'“T'L;ﬂ'?f:_"' centre of nervous foree, not a mere conductor. In the
Lophius a long cauda equina partly conceals a short
myelon which terminates in a point at about the twelfth vertebra :
in other fishes the myelon is very nearly or quite co-extensive with
the neural canal, and there is no canda equina, or bundle of nerve
roots, in the canal : a tendinous thread sometimes ties the terminal
ganglion to the end of the canal.

A shallow longitudinal fissure divides the ventral surface, and
a deeper one the dorsal surface, of the myelon, into equal moieties :
a feeble longitudinal lateral impression (Sturgeon) subdivides these
into dorsal and ventral columns : in other fishes (Cod, Herring) these
_are separated by a lateral tract, and six columns or chords may be
distinguished in the myelon; two dorsal or sensory, two ventral or
motory ; and two lateral or restiform tracts. A minute cylindrical
canal extends from the fourth ventricle, beneath (ventrad of)) the
bottom of the dorsal fissure, along the entire myelon; this canal
i8 not exposed in the recent fish by merely divaricating the dorsal
columns. Both lateral halves of the myelon have grey matter in
their interior, and white transverse strim. Although many fishes
(Bream, Dorsk) show a slight enlargement at each junction of the
nerve roots with the myelon, the anatomical student will look in vain
in the recent Kel, or Lump-fish, for that ganglionic structure of the
myelon which the deseriptions of Cuvier® might lead liim to expect.

* xxun iope 8283 xun. i pe 176,
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the nodulus slightly swells above, and obliterates the ¢ calamus
seriptorius.” In the Lucioperca the vagal lobes are not very dis-
tinct, but they mark the commencement, and form the broadest part,
of the very long medulla oblongata, the restiform tracts diminishing
in size as they advance. In no other Vertebrata save fishes are the
vagal lobes and the nodulus present.

The posterior pyramids, which are the encephalic continuation of
the posterior myelonal columns, diverging as they are pushed aside
by the deeper-seated tracts that form the floor of the fourth ventricle,
and combining with the lateral columns to form the corpus resti-
forme and the basis of the vagal lobes, quit those columns to
converge, ascend, and unite together above the anterior opening of
the fourth ventricle : they there form either a simple bridge or com-
missure ( fig. 54. ©), or are developed upwards and backwards into a
ganglionic mass, over-arching the ventricle ; this mass is the ‘cere-
bellum * ( figs. 47—53. ¢). It iz formed chiefly by the post-pyramidal
columnsg, but doubtless derives some share of the proper lateral or
restiform fibres, as the result of the previous confluence of these with
the post-pyramids.

The cerebellum retains its earliest embryonie form of a simple
commissural bridge or fold in the parasitic suctorial Cyclostomes,
in the heavily laden ganoid Polypterus *, and in the almost fin-
less Lepidosiren ( fig. 54. ¢) f; it attains its highest development,
in the present class, in the Sharks, where it not only covers the
fourth ventricle, but advances over the optic lobes, and in the Saw-
fish extends beyond them to rest upon the cerebrum: its surface is
further extended in these active predaceous fishes by numerous trans-
verse folds ( fig. 55. ¢). In most osseous fishes the cerebellum is
a smooth convex body; hemispheroid
(pl. 50. ¢), or transversely subelliptic
(Iel), or longitudinally subelliptic (Lepi-
dosteus, fig.49. ¢), or an oblong body
(Diodon, fig. 47. ¢), or it is depressed and
tongue-shaped (Cod), or oval, or pyra-
midal (Perch): it is very rarely found
extending forwards, as in Fehineis and
Amblyopsis speleust ( fig. 50. ¢), over any

. part of the optic lobes; but often back-
Lﬁﬂﬂﬂﬂ" "‘;,“:;:;',? aet wards over the whole fourth ventriele, as

in the Cod, the Diodon ; or over the major
part of the ventricle, as in the Herring, the Eel; but sometimes
covering only a small portion, as in the Lump-fish, the Lepidosteus,

* xxv. p. 24, pl. 1. figs 5. 7. T xxxnn p, 859, pl. 27,
t See Dr. Wyman's excellent description of this fish, in txxxvi
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Loach and Herring ( fig. 52. i), and also in the Sturgeon and Chi-
meera, where they are closely connected witha thick vascular mass of
pin mater and arachnoid. The trigeminal lobes are large in the
Skate; enormous and blended with the vagal lobes in the Torpedo :
but in most Osseous Fishes (Lepidosteus, Cod,) they are not developed
50 as to merit the name of lobes, In the Cod the inner surfaces of
the restiform bodies project into the fourth ventricle, and obliterate
the fore partof the ¢ calamus’ by meeting above it; this commissure,
which is beneath the cerebellum, T call the ¢ commissura restiformis ;”
it is remarkably developed in the Carcharias, where it seems to
form a small supplemental cerebellum beneath the large normal one,
(fig. 55.1).* 1In figure 48. the medulla oblongata is cut across,
the fourth ventricle exposed from behind, and the restiform com-
missure, /, is raised : it has an anterior and posterior median notch.

The primary division of the brain, which consists of the medulla
oblongata with the cerebellum and other less constant appendages in
Fishes, is called the ‘epencephalon:’ it is relatively larger, occupies
a greater proportion of the cranium, and is more complex and diver-
sified in this than in any of the higher classes of Vertebrata.

The next succeeding primary division of the brain, is called the
“mesencephalon : ” it is usually the largest division in Osseous Fishes,
and consists of two upper spheroidal bodies, called © optic lobes 't (0),
of two lower subspherical bodies, called ¢ hypoaria’} (n), with inter-
vening connecting walls enclosing a cavity, called the ° third ventricle,’
which is prolonged downwards into the pedicle of the “hypophysis’ or
pituitary gland ( p), and upwards into that of the ¢ conarium’ or pineal
gland (w). The prepyramidal columns are continued forwards, along
the floor of the fourth ventricle, where they are covered by a thin
layer of medullary fibres, to the hypoaria and prosencephalon ; some
fibres blending with the wall of the third ventricle and the base of the
optic lobes. The transverse ‘ansulate’ commissure, which unites
or crosses the prepyramids before they penetrate the hypoaria, is
very obvious in the Sturgeon and Perch, where it is figured by
Gottsche (Lvin pl. iv., fig. 7. {): it may be regarded as the most
anterior of the arciform filaments, which feebly represent the pons
Varolii in fishes. The restiform columns are expended chiefly in
forming the walls of the third ventricle and the base and exterior

* The medullary lamina which Valentin deseribes as crossing the posterior point
of the calamus in the Chimamra, may be the homologue of the restiform commissure.
Miiller's Archiv, 28, tab, 2, fig. 8, 0.

T ¢ Lobes ereux,’ Cuvier, xxu i, p. 310. But the cerebellum and hypoaria are like-
wise ‘hollow lobes," and the prosencephala are hollow in the Lepidosiren and Sharks.

{ ¢ Lobes inféricurs,’ ib,

f YOL. II. N
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or Plagiostome fishes. External to these tubercles the floor of the
ventricle usually rises into a curved eminence with its convexity
outwards: this is the ‘torus semicircularis’ of Haller * ( fig. 52. w.)
In the Carp, where the great physiologist first described and named
them, they are large, and much curved : in general the ‘tori’ describe
only a small portion of a circle; and in some bony fish, as the Gar-
pike, Loach, and Lump-fish, they are scarcely raised above the
level of the floor of the ventricle. They are not developed in the Po-
plyterus, the Lepidosiren or the higher Plagiostomes; and both tori
and globuli are peculiar ichthyic developments in the ventricles of the
optic lobes. The bottom of the optie ventricle anterior and external
to the tori, is grey, and usually prominent ( fig. 52. v), with white
fibres radiating through it to rise and expand upon the walls of the
lobes. The optie lobes have almost coaleseed in the Polypterus, Lepi-
dosiren, Amblyopsis, Eel, and Loach ( Cobitis). Where they appear
distinet externally, as in most osseous fishes, they are brought into
mutual communication by one or two commissures, besides the so-
called ‘corpus callosum ;' the anterior °commissura transversa’ is
shown in the Herring ( ffg. 52. s); it crosses in front of the entry to
the third ventricle. T

In the Myxine and Lepidosiren
the prepyramidal fibres curve sud-
denly forwards and upwards be-
fore expanding into the floor and
sides of the third wventricle, and
they thus form a small protube-
rance beneath the basis of the
optic lobes ( fig. 54. #). In the
Shark the same columns swell
out laterally and form two small
protuberances ( fig. 55. n), separated below by the vascular (hypo-
physial) floor of the third ventricle. In most osseous fishes the
corresponding fibres of the prepyramidal tracts swell out suddenly,
beneath the optic lobes, into two protuberant well-defined oval

Optic ventricles ;
Herring.

Base of brain; Cod.

seE

. x LEX. t o p. 201, It is analogous to, but not, as Gottsche supposes, homolo-
gous with, the ‘thalamus opticus ' of the Mammalian brain. Ttis neither analogous
to nor homologous with the ¢ corpus striatum.’

1: Cuvier .nﬂirma (xxnn t. i, p. 816.) that this “necessarily answers to the an-
terior commissure of the cerebrum ;" but it has only a remote analogy with it, in
g0 far as the mechanism of the whole mesencephalon of Osseous Fishes resembles
that of the cerebrum in Mammals, whilst the true homology of the mesencephalon
does not extend beyond the parts immediately surrounding the third ventricle and
the ‘iter * to the fourth in the Mammalian cerebrum.

' N 2
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tricle; the base expanding from between the anterior interspace of
the optic lobes, and the apex directed forwards and attached to the
roof of the cranium. Some medullary matter mingles with the mem-
branous walls of the conarium in the Clupeoid and Cyprinoid Fishes :
in some fishes there is grey matter in the conarium: in most it is
membranous only, as in the Lepidosiren, Sturgeon, and Shark : in all
it is highly vascular. Inthe Bream the conarium shows an analogous
peculiarity to that of the hypophysis in the Angler, viz., in the
length and tenuity of its attachment; but this consists of two distinct
erura. The value of the constancy of the hypophysis and conarium
eonsists chiefly in their marking the boundary line between the mes-
and pros-encephala, although they belong to the mesencephalon and
are both essentially vertical prolongations of the third ventricle
through an interspace produced by the divarication of the main
lateral columns of the encephalon.®

The fasciculi continued forwards from the parietes of the third
ventricle or mesencephalic basis, are principally those which may be
traced back thromgh the epencephalon to the anterior and lateral
myelonal tracts, augmented by fibrez from the grey centres or lobes
through which they have passed, and retaining a small admixture of
post-pyramidal fibres from the optie septum ( fig. 53, ».). In Osseous
Fishes the two cerebral erura, so constituted, rarely undergo any
enlargement, homologous with the ¢thalami,’ where they form the
anterior boundary of the third ventricle ; but after a very brief course,
as ¢ erura cerebri,” radiate into two small subspherical ¢ prosencephalic’
masses T of grey matter ( fig. 53.».), situated anterior to the optic lobes,
and there in great part terminate. A few of the medullary fibres
extend along the base of the prosencephalon, receive a small tract of
its grey matter, converge to the anterior interspace of its lobes, and
either expand there into ‘rhinencephala * ( figs. 49, 50. )., or are

- continued forwards and outwards, as ‘ rhinencephalic crura’ ( figs. 47.

* Is this vertieal slit homologous with the encephalic ring perforated by the
wsophagus in Invertebrata ?

1 Influenced by the inapplicability of the term ®hemispheres® to parts which
are more commonly spheres or spheroids, and to avoid misconception by those
who attach to the word ¢ cerebrum’ the idea of the whole brain minus ¢ cerebellum’
and ¢medulla oblongata,’ or who may restrict the term *cercbral hemispheres® to
the super-imposed masses of the lateral ventricles in higher Vertebrata, I shall
apply the term ¢prosencephalon’ to the constant division of the brain in question,
and prosencephalic lobes or prosencephala to its commonly distinet moieties, It
is unfortunate for the student of anatomy that, in his introduction to the
science by the human structure, he should become acquainted with these parts of
the brain under the name of *hemispheres,’ as if they were two halves of an essen-
tially spherical whole or single organ. In most Vertebrata the homologous parts

are presented to our view under a form more agreeable to their true duplex nature,
w3
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equals the cerebellum in size, but is less than the optic lobes in the Perch
and Bream ; it equals the optic lobes, but is less than the cerebellum in
the Eel; in the Stickleback and Gurnard the prosencephalon exceeds the
cerebellum ; still more so in the Lepidosteus, but is less than the optic
lobes ; in the Lucioperea, the Amblyopsis, and the Skate, neither the
cerebellum nor the optic lobes are so large as the prosencephalon ; in
the large Sharks their united size scarcely equals that of the prosen-
cephalon ; and in the Salamandroid Polypterus and the Lepidosiren
the prosencephalic lobes surpass all the rest of the brain, and manifest
their true cerebral character and importance. In the Amblyopsis the
relative magnitude of the prosencephalon is due to the diminution of
the optic lobes in that blind fish ; in the Plagiostomes it is due to
absolute development; as it is, also, in the Polypterns and Lepido-
siren, where the prosencephalon presents the closest similarity in
form and structure to that division of the brain in the Batrachian
Reptiles; each lobe, for example, is elongated in the axis of the
skull, and is of a subcompressed oval form, and has a large ¢lateral
ventricle’ in its interior in the Lepidosiren ( fig. 54. lv.) In the Skate
the prosencephala coalesce into a subdepressed transversely elongated
mass, their essential distinction being indicated by a mere superficial
medianfissure; in the Carcharias
(fig. 55.v.), the prosencephalon
forms an almost globular mass,
with scarcely a trace of a median
fissure. Amongst bony fishes

E__gé the prosencephalic lobes are

more or less confluent in Lucio-
perea sandra, Trachinus draco,
Sargus, Mullus, Scomber tra-
chinus, Belone, Clupea harengus, and Clupea sprattus ; they appear as
. distinet symmetrical spheroids in most other fishes, their union being
reduced to a small transverse medullary band (prosencephalic com-
missure, fig. 52. y *). The symmetrical character of the prosence-
phala, as of the optic lobes, is wanting in most Plewronectide.

The grey vascular neurine forms the greatest part of the prosence-
phalon in most osseous fishes ; the white fibres radiate into this
substance, and rarely appear on any part of the exterior surface; the
white neurine, however, predominates in the Plagiostomes and Lepido-
siren. Asa rule, the prosencephalic lobes are solid ; but the preparation
of the brain of Carcharias (No.1310, A.) shows a deep ventricular fis-
sureat theanterior and under partof the prosencephalon, with avascular

Brain of Shark, Carcharias.

" Carus well recognises the homology of this commissure with that of the corpus

0]

striatum, called “anterior commissure’ in the human brain (. p 24.).
i N 4
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respective differences of structure will be readily appreciated : the
crus is a compact tract of medullary with a small proportion of grey
matter; the nerve is a bundle of nerve filaments: the medullary
tract of the erus is fibrous, but the fibres are as fine as in the crus
cerebri, and much more numerous and less easily separable than in
the true olfactory nerve: in this there is no grey tract ; it consists
wholly of comparatively large and readily separable white fibres,
which radiate at once upon the olfactory capsule: the divergence
and radiation of the true end of the olfactory nerve is well seen in
the Lepidosiren ( fig. 54. 1. ol.). In the Sharks a ventricle is continued
to each rhinencephalon along its erus from the prosencephalon. The
olfactory nerve never forms a ganglion before spreading upon the
olfactory capsule: the rhinencephalic crus, when prolonged to the
capsule, always expands into a ‘tuberculum olfactorium,” or rhinen-
cephalon, before it transmits the true olfactory nerves to the cap-
sule. In other words, the olfactory nerve conveys impressions to a
proper centre or lobe, which in fishes may be situated close to the
eapsule, or close to the rest of the brain, and the length of its crus
will be inversely as that of the nerve. To say, with Cuvier, that
¢ the ganglion of the olfactory nerve is sometimes at its beginning,
and sometimes at its end ” (t. iii. xxnr. p. 146.), or that it occurs “in
the course of the olfactory nerve, at a greater or less distance from
the hemispheres” (xxviL. p. 227.), is, in fact, to deny the marked ana-
tomical difference between the crus and the nerve proper; and to
overlook the serial homology of the rhinencephalic erura with those
of the prosencephalon. The olfactory lobes or rhinencephala them-
selves are serially homologous with the optic lobes. As to the pro-
sencephalon, since this does not immediately receive or transmit any
nerve, it resembles in this important character the cerebellum, and
proceeds, even in the present class, to be developed to a degree
. beyond that of the ganglions of any nerves or organs of sense.

The more special homology of the prosencephalic lobes, under
their normal proportions and solid structure in Osseous Fishes, with
the parts of the complex and fully developed prosencephalon in
Mammalia, will be made manifest as we trace the progress of that
complication synthetically. Cuvier had already, by the opposite
course of analysis, reduced the hemispheres in birds to the ¢ corpora
gtriata,” with their commissures and a thin supra-ventricular cover-
ing. “Le corps cannelé,” he says, “ forme & lui seul presque tout
Phemisphere.” (Legons d’Anat. Comp. t.ii. 1799, p. 162.) But he
failed altogether to recognise the homology of the prosencephala in
Fishes. Since Arsaki’s time their homology with the cerebral lobes
of Reptiles, Birds, and Mammals has been generally recognised.
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developed and enormous eyes, we might, perhaps, gain some insight
into the office of the peculiar complexities of their large optic lobes :
without such experience, we can at best only indulge in vague
conjecture from the analogy of our own sensations. We find, when
Nature reduces the organs of sight to such minute specks as can
give but a feeble idea of the presence of light, sufficient, perhaps, to
warn the Amblyopsis to retreat to the darker recesses of its sub-
terranean abode, that the optic lobes are not reduced in the same
proportion, but retain a form and size, which, as compared with
their homologues in other animals, are sufficiently remarkable to
suggest a function over and above that of receiving the impressions
of visual spectra, and forming the ideas consequent thereon.

The anatomical condition of the prosencephalon, and its homology
with the hemispheres of the bird’s brain experimented on by M.
Flourens (Lx1v.), would lead to the belief that it was in this division
of the fish's brain that impressions become sensations, and that here
was the seat of distinet and tenable ideas: of such, for example, as
teach the fish its safest lurking-places, and give it that degree of
caution and discernment which requires the skill of the practised
angler to overmatch. If different parts of the prosencephalon were
special seats or organs of different psychical phenomena, such phe-
nomena are sufficiently diversified in the class of Fishes, and are so
energetically and exclusively manifested, as to justify the expectation,
on that physiological hypothesis, of corresponding modifications in
the form and development of the homologues of the cerebral hemi-
spheres. Some species as, for example, the Shark and Pike, are pre-
datory and ferocious: some, asthe Angler and the Skate, are crafty :
some, as the Sword-fish and Stickleback, are combative: some, as
the Carp and Barbel, are peaceful, timid browsers: many fishes are
social, especially at the season of oviposition : a few are monogamous
and copulate ; still fewer nidificate and incubate their ova.

Now, if we compare the prosencephala of the Shark and Pike,
fishes equally sanguinary and insatiable, alike unsoeciable, the tyrants
respectively of the sea and lake, we find that those parts of the brain
can hardly differ more in shape, in relative size, or in structure, in
any two fishes. The prosencephalon of the Pike iz less than the
cerebellum, much less than the optic lobes; in the Shark it exceeds
in size all the rest of the brain; in the Pike, the prosencephalon
consists of two distinct lobes brought into communication only by a
slender transverse commissure ; in the Shark, the hemispheres are
indistinguishably blended into one large subglobular mass. If we
compare the prosencephala of the Pike with those of the Carp, we
find them narrow in the devourer, broad in the prey.
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in the Plagiostomi it is reduced to a few thin shining aponeurotic
bands closely adherent to the inner surface of the cartilaginous walls
of the cranium and spinal canal; such traces of dura mater are more
feeble and indistinet in Osseous Fishes, in which no proper continu-
ous fibrous membrane can be distinguished from the inner periosteum
of the walls of the cerebro-spinal cavity : no eurtains of dura mater
divide the cerebral from the acoustic compartments of the cranium in
the Osseous Fishes,

KERVES.

The head is short and obtuse in the embryo fish; the ganglionic
centres of the olfactory nerves are always originally developed in
close contiguity with the prosencephalon ; they govern the develop-
ment of the rhinencephalic arch; and, as this advances in the elonga-
tion of the skull, and recedes from the prosencephalic arch, either the
brain is co-elongated, the rhinencephalon retaining its primitive relation
with its vertebra, and the prolonged crura occupying the narrow
interorbital tract of the cranial cavity; or, the rhinencephalon
retains its primitive juxtaposition with the prosencephalon, and the
olfactory nerves are prolonged through the interorbital space, per-
forate or traverse a notch in the prefrontals, and expand, as a resolved
plexus, upon the pituitary plicated sae.

The rhinencephalon accompanies its vertebra and recedes from the
rest of the brain in Salme, Cyprinus proper, Brama, Tinca, Gadus,
Lota, Hippoglossus, Clupea, Belone, Lucioperca, Cobitis, the Plectog-
nathi, and Plagiostomi ; it retains its primitive contiguity with the
prosencephalon in Perca, Scomber, Esox, Pleuronectes, Blennius,
Anguilla, Cyclopterus, Gasterosteus, Eperlanus, Leuciscus, Cottus,
Trigla, Amblyopsis, Echeneis, the Ganoidei and Lepidosiren. The
condition of this difference would be an interesting subject of enquiry.
~ As the crus of the rhinencephalon is formed not only of fibres con-

tinued from the prosencephalon, but also, and in some fishes chiefly,
of distinet white and grey tracts traceable along the base of the
mesencephalon, in part as far back as the prepyramidal bodies, so the
origin of the olfactory nerve has been described as characterised by the
same complexity and extent; and it is true that in some instances,
where the rhinencephalon is in contact with the prosencephalon, a
small portion of the true olfactory nerve may be distinetly traced,
e. g. in the Perch, backwards as far as the mesencephalon : Just as we
find in some fishes, Sturgeon, e. g., a portion of the optic nerve trace-
able as far back as the cerebellum, and in the Eel to the hypoaria,
and not exclusively terminating in the optic lobe. Most of the cha-
racteristics of origin and course attributed in works of Comparative
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the Fel the nerves form, after decussation, a very acute angle in the
axis of the body : in the Lump-fish they form an obtuse open angle.

Since there are no muscles of the eyeball in the Lancelet, the
Myxinoids, the Amblyopsis, and the Lepidosiren, there are no motory
nerves of the orbit. In the Lamprey a small third nerve and a fourth
nerve, which are closely connected where they quit the cranium,
again separate, the one to supply the rectus superior and rectus
internus, the other the obliquus superior ; the filaments supplying
the other muscles of the eyeball cannot be separated from the fifth pair.
In all other fishes the sixth or abducent nerve has its proper origin,
as well as the fourth and third. The third, or oculo-motorius, ( fig. 53.
55. 8.) rises from the base of the mesencephalon, behind the hypoaria, or
from the commissura ansulata ; it eseapes through the orbito-sphenoid
(Carp), or the unossified membrane beneath it (Cod), and is distri-
buted constantly to the recti superior, inferior, and internus, and to
the obliquus inferior: it also sends filaments into the eyeball; the ciliary
stem, or a branch of it, usnally uniting with a branch of the fifth
nerve, and sometimes, as in the Mackerel, Gar-pike, and Lump-fish,
developing a small ciliary ganglion at the point of communication.

The fourth nerve, or trochlearis, rises from the back of the base
of the optic lobes, between these and the cerebellum: it escapes
either through the orbito-sphenoid (Carp), or the contignous mem-
brane (Cod), and is constantly and exclusively distributed to the
superior oblique eye-muscle.

The sixth, or abducent, nerve (fig. 53. 6) rises from the prepyra-
midal tracts of the medulla oblongata, beneath the fifth, and, in most
Osseous Fishes, by two roots, as figured by Mr. Swan (vrv. pl. viii.
fig. 2), in the Cod. It usually closely adheres to the ganglionic origin
of the fifth; in the Carp and Lump-fish it receives a filament from
the sympathetic, before its final distribution to the rectus externus:
it escapes by the foramen or anterior notch of the alisphenoid, in
advance of the fifth nerve.

This nerve, the trigeminal (fig. 53. 55. 5), enormous in all Fishes,
from the Lancelet to the Lepidosiren, rises, often by two or more
roots, from the restiform, or from the anterior angle between the
olivary and restiform tracts; in some fishes ( Clupeide, 52, 1. Cyprinid «)
from a special ganglion or enlargement of that part of the medulla
oblongata: in afew (Conger, Lump-fish) by a smaller origin resolved
into several roots. The trigeminus shows well its spinal (myelonal)
character in Fishes, but its double root is more deeply buried in the
medulla oblongata. In Cottus, Blennius, Cobitis, and Leuweiseus, the
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NERVOUS SYSTEM OF FISHES. 209

The largest (fig. 30. 16”) is an oval or round flattened body, striated
and indented at the margins ; convex, and sometimes grooved ( Ephip-
pus), on one side, more or less excavated on the other. The smaller
otolite is less regular in its shape: there are often two of these.
Each semicircular canal rises by an ampulliform end ( /ig. 58. e, f; g)
from the ‘alveus communis,’ (@) and communicates, by the opposite
end, either with another camal, or with the vestibule separately,
without previous dilatation: two of the canals are sub-vertical in
their course, and are anterior (e) and posterior (g) in relative posi-
tion : the third canal (f) is external and horizontal. A septum is
continued across the ampulla from the line where the division of the
acoustic nerve enters : a large proportion of the nerve expands upon
the sac of the otolites. All the parts of the labyrinth are of large
size ; yet the compartments of the otocrane which the semicireular
canals traverse “ are much too wide for them, and they are supported
in these passages by a very fine cellular membrane.” *

The Chimzere and Sturgeons resemble the bony fishes in the form
and position of the labyrinth. The otolites are a hard chalky sub-
stance in the Lepidosiren; in which fish, as well as in the Plagio-
stomes, the whole labyrinth is buried in the thick basi-lateral walls of
the cranium : in both the cartilaginous capsule conforms more closely
in gize and configuration tothe membranous labyrinth ; its passages
and compartments are lined by a delicate perichondrium, from which
filaments are detached to support the semicireular canals. The vesti-
bule is divided in the Skate and Tope into three compartments, —the
‘alveus communis’ ( fig. 59. a); the sac (ilx &) and the cysticule (ib. ¢),
and it has also a small emeal appendage, ealled the € utricule’ (ib. d) : the
otolitic contents are like soft chalk, and are disposed in two masses ; one
very large, occupying the sac and the cysticule, the other small, and
lodged in the utricule. A canal extends in Sharks from the vesti-

S bular capsule to a foramen at the upper part
Ny of the occiput, which is closed by the skin.

In the Rays, besides this ‘fenestra capsule’
(ib. #), a membranous canal (ib. o, p) is pro-
duced from the vestibule itself, and, as Hunter
. well deseribes, “from the union of the two
| perpendicular canals ( fig. 59. p); which is
the case with all the Ray kind, the external
orifice being small, and placed on the upper
flat surface of the head.” So minute and

Organ of Hearing, Sk *
N Bresehets, ¢ approximated are these ¢outer ears,’t that

* Hunter, v, iii, p. 101.
t Ib. p. 389, pl. xaxiii, fig. 1. Hunter’s original memoir « On the Organ of

YOL. 11. r







NERVOUS SYSTEM OF FISHES. 211

bree enumerated at p. 102., as entering into the formationof the cham-

" ber of the acoustic organ. In the Herring a tubular prolongation of the
fore part of the air-bladder advances to the basi-occipital, and bifur-
cates ; each branch penetrates the side of the base of the skull, again
bifurcates, and terminates in two blind saes, which are in contact with
similar cmeal processes of the labyrinth. In the Holocentrum and
Sargus, cmeal processes of the swim-bladder also diverge, to attach
themselves to the membrane closing the part of the otocrane con-
taining the sac of the great otolite.

In Osseous Fishes the sonorous vibrations of their liquid element is
communicated by the medium of the solid parts of their body, and in
some species, also, through the vibrations of the air in the air-bladder,
to the liquid contents of the labyrinth. In the Plagiostomous Fishes
the resonance in the walls of their cartilaginous cranium is less
than in the bony skull of ordinary fishes; but the labyrinth is
wholly inclosed in the cartilage; and a further compensation is
made by the prolongation of its chamber to the surface of the body
in some, and by a similar prolongation of the membranous labyrinth
itself in others. The position of the external orifices on the top of
the head in the Skate tribe, may relate to the commonly prone position
of these flat fishes at the bottom of the sea. Professor Miiller con-
cludes, from his experiments, *that the air-bladder in fishes, in
addition to other uses, serves the purpose of increasing by resonance
the intensity of the sonorous undulations communicated from water
to the body of the fish.”* The vibrations thus communicated to the
peri- and endo-lymph of the labyrinth are doubtless made to beat
more strongly upon the delicate extremities of the acoustie nerve, in
osseous fishes, by their effect upon the suspended otolites: and it will
be observed, that the chief portions of the nerve expand upon those
chambers of the vestibule, which contain the otolites. The large size
of the organ of hearing, and especially that of the hard otolites, also
relate to the medium through which the sonorous vibrations are pro-
pagated to the fish, and to the mode in which they are transmitted
to the organ; in like manner as the eyeballs are expanded, in order
to take in the utmost possible amount of light. The contracted en-
cephalon harmonises with and suffices for the sensations and volitions,
and the simple series of ideas daily repeated in the monotonous ex-
istence of the scaled inhabitants of the waters. To say that the fish’s
ears and eyes were made enormous in order to strike strongly on its dull
brain — that the development of the organs of sense has been exag-
gerated to compensate for the defective size of their nervous centres
— implies a want of due appreciation of the beautiful adjustment of the

* Lxxmr. p. 1245.
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DENTAL SYSTEM OF FISHES. 291

the Wrasse (Labrus, V, pl. 45. fig. 4.). Sometimes the hemispheric
teeth are so numerous, and spread over so broad a surface, as to
mgemh}e a Paqement, {Cﬁrympkiyﬁ" 11;"., PL 45, .ﬁ-g-i‘. B 6; and Pi.m-:im,
pl. 47. fig. 3.); or they may be so small, as well as numerous (dentes
graniformes), as to give a granulated surface to the part of the
mouth to which they are attached (premaxillaries of Labrus, V,
pl. 45. fig.1.). A progressive increase of the transverse over the
vertical diameter may be traced in the molar teeth of different fishes,
and sometimes in those of the same individual, as in Labrus (V, pl. 45.
JSig. 4) and Placodus (V, pl. 30.), until the cylindrical form is exchanged
for that of the depressed plate. Such dental plates (dentes lamelli-
formes) may be found, not only circular, but elliptical, oval, semilunar,
sigmoid, oblong, and even, as above-mentioned, square, hexagonal,
pentagonal, or triangular; and the grinding surface presents as
various and beautiful kinds of seulpturing. The broadest and thinnest
lamelliform teeth are those that form the complex grinding tubercle of
the Diodon (V, pl. 38. fig. 2.). The front teeth of the Flounder and
Sargus present the form of compressed plates, at least in the crown,
and are true ‘ dentes incisive” Numerous wedge-shaped dental plates
(dentes cuneati) are set vertically in the pharyngeal bones of the
Parrot-fish ( Searus, V, pl. 51.). A thin lamella, slightly curved like
a finger-nail, is the singular form of tooth in an extinet genus of fishes,
which I have thence called Petalodus (V, pl.22. figs. 3, 4, 5.)
Sometimes the incisive form of tooth is notched in the middle of the
cutting edge, as in Sargus unimaculatus (V, pl. 1. fig. 9.). Sometimes
the edge of the crown is trilobate (Aplodactylus, ib. fig. 10.). Some-
times it is made quinquelobate by a double notch on each side of the
large middle lobe (Boops, ib. fig. 11.). In the formidable Sea-pike
( Sphyrena Barracuda, V, pl. 53.) the crown of each tooth, large and
small, is produced into a compressed and sharp point, and resembles a
lancet. Sometimes the edges of such lancet-shaped teeth are finely

- serrated, as in Priodon (V, pl. 1. fig. 12.), and the great Sharks of the
genus Carcharias, the fossil teeth of which indicate a species ( Carch.
Megalodon) sixty or seventy feet in length.

The lancet is changed for the stronger spear-shaped tooth in the
Sharks of the genus Lamna, and in the allied great extinet Otodus,
as in the small Porbeagle, similarly shaped, but stronger, piercing
and cutting teeth were accompanied by one or more aACCessory com-
pressed cusps on each side their base, like the Malay crease.

With respect to situation, the teeth, in Sharks and Rays, are limited
to the bones (maxillary and mandibular), which form the anterior
aperture of the mouth: in the Carp and other Cyprinoids the teeth
are confined to the bones which circumscribe the posterior aperture
of the mouth, viz. the pharyngeals and basi-occipital. The Wrasses
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tooth to be bent outwards beyond the vertical position, but yield to
pressure in the contrary direction, by which the point of the tooth
may be directed towards the back of the mouth: the instant, how-
ever, that the pressure is remitted, the tooth returns through the
elasticity of the bent lignments, as by the action of a spring, into its
usual erect position : the deglutition of the prey of this voracious fish
is thus facilitated, and its escape prevented. The broad and generally
bifurcate bony base of the teeth of Sharks is attached by ligament to
the semi-ossified erust of the cartilaginous jaws; but they have no
power of erecting or depressing the teeth at will. The small and
closely crowded teeth of Rays are also connected by ligaments to the
subjacent maxillary and mandibular membranes. The broad tesselated
teeth of the Myliobates have their attached surface longitudinally
' grooved to afford them better hold-fast, and the sides of the contiguous
teeth are articulated together by serrated or finely undulating sutures
(V, pl. 27.), a structure unique in dental organisation. The teeth of
the Sphyrena are examples of the ordinary implantation in sockets,
with the addition of a slight anchylosis of the base of the fully-formed
tooth with the alveolar parietes ; and the compressed rostral teeth of the
Saw-fish are deeply implanted in sockets : the hind margin of their
base is grooved, and a corresponding ridge from the back part of the
socket fits into the groove, and gives additional fixation to the tooth.
Some implanted teeth in the present class have their hollow base
further supported, like the claws of the feline tribe, upon a bony
process arising from the base of the socket: the incisors of the Ba-
listes, e. g., afford an example of this double or reciprocal gomphosis.
In fact, the whole of this part of the organisation of fishes is replete
with beautiful instances of design, and instructive illustrations of
animal mechanics. The vertical section of a pharyngeal jaw and
teeth of the Wrasse ( Labrus) would afford the architect a model of a
dome of unusual strength, and so supported as to relieve from pressure
- the floor of a vaulted chamber beneath. The base of the domeshaped
tooth is slightly contracted, and is implanted in a shallow circular
cavity ; the rounded margin of which is adapted to a circular groove
in the contracted part of the base; the margin of the tooth which
immediately transmits the pressure of the bone is strengthened by
an inwardly projecting convex ridge, The masonry of this inner
buttress, and of the domé itself, is composed of hollow columns, every
one of which is placed so as best to resist or transmit in the due di-
rection the external pressure. The floor of the alveolus is thus re-
lieved from the office of sustaining the tooth: it forms, in fact, the
roof of a lower vault, in which the germ of a successional tooth is in
course of development: had the crushing tooth in use, rested, as in
the Woll-fish, by the whole of its base upon the alveolus, the sup-
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DENTAL SYSTEM OF FISHES. 295

The true tecth of all Vertebrates consist, like bone, of an animal
celatinous basis, hardened by salts of lime, magnesia, and soda the
phosphates of lime predominating. Analyses of the teeth of the Dike,
Carp, and Shark, will be found in V. pp. Ixiv. and 9.; and in LXXXV.

The tubes which convey the capillary vessels through the substance
of the osteo- and vaso-dentine of the teeth of fishes * were early re-
cognised, on account of their comparatively large size; as by André
e.g., in the teeth of Acanthurus, and by Cuvier and Von Born in the
teeth of the Wolf-fish and other species.t Leeuwenhoek had,
also, detected the much finer tubes of the peripheral dentine of the
teeth of the Haddock. These dentinal tubuli’ are given off from
the parietes of the vascular canals, and bend, divide, and subdivide
rapidly in the hard basis-tissue of the interspaces of those canals in
osteo-dentine (V. pl. 7.) ; the dentinal tubuli alone are found in true
dentine, and they have a straighter and more parallel course, usually
at right angles to the outer surface of the dentine (V. pl.7. and pl. 52. 5).

I give the name ° vaso-dentine’ to that modification of the tissue in
which the vascular canals run nearly parallel with, and equidistant
from, each other, through the major part of the extent of such modified
dentine ; it is exemplified in the rostral teeth of the Saw-fish, the
maxillary dental plates of the Chimere, Psammodonts, and Myliobates :
in the latter each medullary canal and its system of dentinal tubes
represents a slender subeylindrical denticle, being separated from the
contiguous denticles by a thin coat of bone or fcement.’ The dense
covering of the jaws of the Scari consists of a stratum of quite distinet
prismatic denticles, standing vertically to the surface of the bone.

¢ Osteo-dentine’ is that tissue in which the medullary canals are
wavy, irregular, and anastomotic; in Mammalia it contains the
Purkingian cells ; in fishes it usually is covered more or less thickly
by hard dentine. Those conical teeth which, when fully formed,
consist wholly or in great part of osteodentine or vasodentine, always
first appear with an apex of true dentine, In some fishes the
simple_central basal pulp-cavity of such teeth, instead of breaking up
into irregular or parallel canals, sends out a series of vertical plates
from its periphery, which, when ecalcified, give a fluted character to

- the base of the tooth; (Lepidosteus oxyurus, Lxxxvr. pl. v. fig. 1.)

Sometimes such radiating vertical basal plates of dentine are wavy
in their course, and send off narrow processes from their sides; und,
as a thin layer of the outer capsule interdigitates with the outstanding

* The vaso-dentine of Pristis and Myliobates is like that of the tecth of the Cape
Anteater ( Orycteropus) : the vaso-dentine of the Psammodonts resembles that
which forms the base of the tooth of the Sloth and Megatherium : the vaso-dentine
of F'Enmmulﬂ differs from the osteo-dentine in the absence of the radiated * Purkin-
gian® cells,

f Seev. p. 10.
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