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THE FOURTII CLASS

OF

VERTEBRATED ANIMALS.

THE I'ISH

Is composed of oviparous vertebrata, with a double
circulation, whose respiration nevertheless is cffected
exclusively through the medium of water. TFor this
purpose they have on each side the neck an apparatus
called gills, which consists of leaflets suspended to
certain arches attached to the os hyoides, and com-
posed cach of a great number of successive laminze,
covered with a tissue of innumecrable blood vesscls.
The water swallowed by the fish escapes between the
openings of these laminze, and acts by means of the
alr which it contains on the blood, which is inces-
santly impelled to the gills by the heart. The heart
has only the right auricle and ventricle of the warm-
blooded animals.

The blood after respiration passes into an arterial
trunk situated under the spine, which performing the
office of the left ventricle, disperses it throughout the
body, whence it returns to the heart by the veins.

The entire structure of fish is as evidently adapted



2 THE FISH.

to swimming as that of birds is for flight. Suspended
in a fluid nearly as heavy as themsclves, the former
have no need of wings to sustain them in it. A great
number of species have immediately under the spine
an air vessel, which by compression or dilatation
changes the specific gravity of the fish, and assists it
in rising or descending in the water. Progression is
executed by the motion of the tail, which strikes the
water alternately right and left, and forces the fish
forward ; the gills discharging the water backward
probably contribute also thercto. Hence, the limbs
being but of little use are greatly reduced ; the pieces
analogous to the bones of the arms and of the legs
are extremely short or entirely concealed ; rays more
or less numerous, supporting membranaceous fins in
some degree represent fingers and toes.  The fins
corresponding to the antervior extremities are said to
be pectoral, those which answer to the posterior are
said to be ventral. Other rays attached to particular
bones placed upon or between the extremities of the
spinous processes support vertical fins on the back,
under the tail, and at its. extremity, which by being
erected or depressed, extend or diminish at the will of
the fish, the surface which strikes the water. The
upper fins are said to be dorsal, the lower anal, and
that of the end of the tail caudal. The rays are of
two sorts; the one consisting of a single bony piece,
gencrally hard and pointed, but sometimes flexible
and elastic, divided longitudinally, these are called
spinous rays ; the others, which are composed of a



THE FISII. 3

great number of small articulations, and generally
divided into branches at the extremity, arc called sof,
articulated, or branched rays.

As to the number of limbs, we may observe as
many varieties as among the reptiles. Generally there
are four; some, however, have but two, and others
are without them altogether. The bone which repre-
sents the scapula is sometimes suspended in the flesh,
as in the previous classes; at other times, it is
attached to the spine, but more commonly it is sus-
pended to the cranium. The pelvis scldom adheres
to the spine, and very often, instead of being behind
the abdomen, it is before, and belongs to the humeral
apparatus.

The vertebrae of fish arc united by concave sur-
faces filled with cartilage, they in general commu-
nicate by a canal dug in the axis of the vertebree; in
the majority they have long spinous processes, which
support the vertical form of the body. 'The ribs are
often fastened to the transverse processes. 'T'hese
ribs and processes are commonly known by the name
of crests or ridges.

The head of fishes varies more in form than that of
any other class, although it is in genecral divided into
the same number of bones as that of other oviparous
animals. The frontal is composed of six pieces : the
patictal of three; the occipital of five; five of the
pieces of the sphenoid and two of those of each of
the temporal bones remain in the composition of the
cranium.
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Besides the common parts of the brain, which are
placed as in reptiles behind each other, the fish have
also tubercles at the base of the olfactory nerves.

Their nostrils are simple fossx at the end of the
muzzle, almost always pierced with two holes, and
lined with a pituitary membrane regularly plaited.

The eye has its cornca very flat, the aqueous
humour little, but the crystalline nearly globular, and
very hard.

The car consists of a sac, representing the vestibule,
and containing in suspension small masses, generally
of a stony hardness, and moreover of three semicir-
cular membranaceous canals, rather situated in the
cavity of the cranium than engaged in the substance
of its own parietes, except in the chondropterygians ;
there are neither eustachian tube nor tympanal bones,
and the selacians alone have an oval opening (fenestra
ovalis), but on the level of the head.

Taste in fish cannot be very acute, since their
tongue is in great part bony, and is often furnished
with teeth or other hard coverings.

The majority, as every one knows, have the body
covered with scales; all are destitute of any organ
for holding ; certain little fleshy tendrils which some
of them possess may supply the imperfection of touch
in the other organs.

The intermaxillary bone forms in most of them the
cdge of the upper jaw, and behind it the maxillary,
commonly called os labiale ; a palatine arch, composed
of the palatine, the two pterygoidian processes, a
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jugal bone, a tympanic and squamous bone, consti-
tutes, as among birds and snakes, a sort of interior
jaw, and supplies behind an articulation to the lower
jaw, which has in general two bones on cach side,
but these pieces are less numerous in the chondrop-
terygii.

Teeth are found on the Intermaxillaries, the max-
illaries, the lower jaw, the vomer, the palatines, the
tongue, the arches of the gills, and even on certain
bones situated behind these arches dependent like
them on the os hyoides, and named ossa pharyngis.

The varietics of these combinations, as well as
the forms of the teeth placed at each point, are
countless.

Independently of the apparatus of the branchial
arches, the os hyoides carries on ecach side certain
rays which support the branchial membrane; a kind
of lid composed of three bony pieces, the operculum,
the sub-operculum, and the inter-operculum, is joined
to that membrane to close the great opening of the
gills ; it is articulated to the os tympani, and moves
upon a piece called the pre-operculum.  Many of the
chondropterygians have not this apparatus.

The stomach and intestines vary as much in volume,
figure, weight, and circumvolutions, as in the other
classes. Except in the chondropterygians the pan-
creas is represented either by ceeca of a peculiar
tissue, situated round the pylorus, or by this same
tissue itself at the beginning of the intestines.

The kidneys are fixed along the sides of the spine,
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but the bladder is above the rectum, and opens behind
the anus and behind the parts of generation contrary
to what occurs in the mammalia.

The testicles are two enormous glands, commonly
called the soft roe or milt, and the ovaries are two
sacs nearly corresponding to the roe in form and size,
and in the internal folds of which the ova are depo-
sited. Some fish are capable of copulation, and are
viviparous; their young break forth in the ovary
itself, and are born through a very short canal. The
selacians alone have besides an ovary, long oviducts,
which sometimes lead into a true matrix, and they
produce either their young alive, or eggs enveloped
in a corncous substance : but most fish do not couple ;
and when the female has deposited her spawn, the
male passes over and fecundates it by deposition of
the milt.

There is more difficulty in dividing the fish than
either of the other classes, into orders founded on
fixed and obvious characters. After many trials I
have determined on the following distribution, which
in some instances is wanting in precision, but which
possesses the advantage of keeping the natural fami-
lies entire. :

Fish form two distinct series, that of rsu, properly
so called, and that of cHONDROPTERYGII Or CARTILA-
GINOUS FISII.

The general character of the latter is, that the
palatine bones occupy the place of the bones of the
upper jaw ; the whole of the structure of these fish
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has moreover some cvident analegies, which we will
proceed to detail. It is divided into three orders :—

Cycrostomata, in which the jaws are united into
an immoveable ring, and the gills open by numerous
holes.

Seracui have the gills of the preceding, but not
their jaws.

StTurioNes have the gills open in the ordinary man-
ner of fish, by a single cleft furnished with an oper-
culum or gill cover.

The other series, or that of the comyon risu, pre-
sent to me at first a primary division of those in which
the maxillary bone, and the palatine arch, are inserted
in the crantum. Of these I make the order rrecroc-
NathI, divided into two families, gymnodontes and
sclerodermata.

Next, 1 find fish with perfect jaws, and with gills
not in the shape of a comb, as is usual, but with a
series of small tufts. Of these I also form the order,
which I name vorHoBrANcHI, and which includes only
a single family.

Still there remains a very large number of fish to
which no other characters can be applied than those
of the exterior organs of locomotion. After a long
series of researches, I find that the least objectionable
of such characters are those used by Ray and Arted;,
derived from the nature of the first rays of the dorsal
and anal fins. The common fish may thus be divided
into marnacorterYGl, in which all the rays are soft,
except occasionally the first of the dovsal or pectoral
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fin, and into AcaNtHorTERYGI, in which the first por-
tion of the dorsal fin, or the first dorsal fin, when
there are two, is supported by spinous rays, and in
which the anal fin has also some of these spinous
rays, and the ventrals at least one each.

The former may be subdivided without inconve-
nience by the position of the ventral fins, in some
situated behind the abdomen, in others suspended to
the humeral apparatus, and in the remainder absent
altogether.

We thus arrive at the three orders of Malacoptery-
gian fish, viz. the ABDOMINAL, SUBBRACHIAN, and APODAL
fish, each of which includes some natural families,
which we will explain. The first espccially is very
numerous.

But a similar basis of division cannot be used in
the acanTnopTERYGI, and the problem how to establish
other subdivisions than the natural families, is still
insoluble to me. Fortunately many of these families
present characters nearly as precise as those that
could be given to genuine orders.

One cannot assign to the familics of fish ranks so
determinate as to those of the mammalia. Thus the
chondropterygii are allied in one respect to the
reptiles by the organs of sense, and even by those of
generation in certain of them, while they hold a
similar alliance with the mollusca and worms, by the
imperfection of the skeleton, in others.

With respect to the common fish, if any system of
structure is more developed in some than in others,
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no consequent peculiarity is observable, sufficiently
marked or striking to cause it to be taken into account
in"forming a methodical arrangement.

We will therefore treat successively of these two
series, commencing with that which is most numerous,
viz. the common fish, and we will begin these with
the order which abounds most in genera and spe-
cies.



ON THE

ICHTHYOLOGICAL SYSTEM
or

BARON CUVIER.

WE enter, at length, upon the last class of vertebrated ani-
mals in the nataral system of Baron Cuvier, containing the
Ichthyology or classification of Fish : but before we proceed
to translate his description of the first order of fish in his
“ Regue Animal,” it may be convenient to the reader for us to
cnlarge on his Tehthyological system in general. In the first
cdition of the Regne dnimal, the part relating to this class was
treated in 9 manner less perfect than in the second ; for the
author, having dedicated his time, during the interval between
the two publications, to continued and thorough researches in
Ichthyology, the increase of materials and information ex-
tended and modified his views, until he prepared the results
for publication in a great and scparate work, under the title
of Klistoire Naturelle des Poissons'. 1t is the abstract or
condensed form of this work which we {ind in the sccond and
nnproved edition of his Régne Animal, reduced in proportion,
to the importance of Ichihyology in a general system of ani-
mated nature. As far as the daily progress of discovery in
the natural sciences will permit, we may regard it as the final
arrangement ; for although nine volumes only of the great work
have as yet issued from the press, they are in conformity with

! Histoire Naturelle des Poissons, par M. Le Baron Cuvier, &e. &e. et
par M. Valenciennes aide-naturaliste, &c. hisable and laborious assistant.
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the classification in the Animal Kingdom, and we are assured
the remaining volumes will be written on the same plan.

With this improved edition before us, and with the know-
ledge of the progress of the Histoire Nalurelle des Poissons,
we have considered that it would answer no purpose beneficial
to the reader or to science, were we to attempt a distinet
undertaking of our own, and, by anticipating the labours of the
Baron, risk a distribution in opposition to the typical system,
and substitute for his profound researches, descriptions liable
to be soon after superseded, or perhaps controverted, by his
own masterly pen, thus professedly engaged on the specifie
account of the whole class. It was iherefore deemed most
advisable, for the present, to confine the Ichthyological part
of the animal kingdom to the version of the revised text in
the sccond edition before noticed, with commentaries in-
tended to interest the gencral reader; and, avoiding as much
as possible dry details, to endeavour to communicate facts of
a more popular natare, relating to the manners and charac-
ters of the whole finny race; to the habits of the larger
groups ; to the singularities observed in the nature of certain
species ; and to the fisheries, economical uses and historical
facts connected with Ichthyology.

For this purpose, the learned introduction and extensive
ground of research, embraced in our author’s great work,
farnish alrcady abundant materials, and as the publication
proceeds we may expect much valuable matter in the future
volumes. DBut the progress of the Animal Kingdom requiring
as little delay as possible, it is intended, in order to complete
our descriptive parts, to refer in some places to other sources,
and while we purpose, not indeed without hesitation, to point
out in the notes, a few species which scem to have escaped
the vigilance of the noble author, we may also venture to state
a few observations of our own, collected during the course of
many years, and repeated voyages to distant climates.
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But the Synoptical Table of species, perhaps justly regarded
by Ichthyologists as the most useful part in systematic treatises
of this description, it is judged best to defer until the com-
pletion of the Histoire Naturelle des Poissons; when the
author will furnish onc from his own pen, corrccted and
improved to the final termination of that important work.
Those who have made the natural history of fishes their par-
ticular pursuit, will best comprehend the propriety of delay
on our parts, until this Synopsis is published : for although
we might furnish a table sufficiently exact and conformable to
the views of the author, as far as the published volumes of
his great work would allow, many species which the Baron
alone has been enabled to compare and finally determine,
would be with us liable to a false location, and a vast number
of others, as yet only described in his manuscripts, would
remain unnoticed. Were we therefore to produce a synopsis
confessedly incomplete, while one from our author thus highly
qualified may be confidently expected, we should be justly
liable to an imputation of disrespect to him and injustice to
the public’.

The title of the great work on the Natural History of Fishes
has alrcady been so often repeated, and we intend in the
course of our observations to draw so largely from this in-
valuable source of information, that it will, we trust, be an
acceptable service rendered those who are not in possession
of the original, to devote a few pages to a slight sketch of this
monument of erudition and research: for, if the numerous
works of Baron Cuvier, had long before the present, satisfied
the scientific of all countries, with regard to his unrivalled

1 It is nccessary to observe that this was written shortly before the
lamented death of the Baron ; but as the Histoire Naturelle des Poissons is
still in progress under the superintendence of M. Valenciennes, the reason
here suggested which has induced us to forego publishing a synopsis of
the species at present, still exists.
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power of drawing great and striking conclusions, from an
infinity of careful investigations: the history of fishes not
only exhibits the same faculties, exerted in a long continued
series of anatomical inquiries, but also as a display of literary
acquirements, exceeds all his former productions in eru-
dition. No source of information bearing upon the subject is
overlooked, whether occupying a series of volumes or met
with in a casuval sentence; whether to be sought in the clas-
sical pages of antiquity, or in a modern pamphlet published
in some obscure corner of Europe.

Itis in the review of the origin and progress of Ichthyology,
prefixed to the history, that we become fully sensible of the
magnitude of the writer’s labours in this department alone.
There we perceive with what critical sagacity he investigates
every relative document, from those of the earliest antiquity
to the present time ; and traces out what is derived from a
predecessor, and what is new in cach.  Our limits forbid us
to enter so largely as we could wish, into his luminous and
characteristic abstract, of all the real information, professedly
or incidentally communicated by the ancients. From the
period when Aristotle laid the foundation of the natural
sciences, the author enumerates a succession of Greek and
Latin writers, with a few words of their biography, and a
synoptical view of what relates to his subject in their writ-
ings, thongh most of them were satisfied with commenting on
the Stagyrite, scarcely ever adding a single new fact from
their own observation'. Among the works thus referred to

1 Homer is mentioned on account of yvapmroig ayrisrpoarr 5 Hesiod for
the fisherman on the shield of Hercules; Plato, Archestratus, Theophras-
tus, Erasistratus, Clearchus, Varro, Columella, liliuy, Oppian, Athenzus,
Ailian, Ausonius, Strabo, Pausanias, Plutarch, Dioscorides, Galen, Ori-
basius, &e. From comparing the whole the Baron infers that the ancients
were acquainted with about 150 species of fish, nearly all that are edible
in the Mediterrancan.
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we find even the Malicuticon ascribed to Ovid, remark-
able as containing the names of fifty-three species of fish
then known '

In the decline rof letters, we observe him consulting the
fathers, although from such authoritics only a solitary fact
might perchance be elicited>.  When letters were nearly lost,
such writers as Isidore of Seville are mentioned, to show that
the species of fish then known were reduced to a number
scarcely exceeding thirty. As learning rekindled, and light
spread anew, he commences a series of notices in chronological
succession, amongst which we find the names of Albertus Mag-
nus, Vincent of Beauvais, Massaria, Paulus Jovius, Gyllius,
T.onicerus, Belon, Salviani, Rondelet, Conrad Gesuer, Aldro-
vandus, Thevet, Lery, Clusius, Delaet, Nieremberg, Hernandez,
Prince Jean-Maurice, P’iso, Margrave, Bontius, Nicuhof: fur-
ther on we find Haller, Borelli, Malpighi, Steno, Harvey,
Swammerdam, Valisnieri, Needham, Collins, Jonston,Valentyn,
Ray, Willughby, Sloane, lago, Catesby, Iughes, Fdwards,
Marsigli, Artedi, and finally, Linnwus, Pennant, Pallag, Bloch,
TLacépede, and an immense list of recent anthors.  Among
the number lLere noticed, and still more of those whose names
we have omiited, many are reviewed by the author, merely
on account of a single anatomical record of some one viscus
of a fish, or for obscrvations on one particular species®.  All
the articles relating to ichthyology in the transactions of the
numerous scientific societics of Kurope, America, and in the

! Pliny, xxxil. ¢. 2. ascribes this little poem to Ovid; it is found in
some editions of his works, and in the Poetae Latini Minores : but modern
critics consider Gratius Faliscus as the author; perhaps for no better
reason than that he wrote the Cynegeticon.—C.

2 St. Ambrose, Comment on Genesis; Fustathius, Hexaemeron; even
George Pisides. {afjpuepov kospovpyia, &c.

3 Among the rescarches in anatomy are a variety of inaugural theses
and notices of isolated discoveries relating to ichthyology.
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Indies, are passed in review; incidental notices in voyages
and travels, topographical histories’, narratives of tourists,
the rescarches of political economists, whencver they touch
upon ichthyology, are carcfully examined. Dut no writers
receive a more marked and just consideration, than those who
in recent times have endeavoured to improve the science of
ichthyology. The posthumous system of Bloch edited by
Schneider, Walbaum, Gmelin, Lacépede, Dumeril, Blain-
ville, Lesueur, Goldfuss, Miiller, Risso, Rafinesque, Leach,
Hamilton, Buchanan, and Shaw, are noticed, although the
last named was scarcely more than a compiler; and Oken,
the celebrated champion of idealistic philosophy, whose pro-
blematic attempts to deduce « priori from the general idea
of being all the diversities of particular beings, by means of
combinations of ideas of different degrees, is likewise subject
to examination, on the ground of the general idea of fish
leading, according to his method, to that of all kinds of fish;
and so descending by successive gradations, as to form at
Iength a kind of system; a system, by the way, which has
already varied three or four times in the philosopher’s pro-
ductions. .
Further on we find anatomists, particularly those who have
of late made rescarches on the air-bladder, and the osteology
of the heads of fish. Autenricth, Geoffroy St. Hilaire, Rosen-
thal, Spix, Bojanus, Carus, Schultz, Vander Haven, Bakker,
Meckel, Serres, Majendie, Kuhl, Apostole-Arsaki, Rathke, Sir

' Tn a note many of our county historians are enumeratcd ; Wallace,
Leigh, Morton, Coker, Taylor, Dale, Plott, who have furnished what
they were pleased to designate as natural history, although their descrip-
tions are almost invariably in arrear of the science, such as it was when
they wrote ; even Borlace and Wallis are considered as not heing wholly
exempted from this reproach ; nor is this a wonder, when for half a cen-
tury after Ray and Willughby published their labours, Eunglishien,
professed naturalists, appear not to have known them, and the crudition
of Pennant contributed more to his fame abroad than at home.
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Fverard Home, Tiedemann, Humboldt, and many others,
oceur.

Nor are iconographical illustrations passed over; from
those singular pictures still remaining engraved and coloured
on the walls of ancient Kgypt, to the most recent collections
of plates and drawings, such as the Plumierian, that of
Prince Jean-Maurice of Nassau, the Commersonian, the Bank-
sian, the Japanese encyclopedia and paintings of fish, Dus-
sumier’s Chinese drawings, the plates of Reynard, Don
Antonio Parra, Russel, Mocigno, &c. 'Thus having digested
all the observations written or pictorial records could fur-
nish, we find him no less active and persevering in person-
ally examining the anatomy ' of many hundred species, with
a tact and minuteness peculiarly his own, and employing for
this purpose the immense stores preserved in the muscum of
Paris, and the numerous collections of fish supplied to him
by the emulation and zeal of princes, naturalists, and col-
lectors, from every part of Iiurope, and from distant regions.

Although the difficultics attending rescarches on sub-
aqueous animals had hitherto opposed the cqual advance of
this branch of the natural sciences, it was evident, that when
a more continued investigation into the structure of fishes,
and a more extensive examination of their species, should
have dispelled the obscurity still hanging over ichthyology,
a new method of classification would speedily be sought,
more conformable to the advanced state of the other branches
of natural history. No onc can have been more fully sen-
sible of the necessity of a new system than our author, for
long before the different attempts made for this purpose, by
several of the naturalists before mentioned, he bad already

' We have had the honour repeatedly to witness the author in his
study, with the dissccting knife in his left and the pencil in his right
hand, laying open the parts required, and sketching in a manuer so spi-
rited and bold, as to be only surpassed by its fidelity. C. H. S.
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commenced in silence the career of deep researches which
form the basis of his present system'.  But even at the pre-

' Baron Cuvier commenced his labours in ichthyology in the year 1788,
by studying and dissecting species near their native clement, on the coust
of the Channel and Normandy. He resumed this kind of labour at
Marseilles in 1803, and in the years 1809, 1810, and 1813, at Genoa, and
on different parts of the coast of Italy. At different periods he visited
and inspected many muscums of the continent and of England, and
carricd his researches so far, as to send his assistant, M. Valencicnnes, to
Antwerp, to ascertain the question of the existence of the tripteronotus,
or daulen of Rondelet. Besides the constant supply of fresh specimens
furnished to him at Paris, he could examine the collections (mostly in
spirits) called the Old, in the King’s cabinct; that of Peron, from the
Pacific; of the Stadtholder of Iolland, brought from the Hague, and
mostly collected in the Indian Seas; another Indian serics, named Com-
mersons ; those of Laroche, from Iviga; and of Lalande, from the Medi-
terranean ; all of which were consulted for the first edition of the Regne
Animal.  Since that time, the French navy and scientific travellers, in
obedience to the dircctions issued by the ministers of marine and the
interior, have caused great additions to be made to the stores in the royal
museum.  Strangers also have zealously co-operated in his wishes.
Messrs. de Lalande and Auguste St. Hilaire, Prince Max. of Neuweid,
and Mr. Spix, furnished specimens from Brazil; Messrs. Richard and
Leblond, Poiteau, Leschenault, and Doumere, from Cayenne; Messrs.
Pley, Lefort, Achard, Ricord, and Poey, from Martinico, Guadalonpe,
Porto Rico, Columbia, St. Domingo, and Cuba; Humboldt, from the
Cordilleras ; Bose, Milbert, Lesueur, De Kay, Mitchill, and Pylaie, from.
the United States and Newfoundland; Mr. Richardson, from the Polar
regions ; Messrs. Roger, Geoffroy, and Mareschaux, from Senegal, Egypt,
Tunis, and the Bisertan lake ; Sonnerat, Leschenault, and Mathicu, from
the Indian Ocean, Isles of France and Bourbon; Messrs. Diard and
Duvaucel, Kuhl and Van Hasselt, Reinwart and Temminck, from the
Australian scas, the Moluccas, the Ganges, and upper rivers of India;
Dussumier, from China ; Ehreuberg, from the Red Sca and Nile;
Tilesius and Langsdorff, from Japan and Kamntschatka; Messrs. Risso,
Bonelli, and Savigny, from Nice and ltaly ; Biberon, from Sicily ;
Leach, from Malta; Admiral de Rigny, from the Levant; Gamba, from
the Phasis and Don; the Grand Duchess Helena of Russia, fish from

C

~
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seni moment, as successive volumes of his great work appear,
we find that the amecliorations which have been from time to
time introduced still undergo revisals and further improve-
ments.

Before his first publication on the subject in 1815, the
methods adopted by nearly all Ichthyological writers, although
apparently very different from each other, were nevertheless
only modifications of the Linnman system, with new names.
Some having no alterations, excepting that they introduced
classes, prctended to be imperfect, and founded upon the
supposed absence of a part of the branchial teguments, as
advanced by Lacdépede, or upon the nature of the gill rays, as
they are represented in Artedi.  All these arrangements being
purely conventional or artificial, produce an irremediable ob-
jection, in the remote separations which they cause, of species
naturally allied or approximating ; and morcover in their
assigning characters not always to be found in the specics
they include. But our author, having for nearly forty years
studied Ichthyology, not only in authors but much more the
subjects themselves, in their viscera and their skeletons, after
dissecting several hundred species, satisfied his mind that no
acanthopterygian fish should ever be mixed with those of any
other family ; and that the acanthopterygians, constituting
three-fourths of all the known species of fish, are also the
type most perfected by nature and most homogeneous in all
the variations it has received .

From the ycar 1817, when the Tableau du R¢gne Animal first
appeared, the Baron having shown the crroneous characters
derived from the opercula and rays, suppressed the old order

every part of the Muscovite Empire; Messrs. Quoy and Gaymard, Garnot,
and Lesson, from the Pacific Ocean ; and many others from the north of
Kurope, and the rivers and lakes of Germany, Irance, and Ttaly.

t Acanthopterygians include all the fish having complete gills and fins,
partly armed with spines or pointed hones.
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of branchiostegi, and formed that of plectognathi'.  lle was
thus enabled to bring togcther many species formerly kept
remote, particularly those of the murienwe. Iis principal
object being an arrangement which would show a class of
animated beings according to their real affinities, his efforts
were unccasingly directed towards the construction of real
natural families, and when these were established, to the
arrangement of the genera, and their subdivision into sub-
genera, so as to facilitate the knowledge of the species, by
locations as far as possible suited to their mutual relations.
In this view the Baron states in substance, the Acantho-
pterygian character assumes a preponderance over all the
others, and renders them secondary, and incapable of being
placed in opposition to it. The very constancy of the
characters materially increases the difliculty wherever it
exists, to find precise and sensible distinctions for subordinate
application ; different tribes of Acanthopterygians passing
from one into the other by such gradual transitions that the
line of demarcation between them is scarcely perceptible.
Thus the percoides, cssentially distinguished from the
sciene by their palatinal teeth, includes a group of some
strength, and completely natural in every other respect, but
that one part of it is provided with that kind of teeth, and the
other is without them. The same case recurs in the mailed
cheek family, in other respects distinctly characterized ; the
greater number of the genera being linked to the percoides;
and the other to the sciwnoides by the circumstance of their
having tecth on the palate. The scienoid genera approach

t Branchiostegi formed an order of fish with free branchiz, and what
was called a cartilaginous skeleton. Plectognathi, bony fish with gill
rays and operculum concealed by a thick =kin, allowing but a small open-
ing, and having the maxillary bone soldered to the side of the inter-
macxillary, which forms alone the jaw, the upper having no motion.

c?
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in part to the chatodonoids by the sensible character of the
scales which spread over some parts of their vertical fins, and
in part they assimilate with the sparoids by the total absence
of their scales.

Gradations no less delicate connect certain genera of the
spari, such as the smaris and gerres, with others like the
equule, which cannot be remote from the zeus; and these lead
in their turn to the scombri, who finally pass by gradations
so scnsible into riband shaped fishes or tenioides, as to
make the point of separation undeterminable. Naturalists,
therefore, who were solicitous to place animated beings
according to their relative characters, had no choice but to
group the acanthopterygian fishes, known in other systems
by the generic names of perca, sciwna, sparus, chitodon,
zeus, scomber, cepola, &c. into one vast family, notwith-
standing the immense number of species it includes. It is
true certain shades, indicating subordinate groups, are per-
ceptible, but no species is so circumscribed by distinct pecu-
liarities, as to sufler complete separation.

There is not quite so intimate a connection among the
Lophii, Batrachi, Gobii, Blennii, and Labri, their characters
are in general sufficiently clear, and though in part anato-
mical, they are readily discovered; the small opening at the
gills of the first of these groups, with pectoral fins prolonged
in the form of arms; similar pectorals joined to three rays of
the ventrals in the sccond; the flexible spines on the backs
of the third and fourth; the fleshy lips of the fifth; and,
finally, the total absence of cwecal appendages in them all,
are sufficient to divide them from all other acanthoptery-
gians ; and this last-mentioned character begins to approx-
irate them towards siluri and cyprini, whose families are at
the head of the malacopterygian, and in their turn link them-
selves with acanthopterygians by the spines of some of the fins.
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The Malacopterygian® families are marked with stronger
differences and characters more readily perceived; some are
both natural and distinctly limited, so that each is not only
clearly separated from others, but also retains within itself a
great resemblance in the details. This immutability is so
obvious in most of the natural families formed in this part of
the class, that Artedi had already marked them to form several
of his genera; such as Silurus, Cyprinus, Salmo, Clupea,
Esox, which may remain unbroken: in this case there is not
even any inconvenience in distributing them by the position
of the ventrals, because that character, however trivial in
itself, is with them perfectly constant: but it must be ob-
served that the distinction of jugular, thoracic, and ab-
dominal fishes, cannot be maintained in the manner esta-
blished by Linnaeus. It 1s, in fact, of small consequence,
whether the ventrals protrude a little before, a little behind,
or exactly bencath the pectoral fins; but the circumstance of
importance, and which is connected with the structure of the
fish, is whether the pelvis be attached to the bones of the
shoulder, or whether it be simply wrapped in the muscles of
the belly. To designate the fish belonging to the former of
these categories, the name of sub-brachians has been given,
without adverting to the position of the ventrals, because that
is a mere consequence of the greater or less length of the
bones of the pelvis; and that of abdominals was left to the
latter. As for the apodes, they naturally form the malacop-
terygians, without ventral fins.

The history of fishes opens with the acanthopterygians,
who in reality constitute only one immense family. After
them follow the different families of malacopterygians, in the
order of their approximation to the acanthopterygians; but

! For the definitions of these terms we refer to the articles themselves
in the Animal Kingdom.
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it is not to be inferred that they approach only in one
line and in one series. If the abdominal malacopterygians
may be ranged in this manner, and may commence even
with those who have some spinous rays, ncither the apodal
nor sub-brachians should follow them. The gadi, for in-
stance, arc as nearly allied as any abdominal fish, to certain
acanthopterygians, and there would be no reason to place
them after the abdominals, if the question were mooted
respecting the station they should hold in nature. If they
are mentioned after them, it is because the exposition of facts
in a book must necessarily be in a successive order.

The same observation is applicable to the rest of the
fishes ; to those whose upper jaw is fixed, to those whose
branchi® are in tufts, and in particular to the great and im-
portant family of chondropterygians, which terminate the
class. It is chiefly in the last mentioned, that the futility
of classing animated beings in a single series is visible.
Several of its genera, the rays, and sharks, among others, are
considerably above common fish, by the complicated nature
of their organs of sense, and of the organs of generation ;
which are more developed in some parts than those even of
birds; yet other gencra which are approximated by evident
transitions, such as lampreys and ammocoetes, become so
simplified, that they have been regarded as forming a pas-
sage to articulated worms; for the ammococtes certainly
possess not any skeleton, aud their muscular apparatus is
attached solcly to wmembranous and tendinous supports.

Let it therefore never be supposed, that because one
genus, or one family, is placed before another, we consider
it more perfect, or superior to the others in the system
of beings. He alone could build up such a pretension, who
would attempt to place animal nature on a single line; such
a project we have long since renounced, as one of the most
false that can be entertained in natural history.  We should,
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on the contrary, consider cach being, each group of beings,
in itself, and in the character it sustains by its properties and
organization, and abstract none of its relations or connexions
with other beings, whether they be near or remote.

When this mode of viewing animal nature is once at-
tained, the difficulties disappear, and nature secms to assume
a spontaneous arrangement in the eye of the naturalist; our
artificial systems attempt only to fix the nearest relations ;
they seek merely to place one being between two others, and
contrive to be ever at fault; true method sees cach being in
the middle of all the others, and shows all the radiations that
link it more or less intimately in the vast web of organic
naturc ; and thus alone we acquire enlarged ideas, worthy of
that nature and of nature’s God ; but ten or twenty rays will
be often insuflicient to express these multifarious relations.
1t is therefore in the descriptions, that the idea to be formed
of the degrees of organization is to be sought, and not at all
in the place assigned to the species ; not that it is meant to
be inferred, that there is no classification possible, or that
species should not be formed into groups, and embraced in
definitions.  On the contrary, these approximations are so
real, and our understanding is so powerfully inclined to them,
that in all ages even the vulgar have formed their genera, as
well as naturalists.

Therefore, what nature assimilates we have approxi-
mated, without forcing into the groups beings that do not
belong to them ; and we make no scruple, after having arranged
together all the species, for instance, of a well-defined genus,
or all the genera which admit of being formed into a clearly
circumscribed family, to leave out one or more isolated
species or genera, which do not link themselves naturally with
the others; preferring these kinds of irregularitics, if they
deserve that name, to misleading the reader, by sutlering
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anomalous species or genera to remain within a series whose
characters are not completely applicable to them.

Such are the views the author entertained, when he
adopted the classification of his system ; for in the explana-
tions here offered, we have followed the scope of his argu-
ments almost verbatim'. To us at least they appear con-
clusive, and place in a strong light the real superiority of a
mcthod depending upon affinities, over one founded on mere

coincidences.

! Chap. x. distribution des poissons, &c.



SUPPLEMENT

FISH IN GENERAL

GENERAL VIEW OF THE NATURE AND ORGAN-
1ZATION OF FISIIES.

MORE than two-thirds of the surface of the carth are covered
by the sea; the continents and islands every where inter-
sected by rivers of all sizes, and overspread with lakes, ponds,
and marshes, present an aggregate of waters so considerable
in extent as to exceed the dry land, and afford space within
them to animated beings no ways inferior in number and
in varicty of species to those which inhabit the earth. Ou
land, the matter susceptible of life, is in a great measure
employed in the constitution and maintenance of vegetable
productions ; from these herbivorous animals draw their food ;
which, becoming animalized through this medium, affords
proper aliment to the carnivora, ‘who do not constitute more
than one half of the terrestrial species of all classes. But in
the water, and particularly in the seca, wherc the vegetable
kingdom is much more restricted, all organized substances
appear to be animated, or rcady to become so: existing at
the expense of ecach other, or deriving sustenance from the
mucosities or other detritus of living bodies. In that element
the animal kingdom presents the extremes of bulk and mi-
nuteness : from the myriads of monads, and other creatures,
which would ever have remained invisible to us, but for the
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marvellous powers of the microscope, up to whales and
cachalots, surpassing twenty fold the largest terrestrial ani-
mals. There also we discover more particularly those grand
combinations of organs on which naturalists have founded
the distinction of classes: or to speak more correctly; the
sea contains representatives of all the classes. Tor if we look
to the class of birds, so essentially aerial in their nature, we
find nevertheless that the penguins are by their structure
imperatively attached to the waves of the ocean. If we turn
to the mammiferous class we equally notice species and whole
genera devoted to the waters, such for instance are seals,
morses, and manatis, who are not formed to forsake the sea,
and the whole of the whale tribe, (cetacea) who can not even
quit the liquid element, notwithstanding that their respiration
compels them incessantly to rise to the surface. Reptiles are
represented in the waters by tortoises, (chelonians), crocodiles,
serpents, and in particular by the whole family of batrachians,
Insccts are, in great numbers, aquatic even in their perfect
state, and a greater number still, do not rise into the air, to
reproduce their species and expire, until after they have
passed a much more considerable part of their lives beneath
the waters iu the state of larvie and nymphs.  Finally, in that
element we look for almost all the molluscax, the annelides,
crustacea, and zoophytes ; four classes, whicl, upon dry land,
barely offer a few isolated representatives. ITence the
ancients considered, and it is the remark of Pliny in par-
ticular, that “ Quicquid nascatur in parte natura: ulla, et in
mari esse; prterque multa que nusquam alibi.” 4. ix.
c. 11.

But amongst the innumerable creatures which people and
vivify the vast extent of the liquid element, none predominate
50 much, none are so exclusively confined to water, nor so
much the object of our notice, for the variety of their forms,
the brilliancy of their colours, and still more for the endless

15
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benefits they confer on man, than those which belong to the
class of fishes. ‘The superior importance of fish alone caused
their name to be extended to all aquatic animals ; ancient
authors, and even writers of the present day, together with the
precise terminology of the law, are liable to the imputation of
misapplying the name of fish to cetaccous animals, and to
mollusca and crustacea, although the confusion of ideas pro-
duced by the misapplication of the term might be avoided the
more easily, since fish are a class of animals which can be
most readily circumscribed by invariable characters .

The definition of fish, such as we find it in the writings of
modern naturalists, is perfectly clear and precise. They are
vertebraled animals with red blood, breathing through the
medium of water by means of branchie. This definition is
the result of observation ; the product of analysis, or what is
termed in physics, an empirical formula : but demonstrated to
be correct by the inverse method : for, when properly taken,

' A few years ago there was a trial at New York upon this subject : the
payment of duty wupon whale oil heing resisted on the ground that the
words of the law were confined to oils produced from fish, and as whale
was not fish, the oil from that animal, it was contended, did not come
within the letter of the law. ‘To support the allegation, naturalists of
ability and Professors of the University gave it in evidence that whale
were not fish; but the jury would not be convinced by the learned dis-
tinetions of science, and gave a verdict according to what they conceived
to be the meaning, though it was not the letter, of the law. It might,
however, be as well a question of investigation with legislators, when
framing enactments where scientific terminology and definitions are
applicable, whether there would not be an advantage in the admission of
the phraseology, particularly of naturalists, which embraces such exact
definitions that they cannot be evaded or misinterpreted, and therefore
would in that particular obviate all the vagucness so often reproached to
the framers of legal instruments. The definition of what we are to
understand by the word fish above given, is a proof in point. The Church
of Rome regards coot as fish, and why should seal oil not be the produce
of fish in a legal view, since whale is classed with them?
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the whole nature of the animals to which it is applicable, can
in some measure be deduced from it. DBeing vertebrated
they must possess an internal skeleton; brain and spinal
marrow inclosed within the vertebral column ; muscles on the
outside of the bones; they must have four extremities only ;
the organs of the first four of the senses in the cavities of the
head, &c. As aquatical beings, that is as residents in a
liquid more ponderous and obstruent than air, their locomo-
tive organs required to be disposed for progression : to ascend
being readily obtained, their structure became necessarily
subservient to the forms which would cause least resistance
forward ; hence their tails received the principal muscular
power, and the members were left short, but expansible and
furnished with membranes to support them ; and their tegu-
ments were made smooth or scaly, and totally free from hairs
or feathers.

As they breathe through the intervention of water alone,
that is, as they restore to their blood its arterial qualities by
means of the oxygen contained in the air which is suspended
in water, the blood is naturally cold; and their vitality, the
energy of their senses and of their movements is consequently
less than in mammalia and birds. 'Thus, their brain, although
it be similarly composed, is proportionably much smaller,
and the external organs of the senses are not of a nature to
impress it with powerful excitements’. Of all vertebrated
animals, fish, in fact, show the least signs of sensibility.
Having no elastic air to act upon, they are destitute, or
nearly destitute of voice, and of all the sensations which that
faculty awakens or supports. Their immoveable eyes, their
fixed osseous face, their members without inflections, moving
by totality, have no play in their physiognomy ; no expres-

! The brain of fishes appears to have an embryonic character when

compared with that of warm-blooded animals, and to have its greatest
development in the cerchellum, the seat of the appetites.
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sion of their emotions ; their ears on every side inclosed
within the bones of the cranium, destitute of an external
conch, without an internal cochlea, and being composed only
of several sacks and membranous channels, can be scarcely
suflicient to cause the loudest sounds to be heard. They
have in recality but small occasion for the sensc of hearing,
being condemned to reside in the empire of silence, where
all around is mute. Their eyesight would have but little
excrcise, in the depths they inhabit, if the large proportions
of the visnal organ in most species, did not obviate the scan-
tiness of the light; but still the eye can scarcely change its
direction, still less alter its dimensions, so as to be accom-
modated to the distances of objects; the iris can neither be
dilated nor contracted, the pupil always remaining the same,
under cvery degree of light. No tear moistens, no cyelid
shelters or wipes the surface ; it is, in fish, only an indifferent
representative of that beautiful and animated organ which is
found in the superior classes of animals.

Compelled to subsist by the chase of prey, which swims
likewise with more or less rapidity ; having no mweans of
securing it but by deglutition, delicate sensations of taste
would have been useless, cven if nature had bestowed that
quality upon them: but their tongue, almost immovcable,
often wholely osseous, or beset with dental plates, and receiv-
ing only few and slender nerves, sufficiently shows the organ
to be blunted, as from its confined use might be inferred.
The sense of smelling cannot be in fish so continually operat-
ing as in animals breathing the air, whose nostrils are con-
tinually traversed by odorous vapours. To conclude, their
sense of feeling almost obliterated on the surface of their
bodies by the interposition of scales, and on their members by
the inflexibility of the rays, and dryness of the membranes
enclosing them, is confined to the tip of their lips, which in
some species are themselves converted to the hardness and
insensibility of bone.
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Hence the external senses of fish causc few lively and
distinct impressions ; nature must appear indistinetly around
them: their pleasures can be but little varied ; the sufferings
which they may have to apprchend from without, nothing
more than pain from actual wounds. 'The want which,
excepting in the season of love, causes all their activity, must
be the sensations resulting from hunger. When not engaged
in reproducing the species, their predominant passion to
devour, almost their sole occupation. Their entire conforma-
tion, all their orgaus of motion, appear intended for that
purpose alonc. To pursue a prey, or to escape a destroyer, is
the constant occupation of their lives; determines their choice
of residence ; is the principal object of the differences of form
among them, and the intention of the small portions of
instinet and of artifice, which nature has conferred upon some
of the species. The angling filaments of lophii—the exten-
sile jaws of epibuli and corici '—the terrible electrical shocks
caused by torpedos and gymnoti, have no other object.

I'ish are but slightly affected by the variations of tempera-
ture; not only because the changes are less in the element
they inhabit, than in our atmosphere, but also because their
bodies, assuming the temperature of the surrounding fluid, the
contrast of external cold with internal warmth scarcely exists
for them ®>. Hence the seasons are not the exclusive regula-
tors of their migrations and periods of propagation, as they

! Sparus Insidiator of Pallas, and some species of the genus lutjan of
Risso, &c. all endowed with the power of suddenly projecting their jaws
almost half their own length beyond the head.

2 It has been observed by Dr. Armstrong, of the Royal Naval Hospital,
Plymouth, that the temperature of fish is not only lower than that of the
sea at the surface, but varies considerably in different individuals of the
same species. On the banks of Newfoundland, 3rd September, 1829, when
the temperature of the air was 66°, and of the water at the surface 64
Fahrenheit, a thermometer placed on the abdomen of nine cod-fish drawn
up in succession from a depth of forty fathoms, indicated the following
degrees of temperature, viz. 37°, 462 41°, 35°, 36°, 40°, 397, 38°, 364°.
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are with mammifera, and still more with birds. Several
specics spawn in winter; it is towards autumn that herrings,
having frequented our northern and eastern coasts since the
month of April, first begin to scatter their roes and milts on
the south side, and on the French shores. It is in the north
that the class of fish displays its most astonishing fecundity ;
not so much in the variety of specics as in the multitude of
individuals of a species, and the sea nowhere clse produces an
abundance of fish, approaching to the myriads of herring and
cod emanating from that quarter.

The scxual emotions of fish, cold as their own blood, indi-
cate only individual wants. Few species are destined to
pair, and enjoy connubial gratifications ; the malces, in others,
seek the roes when spawned, instead of the females; they
are reduced to fecundate eggs without a knowledge of the
mother, and without seeing the produce. The joys of mater-
nity are equally denied to the greater number of species;
some only bear their eggs for a given time ; with scarcely an
cxception, fish do not construct a nest ; they neither feed nor
defend their young; in short, their economy, even in the
smallest details, is totally the reverse of that of birds.

The creatures of the sky distinctly survey an immense
horizon ; their acute hearing appreciates every sound, every
intonation ; and their voice is cmpowered to reproduce them.
If their bilis be hard, if their bodics be covercd with down,
to protect them from cold in the clevated regions of flight, yet
according to Cuvier, all the delicacy of touch is found in their
feet. They enjoy all the sweets of conjugal and of parental af-
fection ; execute all the duties thercto belonging with courage;
mates defend cach other ; both defend their offspring ; a sur-
prising artis shown in the construction of their habitation ; the
joint labours of both executed in the proper season. While
the female broodsover the eggs with admirable constancy, the
male, from an ardent lover, is converted into an attentive hus-
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band, and charms by his song the tedions occupation of his
companion. The principle of attachment exists in captivity;
the bird knows its master, submits to bis order, and performs
for his service acts of the greatest nicety ; hunts for him like a
dog, and returns at his call from airy flight to his wrist. It
can cven imitate his language, and 1t is with some reluctance
that we admit its want of a species of reason.

The inhabitant of the waters, on the contrary, knows no
attachments, has no language, no affections ; feelings of con-
jugality or paternity are not acknowledged by him ; ignorant
of the art of constructing an asylum, in danger he seeks
shelter beneath the rocks, or in the darkness of the deep; his
life is silent and monotonous. The cravings of voracity alone
influence his instinct sufliciently to teach him some kind of
obedience in his movements to external signs. Although so
small a share of enjoyment and of intelligence is their lot,
fish are nevertheless adorned by the hand of nature with
every kind of beauty : varicty in their forms, clegance in their
proportions, diversity and vivacity in their colours, nothing
is wanting to attract the attention of man, and indeed it
scems as if that attention was the particular object nature
wished to excite. The splendour of every metal, the blaze
of every gem, glitter on their surface; iridescent colours,
breaking and reflecting in bands, in spots, in angles, or in
undulating lines, always regular, symmetrical; graduating
or contrasting, but always with admirable effect and har-
mony, flashing over their sides; for whom else have they
received such gifts, they who at most can barely perceive
each other in the twilight of the deep, and if they could sce
distinctly, what species of pleasurc could they receive from
such combinations ?

Allurements like these no doubt have caused man from the
remotest ages to direct his attention to animals of this class;
and the abuandant food they supply temptcd'h,im to pursue
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them among the first for his prey. Many entirely ichthyo-
phagous tribes still subsist, and among civilised nations many
families draw ncarly the whole of their sustenance from fish-
ing. Those who dwell on islands and coasts watch and
catch the numerous species haunting their rocks, and more
adventurous scamen sail to distant parts, for the purpose of
attacking the shoals of migratory fish in the middle of the
ocean ; and while the finny produce supplies the community
at large, it is not the less an object of the greatest luxury to
the rich., 'When Rome was the abyss where the treasurcs of
the world were swallowed up, sums were cxpended on this
particular kind of luxury, which to us appear almost incre-
dible. Immense preserves were dug for both sea and fresh
water fish; some were conveyed living from distant seas,
others were produced alive upon the table, where it was
thought entertaining to observe the varying hues of their
expiring state’. By the assiduous cultivation of this species
of economy an impression appears to have been made upon
the habits of fish greater than wight have been expected
from their nature; some were taught to know their master,
and attended to their proper names when called ; for such,
at least, are the relations of authors who notice the facts, as
a surprising effect of industry stimulated by luxury *

! ¢« Mullum expiranterg versicolori quadam et numerosa varietate
spectari, proceres gulie narrant ; rubentium squammarum multiplici mu-
tatione pallescentem ; utique si vitro spectetur inclusus.” Plin. Lix. ¢. 17.
See also Seneca, Quest. Nat. I. iii. ¢. 18, and Petron. Carm. de Bell.
Civil. v.33.

2 Martial, 1. iv. Ep. 30. v. 3.

¢ Sacris piscibus he natantur unda,
Qui norunt dominum manumque lambunt
Illam qua nihil est in orbe majus.
Quid quod nomen habent et ad magistri
Vocem quisque sui venit citatus.”
. D
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By observations made on the species while under the eye,
in preserves, and by collecting the remarks of fishermen,
we have acquired all that is known of the habits of fish;
but it is probable that many of their most sccret manners
have escaped observation in the depths where they pass
most of their lives. Some are solitary, others gregarious;
some traverse immense distances, others again are always
scdentary, never abandoning the deep where they com-
menced existence. The quality of the bottoms determines
also the habitation of many species. Some are found only
along the rocky coasts of the sea; others continue in the
purer depths of the offing ; others again prefer stagnant pools,
turbid holes, or remain sunk in the mud or sand, and among
these several do not perish when the waters no longer cover
the places where they lie buried, provided the least moistare
remains. The stationary characters of some, as, for example,
of the rays and anglers, contrasts with the rapidity of motion
observed in others, but more particularly in the different spe-
cies of mackerels ; again, there are several, such as eels and
periopthalmi, who can live for some time in the air, and crawl
on the ground ; and the anabas, it is said, will climb up into
trees, and establish himself in the small collections of water,
which are gathered at the roots of the leaves of several kinds
of plants. Pirabebes and exoceti have pectoral fins, suffi-
ciently large to raise and sustain them in the air over a
given distance; and finally, species that practise the most
remarkable act of instinct in the whole class, when pursuing

And 1. x. ep. 30.
*¢ Piscina thombum pascit et lupos vernas
Natat ad magistrum delicata muraena,
Nomenculator mugilem citat notum
Et adesse jussi prodeunt senes mulli.”
Pliny notices the same fact. 1. x. c. 70, < Spectatur et in pisecinis
Ceesaris, genera piscium ad nomen venire, quasdamque singulos.”
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their prey, such as the toxotes and chatodon rostratus, who
bring down insects for prey by blowing a drop of water upon
them to some distance : but all these differences of habit,
may be principally ascribed to differences of conformation,
and it would be vain to attempt an explanation of them
without a particular study of all the parts of the body of fish,
the differences between their structure and that of other verte-
brated animals, and the modifications it undergoes in different
families, genera and species.

Thus far we have chiefly followed our author in his
general view of the nature and organization of fish, but before
we offer his concluding observations it may be agreeable to
the reader to find some further remarks, equally the result of
conformation, and applicable only in considerations which
embrace the whole class, such as respect the geographical
distribution, the nature of the residence, the migrations of
fish, their powers of vitality, &c.

DISTRIBUTION, HABITAT, MIGRATIONS, &c. Ol
FISIL.

The watery clement where fish were appointed to reside,
not heing, as already noticed, liable, like the atmosphere, to
great and rapid alternations of heat and cold, and the blood
of fish remaining in a temperature often lower than the sur-
rounding fluid, none of the greater divisions of this class of
animals are so strictly confined to either high or low latitudes
as those of others breathing the air. DBut there is a circum-
stance affecting fish, to which in their turn animals with
lungs are strangers; namely, the difference in density and
chemical properties between fresh and salt water; the

n2
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species belonging to ecach being unable to exist in the
medium proper for the other, excepting some who pass with
impunity from one into the other, at pleasure, or during cer-
tain scasons. In other respects, few natural families are
without some genus or species to represent the forms and
duties of its congeners in every sea. It is true, that we are
not acquainted with what specics, or in what numbers, the
great depths of the ocean are more particularly inhabited ;
but we may infer by analogy, from the conditions of existence
in all the vertebrated animals, that life under a continually
increasing pressure, in proportion to the depth of the super-
incumbent colmm of water, must at a given point reach the
limit where eternal darkness renders the organs of sight un-
availing, and consequently the power of obtaining or avoid-
ing prey impossible; still lower, where all the action of
animal life must ccase, where the gravity of no animal matter
will descend, and finally, where even metals must remain
suspended. Many atmospheres of water above these, we
may therefore conclude to be the region where fish in a
natural state can reside ; comparatively, in short, at no great
depth, and possibly not far below one hundred fathoms.
For the bottom of the sca already, before reaching to such
depth and lower beneath it, no longer offers, or at least
scarcely offers, to the observer on the dcep sea lead, aught
except broken shells, teeth of fish, sand, and rock. No nets
exceeding half that depth are anywhere in use, and the fish
which are sometimes caught at fifty fathoms below the sur-
face, are in general of species provided with eyes of such
magnitude as to indicate the probability that their enlarged
organs of sight are necessary in a medium so dense and
remote from the light. Light, the manifestation of the solar
action, is necessary in a greater or less degree, diurnally or
at greater intervals, to the whole of organic nature ; the spe-
cies, therefore, which periodically rise from the deep, and
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after a space return again, acquire the powers of alternating
their stations nearer the surface and sinking to repose at
remoter distances from the operation of some action not un-
connected with heat; and therefore their retreats are probably
not far beneath the known superficial currents of the sea, aud
confined to the recesses of the shelving bases of continents,
islands, and submarine clevations ; there they may grovel in
inaction, or perhaps hang suspended in a blind and torpid
equilibrium, Gll a solstitial day or increasing warmth on
either hemisphere, or the periodical changes of a monsoon,
stimulating their organs into new excitement, recommences
the period of activity .

The business of gregarious fishes, such as approach the
shores periodically, appears to be confined to spawning, or
feeding upon some particular bait, or both. Among these,
the gadoid and clupeoid families advance from polar and
temperate latitudes towards the equatorial seas: while the
mugiloid and scomberoid tribes take a contrary direction,
from the warmer latitudes towards the temperate scas.  But

1 A fact which I witnessed in 1797, about the latitude of 19 N. ncarly
midway between Africa and America, seems to countenance this period-
ical blindness. An ill-contrived experiment having been made to ascertain
the temperature of the sea at a great depth, with a deep sca lead, and
300 fathoms of line fastened to a bottle, the line became entangled, and
was supposed to have floated, for on hauling up, a fish of the scomber
family was found encumbered in a coil, but remarkable, because although
he was sound and firm, both eyes were nearly closed from the nose hack-
ward by a white film or nictitating membrane, and the jaws were fixed
close, so as to be opened with great difficulty. A Malay seaman on board
said it was not an uncommon occurrence in the EKast India Seas, and
indicated the torpid period of the species, when they do not take the bait,
and sink to depths heyond sonndings. "I doubt that any species of fish
in a state of activity can exist without the occasional aid of atmospheric
air.  The account of soundings bhelow 1006 fathoms may be doubted,
though 2000 fathoms of line might be out.—C. 1. 8.
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all the fish of passage, though some feed on mollusca, at
greater depths, arc necessitated to deposit their spawn from
soundings of at most forty fathoms to the superficial sands
and rocks within the tides; and thus far we may judge the
solar rays to penetrate with eftect, not only from the quicken-
ing of their eggs, but also from the same action upon those
of all the other species of fish, and of the pullulations of the
subordinate classes of animated beings; excepting perhaps
the zoophytes of some tropical regions, who commence their
stony structures under a vertical sun at greater depths, and
those pelagian animals whose spawn floats on the surface '
While the migratory tribes deposit upon the zone of sound-
ings just mentioned the germs of their own future brood, to
be in part devoured by other specics, they find in their turn
the ova and the fry of those species, and also the already
matured new generations of the subordinate classes, to serve
for their own subsistence.

Pelagian fish, though many species are gregarious, are not
so clearly migratory as the foregoing. "They, as the name
imports, are residents in the high seas, and among them the
scomberoid family, and particularly the genera istiophorus,
xiphias,pelamis, temnodon,and thynnus, ceriainly frequent the
superior strata® of the waters, and the two last mentioned, with

! Tt is perhaps necessary to qualify this observation by remarking, that
in warmer seas, and particularly in the tropical waters, several of the
sedentary species may spawn several fathoms lower down. Yet almost
all the tropical percoids deposit their ova about the coral rocks, much
nearer the surface, as I have personally ascertained, about Port Royal
Keys in Jamaica, and the coral reefs of the Caribbean Sea.—C. H. 8.

2 With the exception of the commmon mackerel, I have found all fish
possessed of brilliant colours, and particularly red tints, to be habitually
superficial, though very often they reside in the offings, where there is
deep water. 'The seas with corals, which reflect the sun to a great depth,
have constantly the greatest variety of species possessed of brilliant
colours.—C. H. S. .
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their congeners, have partial migrations to the deep soundings
of the west coast of Africa, into the Mediterrancan and the
China seas. Similar kinds of travels are undertaken by some of
the exoceti ; but doradoes or coryphana, the greater species of
squali and cephalopteri, come in shore from accidental causes
only, or in pursuit of the migratory armies. There is, however,
no reason to believe, that in all their wanderings, any of these
species are ever induced to descend to very great depths for
a considerable time ; but finding their food principally near
or on the surface of the seca, they constantly remain near it,
and may be seen occasionally hunting their prey even in the
night. The naucrates and parasitical ccheneis attend the
greater cartilaginous gencra, but it may be doubted whether
other acanthopterygian tribes besides those already men-
tioned are strictly pelagian, and venture in the high seas
many degrecs from soundings. 'There are, it is truc, several
percoides, such as polyprion, and other genera, whose species
are common to the shores of both hemispheres, and pass round
Africa cven into the Red Sea, and castward perhaps beyond
the coasts of Ceylon; butin the latter case they are probably
coasters, and in the former they make their passage across
the Atlantic by attending the sea-weed.

It would be certainly assuming too much, to assert that,
the truly pelagian fish excepted, no other species cross the
ocean without the aid of those aquatic plants known by the
vulgar name of the gulf weed, and among which the fucus
natans, L. is probably the most conspicuous; but certain it
is, that numerous gelatinous animals, small mollusca, scyllwa,
and pelagic crabs, and the fry of different species of fish,
harbour in this weed wherever it is taken up and examined.
In steering towards the cquator, it is usually first observed in
ficlds and islands on the surface of the sca south of Madeira,
and if we take this place for a point of departure, the trade
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winds convey it along with the current towards the north
point of South America, whence a part is drawn into the
Caribbean Sea, and Gulf of Mexico; after sweeping round
these shores, it escapes again by the straits of the Gulf of
Florida in a north-eastern direction with the stream, till the
north-westerly winds and the arctic currents conjointly carry
the weed eastward towards the Azores, from whence tropical
evaporation draws it again southward to recommence the
same gyration’. There is a similarly revolving current
south of the equator, bearing the same kind of marine
vegetation, and its concomitant inhabitants, but much more
scattered, and reverting only in part towards the Cape of
Good Hope, while the rest may reach entirely across the
Indian Ocean, float alternately in the direction of the mon-
soons, or passing up the straits of the great islands of south-
ern Asia, ascend till it congregates in the Japan Seas, where
it has been observed to be particularly abundant. The Pa-
cific has besides a great variety of other vegetable substances
floating with the winds and currents ; and bencath the equa-
torial line, in the region of frequent calms, vast streaks of
peculiar colours often occupy spaces of more than a degree
in longitude, indicating the surface of the sea to be covered
with fish-spawn, and with infinite multitudes of medusx and
other free acalephas, who have in those latitudes the centre
of their existence. It may perhaps be worth remarking, that

! Doctor Leach in MSS. enumerates several genera of malacostraca,
&e. which Mr. Cranch took from these plants. Some of them are now
published in the transactions of the Plymouth Society. 1 have myself
found among other species an albula (Plumieri ?) and small serrani in the
fucus natans off Trinidad. It was no doubt an immense field of the weed
which impeded the progress of the Carthaginians on their expedition of
discovery along the west coast of Africa, and the same plant also caused
great uneasiness to the crews of Columbus’s ships.—C. H. 8.
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a chain of soundings is said to cxist from continent to conti-
nent, near the equator.

Although the number of species clearly proved to visit both
continents be not considerable, and fewer reach the Indian
Occan, still along with the floating weed species of scrranus,
rypticus, polyprion, trichiurus, belone, hemiramphus, &e. are
common to the soundings of America, as well as Africa and
Iturope ; and tribes of caranx, seriolus, scomber esox, and
sphyriena, are seen not alone about these plants, but in still
greater numbers in the track of the medusa, where they as
well as the troops of pelamis, thynnus, and temmnodon, are
accused of acquiring the noxious property which poisons the
unwary scaman, and is known by the name of ichthic venom.

Towards the polar circles, but more particularly in the
temperate latitudes of both hemispheres, there are periodical
extensions of residence among the coasting species, regulated
by the progress of the sun towards cither side of the tropics.
It is particularly observable where a great current sets from
a warm towards a cold latitude; as in the gulf stream of
Florida, whose tepid waters only partially depositing their
alluvials on the Bahamas, rush onward, till they are checked
by the counter current of the St. Lawrence, and the icy inflax
from the pole, and form the sandy precipitation of the banks
of Newfoundland. The tropical fish carried along in this
current without sensible diminution of temperature, divide
nevertheless at the first mentioned deposit, where the coast-
ing species and those which frequent soundings remain, while
the truly pelagic, thynnus, caranx, temnodon, the squali, and
even exocetus, proceed to the second, where they are met by
the polar colonies of gadi and resident pleuroncctes’. Thus

' T have witnessed the taking of a flying fish on the 23d September,
1816, on the same day that we passed two icebergs, at no great distance
from the island of Sable, near Halifux. The summer progress of the
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also with the summer season the species of mugil, thynnus,
and exocetus, pass up the Mediterrancan, and return in
autumn, at the same time that deep water percoid, sparoid,
serrani, lampris, &c. aided by that portion of current which
ascends northward off the coast of Spain, and sweeps round
the Bay of Biscay, range along the soundings, not unfre-
quently as far as the islands in the British Channel. Some
of the same species are found during the opposite scason
penetrating south to beyond the Cape of Good Hope, where
they are turned back by the south-east monsoon, and the
reccding sun,  On the east coast of South America the same
species occur, no doubt brought by similar means from the
west of Africa; but here the general dircction of the land
being to the westward of south, the southern part of the
tropical current continues along the coast to a much higher
latitude, before the effect of the south-western winds operate
fully upon it; hence the tropical specics of fish, at least dur-
ing the antarctic summer, spread further south, and possibly
are not completely repelled until the cold and storms about
the Falkland and Magellanic Straits effect that purpose, in
latitudes where the gadoid species of the south come to mect
them, somewhat in the same manner as occars on the arctic
side of the shores of Newfoundland.

In the warm seas of the tropics, and particularly in the
Pacific and Indian Oceans, certain genera belong so con-
stantly to the deep water, that they can barely be considered
as seeking soundings ; such are chwxtodons, balistes, and
acanthuri, delighting much to roam about the vertical coral
reefs and islands which abound in those latitudes, and often
bave more than one hundred fathoms of water on their edge.

tropical fish by this current may also induce an occasional phaeton to
pursue them. Thave figured the variety of p. athercus in this work from
one shot off New York. The specimen may be of a distinet species.—
C. H. 5.
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Where these reefs shelve into basins and creeks of less depth,
acanthopterygians of the sparoid, percoid, scienoid, and,
labroid families are detected, and further out in depths ex-
ceeding onc hundred fathoms the large-eyed species of pria-
canthus, chatoessus, pomatomus, etelis, cheilodipterus, mega-
lops, &¢. keep mostly deep below the surface, as indeed their
inferior powers of fin sufficiently indicate; and above them,
pirabcbes, prionotes, and pteroids, or flying gurnards, and
flying scorpions, rise out of the water, and escape from their
¢nemies much in the same manner as is practised by flying
fish.

Where shoaling waters have sandy bottoms, and form val-
leys, from sixty fathoms upwards, coffered species and ex-
pansile diodons are frequent ; and where banks of about forty
fathoms occur, particularly in temperate regions, many species
are met of those families whose hcavy bony heads require
ventral fins beneath the throat, and indicate that their habi-
tual position in the deep is with the head downwards, grovel-
ling for bivalves ; herc also we naturally find their particular
enemies and the deep water flat fish forming assemblages of
all the gadoid families, together with chimeras, bogmari,
anarrhicas, hippoglossi, and the ground sharks, dog-fish, and
other squali ; who only forsake this kind of prey to follow the
columns of clupex which in their seasons are seen advancing
above these plains, coming from the polar seas to fulfil their
destinies along the coasts and estuaries of more genial cli-
mates. From wmnore sunny scas other columns come also to the
temperate latitudes, such as the genera of scomber and mugil;
but the former make a longer stay, and come closer in with the
shore, while the latter are fish of passage, accessible only for a
shorttime. Tn similar depths, and in less, but where the ground
is often found to be more broken, other species of caranx, with
centronotus, lepidolepes, trigla, centropomus, holocentrus,
scarus, bodianus, and tetragonurus, reside ; where the ground

12
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shoals still more, and offers soft muddy bottoms, we find the
favourite region of stationary fishes, those who with their broad
fins, rather fly than swim, arc mostly destitute of air-blad-
ders, and by nature burrow beneath the soil, such as all the
rays and pleuronectes, congers, lophii, cepolw, pteracles, and
on firmer bottoms, cyclopteri, blenuies, zei, and ammodytes.
Within twenty-five fathoms water, where the power of the sun
and the actions of the tides begin to admit the growth of
submarine vegetation, where algw®, caulinew, ulve, conferva,
and zoophytes, support numerous minute animals, the ge-
nera, ophidium, stromatcus, murana, uranoscopus, trachinus,
scorpiena, peristedion, labrus, sparus, labrax, lutjanus, esox,
murenophis, &c. chiefly resort; and more in shore among the
tide rocks, naked or covered with weeds, are syngnathi,
centrisci, smaller blennii, gobii, batrachi, and notopteri:
among the stony and sandy flats: of similar depth are met
Iepadogastri, callyonini, lepidopides, gymnetri, osmeri, scom-
beresoces, argentinie, and atherinx. These, with small pleu-
ronectes, and the fry of many others, frequent the brackish
waters of estuaries, and the young fish descend only into
deeper seas when they are sufficiently strong to separate from
the clouds of conglomerated thousands, which are constantly
seen hovering about sandy shoals in tropical waters .

! The authorities for the ahove general view, were drawn, 1. From per-
sonal researches on the West Coast of Africa, on the East Coast of South
America, Trinidad, St. Lucia, Dominica, Curacoa, Jamaica, Honduras
Bay, Golfo Dolce, the Gulf Stream, the Coast of the United States, Kstuary
of St. Lawrence, Strait of Belleisle, Coast of Halifax, and Bank of New-
foundland, the British Channel, and Coast of Provence in the Mediter-
ranean. 2. From notes and inquiries obtained from our naval surveying
officers in the bight of Benin, round the Cape of Good Hope, Straits of
Madagascar, Red.Sea, Nicobar Islands, New Holland, China Seas, River
Plata, Straits of Magellan, Cape Horn, Valparaiso, Callao, California,
West Coast of Ireland and Scotland. 3. From Risso, Ichthyology of
Nice, and other authors. I ought to namne also Peter Restive, an intelli-
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In fresh waters, lakes, monntain streams, rivers, and marshes,
we meet with periodical visitants from the sea, and permanent
tribes who have but few representatives in salt water. Among
the first are sturiones, salmones, many percoides, atherine,
and even pleuroncetes, in the second series nearly the whole
cyprinoid and siluroid families, other salmones and esoces,
lobites, loricaria, petromyzons, &c. Some of these are des-
tined to reside in elevated lakes, others have the power of
ascending cataracts and waterfalls of a most formidable nature,
and there are specics which can quit the water, and prowl
through meadows, passing from onc pool to another without
hesitation.  The facility of living in atmospheric air for many
hours, is indeed conspicuous in a small species of the Indian
occan allied to our fishing frog or angler, it is chironectes
commersonii which runs about, and is even said to be sus-
ceptible of some kind of education. Air is indeed necessary
perhaps to every kind of fish, and particularly when the
atmosphere is warm, most of our lacustrine species sport on
the surface for no other purpose. But in high latitudes the
fresh water species have almost invariably a power of sur-
viving exclusion from air when accompanied with cold, such
as occurs periodically, when ice covers the waters, and
gradually increases, till in some places the fish are nearly
or entirely inclosed in it.  When the frost sets in they at first
decline the bait, and come to air holes cut in the ice, but
rarcly ; as the cold increases, it is found uscless to attempt to
fish ; for they sink in the decpest water, and become torpid
until the approach of spring, when they are again eager to
bite at air holes, cut for that purpose. In the St. Lawrence,
however, which is seldom without some natural openings

gent Provencal fisherman, who spent his youth on the Mediterranean, and
for many years of his after life was settled between Old Harbour and Port
Royal, Jamaica ; onewho was thoroughly acquainted with the whole fishing
and trading concerns along the Spanish main, and the Islands.—C. H. S.
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through the ice, the fish arc more lively, and are sometimes
struck by the Indians; and, it is asserted that, during hard
frosts, when drawn from beneath it, they freeze into a solid
mass of ice in a moment, and are almost as fragile ; yet that
they will revive even after many hours, if they are carefully
placed in water. Experiments tricd about New York on this
subject have not been crowned with success, because it was
believed the frost, which was to suspend animation, was not
sufficicntly intensc. That ice in the stomach even of a reptile
will not destroy life, is admitted in the United States, where
rattle-snakes are not unfrequently found in the winter, torpid,
and with their food undigested and completely frozen within
them, yet liable to become vivacious with the least increase
of temperature ; and digestion recommencing as if no sus-
pension of the animal functions had interposed. These
phenomena are therefore common to many species of fish, to
several serpents, as well as to tritons.

But all these varieties of powers and habits are chiefly the
result of conformation, and it would be vain to attempt to
account for them, without first studying in detail the structure
of all the parts of fish, the differences which distinguish this
structure from that of other vertebrated animals, and the
modifications it receives in the various families, genera and
species. It is therefore necessary to form at least an abstract
notion of the parts of fish, both with regard to external form
and internal conformation : the bones, the muscles, the organs
of the senses, of circulation, of reproduction, &c. must be
examined, before a competent acquaintance can be obtained
of the animal organization, modified as we find it in fishes.
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EXTERIOR OI' FISHES .

Fish are without a neck, and their tails are usually of equal
thickness with the body at their insertion, giving them in
general simple forms. The body may be rounded as in the
diodon, cylindrical as in the cel, depressed as in rays, or
compressed as in most species ; the head may be larger than
the body, as in the angler, or smaller than the body, as in
many fishes. It may be round or variously shaped; obtuse
as in cottus, more or less lengthened as we sce it in fistularia
and centriscus. Both jaws may be prolonged as in orphia,
or the inferior jaw alone may be lengthened as in hemiram-
phus, or the upper one prolonged above the mouth as in rays,
sharks, and xiphias. The mouth may open below as in rays,
or at the point of the snout, as in most fishes, or upwards, as
it is found in uranoscopus. It may be more or less wide, from
a small opening, such as centriscus presents, to an cnormous
gape, like that of the angler.

Ixteriorly only two organs of sense are visible, the orifices
of the nostrils and the eyes; but the first may be simple, as
in rays and sharks, or double, as in most osseous fishes; and
they may be placed further from or nearer to the eyes, the
jaws, or the point of the snout; the eyes vary excecdingly in
size, according to the species, and may be altogether con-
cealed beneath the skin, as in apterichti. They may be
directed laterally as occurs in most species, be raised or turn
altogether towards the sky. The whole genus pleuronectes
has these organs on one side, both eyes being placed on the
right or on the left side of the head.

One family of fishes only, (the chondropterygians,) has the
cxternal border of the branchix fixed to the skin, and as many
openings for the escape of water as there are intervals between

! Cuv. Hist. des Poiss. vol. i. p. 288. et sequent.
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the branchiz ; but all other fish have these branchix free on
their external edge, and the water which has entered the
mouth is ejected by a single opening or gill on each side;
the gills are of different sizes, and open more or less remotely.
Herrings have them large, and nearly encircling the head, in
cels they are small, and placed far back ; there are even some
species of this family, which have only a single aperture for
both gills. The operculum or gill plate, whose pulsations
serve in respiration, may vary in figure and size; the termi-
nation of the membranc beneath may be united, in toto or in
part, with that from the other side, or with the part next the
shoulder. The number of rays supporting it may be more or
less considerable.. Sometimes, as in diodon, &c. a great part
of this organ may be concealed by the skin, or altogether
wanting as in all the fish provided with several orifices.
Some of the fins are vertical, constituting a kind of keel
and rudder: those on the back are named dorsals, behind the
vent and under the tail anals, and at the extremity of the tail
they form ceudals. They differ in number, size, and the
nature of the rays which support them, being sometimes
spinous, and at others soft and articulated. Other fins are
double or form pairs, and represent the four members of other
classes of animals. Those corresponding to arms or wings
are the pectorals, and are invariably fixed behind the gills;
but those which occupy the place of feet, named venirals,
may be placed cither forward beneath the throat, or more or
less backwards to the commencement of the tail; both may
differ in size, in the quality of the rays, in their number and
structure, one or both pairs may be wanting. Iels, for ex-
ample, have no ventrals, muranw, have neither ventrals nor
pectorals ; and apterichti have no {ins at all.
Malacopterygians are such fish as have all their fins sup-
ported by articulated rays,and acanthopterygians those whose
fins are in part simple and spinous ; but some malacoptery-
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gian fish, as for example, carps and siluri, have the articula-
tions of some rays soldered together, so as to appear spinous.

The anus may be placed far behind the ventral fins, near
them or approach them forward, and where the ventrals are
wanting, it may open under the throat, as occurs in the
sternarchus.  All the differences here enumerated result from
the structure of the fish; but there are others of a more super-
ficial nature.

The jaws may have teeth of every kind, and these may be
found in all parts of the mouth, and even in the throat; the
lips may be furnished with barbels or beards, of different
substances, numbers, and lengths. There may be fleshy
filaments hanging from the skin, as in scorpenwx; some rays
of fins may be scparated, and susceptible of independent
motion, either from the ventral fins as in lophius, or from the
pectorals as in the gurnard.

Finally, the nature of the teguments, on the body, head, or
fins, may vary. A fish may be naked, scaly, spinous, or
plated, in all or in several of his parts; the scales or plates
may offer endless differences in size, order, shape, and in-
equalities of surface. The same differences may occur in the
tcguments of the head. The line which is marked on the
sides of fish, consisting in a succession of pores or of small
tubes in the scales, may be more or less prominent, and even
rugous or plated; it may also be nearer the back, more or less
arched, straight, or interrupted. [f to these considerations
we superadd colour, variously distributed, differing in tints
and the differences of size and weight observable in fish, we
have the general data which constitute the notions we ought
to have relative to this great class of beings.

In the following abstract of the Baron’s anatomical descrip-
tions we fear that the necessity of abbreviating will render the
text obscure, unless strict attention be paid to the references
in the plates. It may be proper also to add that, to avoid

E
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being misunderstood, where so many different names have
been given to the same objccts, the nowmenclature and ter-
minology of the author have been retained in the version even
at the risk of using gallicisms.

ON THE TEXTURE OF THE BONES OF FISH .

The skeletons of fish are cither bony, fibro-cartilaginous, or
really cartilaginous; the last-mentioned, constitute the chon-
dropterygian fish, who havein the whole of their framework ;
in their branchiwe, the external border of which is fastened to
the skin, allowing water to escape by means of narrow and
multiplied openings; as well as in other marked details of
organization, distinctions which obviously separate them
from all other fishes. They are without real bones, the hard
parts being internally only cartilage, homogencous, and semi-
transparent ; merely covered on the surface in rays and
sharks, by small opake and calcareous granules, closcly placed
together ; but lampreys are without this superficial addition,
and in ammocetes, the remaining one, the skeleton is in a
really membranous state. Sturgeon and chimwura have their
spincs soft like lampreys, but the first-mentioned genus is
possessed of many bones of the head and shoulder, of which
the blade on the surface is completely hardened and ossified.

Other fishes differ in this respect, simply in the relative
hardness of the parts of their skeletons, and the fibro-cartila-
ginous genera have been associated without cause with the
chondropterygians. Mixed with the cartilage which con-
stitutes the basis of their bones, the calcareous matter or
phosphate of lime is disposed in fibres and layers, in the

' Cuv. Hist. des Pois. chap. iii.
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same manner as in fishes with hard bones, but less abundantly
and the texture of the bones does not become quite so hard
and homogeneous as in several of the osseous species.  Thus
for example, in tetrodon mola the bones appear like scattered
fibres within membranes. In the lophius piscatorius, or the
angler, they arc nearly as soft; but other tetrodons and
diodons, balistcs and ostracions have more dense bones, and
some of them are littg less so than in ordinary fishes.  Artedi
and Linnazeus have refused them opercula and branchiostegous
rays against the fact; balistes have even ribs, their only
osteological difference arises from the granulations on their
jaws; and syngnathi have regular bony jaws, but they want
ribs and branchiostegous rays. Most osseous fishes have their
bones as hard or harder than other animals; some are so
homogeneous and solid as to show no pores or fibres, and
appear to the eye of a vitreous texture.

Neither osseous nor cartilaginous fishes have either epiphyses
on their bones, or medullary canal within them ; but there are
some, like the trout, the tissue of whose bones is penetrated
by an oily juice; in others, like the dory, where the internal
part of certain bones continues cartilaginous, while the sur-
face is completely ossified ; and finally, some, while the rest
of the skeleton becomes very hard, retain bones constantly
in a state of cartilage, as those of the head of the pike.

ARTICULATION OF THE BONES OF FISHES.

The articulations of the bones of fishes display the same
variations as in other animals; but the arthrodie and
ginglymi, that is, the articulations which admit determined
motions, either in one or more dircctions, are less abundant,

because their members are not required to execute such a
L2



a2 SUPPLEMENT ON

great variety of motions. Thus by means of a ginglymus, the
under jaw and operculum are attached to the pteropalatine
apparatus, and that apparatus to the cranium. There are
others in the articulation® of the rays of the dorsal and anal
fins with the interosseous bones, and in that of the first ray of
the pectorals with the bone corresponding to the radius.
They have cven two kinds of determinate movements by
articulation, which do not occur in other classes of animals ;
that, obtained by means of two links or annulations joired
together as it were of a chain, and that which at the will of
the fish is either very moveable or quite fixed. BDoth occur
in the structure of siluri. The articulations for determined
movements offer ligaments, cartilage on the surface of the
bone, and a synovial liquor as in animals of the superior
classes. The articulation of the joints of the vertebrwe is
effected by means of a fibro-cartilaginous substance, which
passes through them, and which, in some cases, as in stur-
geon and lamprey, assumes the form of a cord; and it is also
by similar fibro-cartilaginous substances that the several
pieces of the opercula, of the branchial apparatus, of the
humeral, brachial, and carpal bones, and of the pelvis, are
connected, and that the last-mentioned are fastened to those
of the shoulder.

The chemical composition of these bones presents an
organic base penetrated by carthy matter. 'The earthy matter
consists of phosphate of lime and of magnesia with oxide of
iron, which may be supposed to be united to phosphoric acid ;
there is also some sub-carbonate of lime. As for the animal
matter, the part azotized constitutes the basc of cartilage ; the
rest fatty, forming an oil that pervades it. The cartilage of the
bones of fish differs from that of mammifere and birds, since
it does not aflord gelatine when boiled. The oil is principally
composed of oleine, slightly impregnated with an odorous
principle, and a yellowish colonring substance. This oil is
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readily convertible into soap, and then produces oleic acid,
glycerine, and a minute portion of margaric acid.

The skeleton of osseous fishes in general is composed of the
head ; of the respiratory apparatus, having always a consider-
able bony development; of the trunk embracing both body
and tail; and of the members which are the pectoral and
ventral fins; the vertical fins, or those of the back, anus, and
tail, may be regarded as belonging to the truuk. In the head
may be distinguished the cranium, the maxillie, the bones
beneath the cranium, and behind the maxille, serving to
suspend and move them ; the bones of the opercula, those
surrounding the nostril, the eye, and temples, or those which
cover a part of the cheeks. The respiratory apparatus con-
tains the os hyoides and its appendices, that is, the branchios-
tegous rays, and the arches which support the branchiwe, and
the different pieces and arches which are connected with them,
and perform the offices of larynx and trachea; and finally,
the bones at the entrance of the pharynx, forming a kind of
secondary jaws.

The trunk is composed of the vertebrie of the back and tail
(for there is no rcal neck nor sacrum) of the ribs, of the iuter-
spinal bones which form the root of the dorsal and anal fins,
and of the rays of those fins, including also the caudal.
These rays, whether they be branched and articulated, or
simply spinous, may be always divided lengthways into
halves. TFish scldom have a true sternum, and where it
exists, pieces alimost external compose it, and unite the infe-
rior extremitics of the ribs.

The anterior extremity or pectoral fin contains the shoulder,
the bony semi-circle composed of several picces, and sus-
pended above from the cranium on the spine, and below,
united to the corresponding bone of the other side. Two
bones comparable to the cubitus and radius bear upon their
edge a row of little bones, appareutly the representatives of
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the carpal series, supporting all the rays of the pectoral fin,
except the foremost, which is articulated with the radial bone.
The posterior extremity varies in position, and is composed of
four bones, the largest of which, and also the most constant,
being always before the anus and genital orifices, may be
viewed as a kind of pubis, and carry upon part of their pos-
terior edge the rays of the fin without any intermediate small
bones that could be compared to the femur, tibia, peroneum,
or tarsal bone.

The craniuom of fishes is in general more distinct and
detached from the face, than in other vertebrated animals. In
most species the intermaxillary and maxillary bones move
upon the cranium by means of diarthroses; can move inde-
peudently of cach other, and cven independently of the
palatino-pterygoidian, and tympanal system, which has its
own movements. This last-mentioned system, as is also the
case with birds and reptiles, forms a plate more or less verti-
cal, articulated by its posterior superior angle to the side of
the cranium behind the orbit, and anteriorly to the anterior
part of the cranium at the side of the vomer; this anterior
extremity partly supports the maxillary bone; the posterior
inferior angle gives the surface for the articulation of the
lower jaw. The face has two structures unknown in other
classes of animals ; the apparatus of suborbitary bones, form-
ing a chain from the anterior frontal to the posterior, and
completing below the shrine of the orbit, at a point to which
the maxillary and jugal do not extend; and the apparatus of
opercular pieces, which adheres to the posterior border of the
palatine and pterygoidian-tympanal system, protects the
branchiwx, and opens or shuts according to the movement of
the water serving in respiration.  Between these four struc-
tures, the maxillary, suborbitary, pterygo-tympanic, and oper-
cular, is situated the cerebral cavity or craninm, containing as
usunal, the nose and eye in external cavities, the labyrinth of
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the ear in an internal and lateral cavity, and the encephalon
in the great cavity in the middle: it is composed of pieces
firmly united by sutures.

In the cranium of the perch, serving as a type of all the
acanthopterygians, we find on the superior aspect the prin-
cipal frontal (No. 1); the anterior frontals (No. 2) form the
anterior surface pillar where the olfactory nerves pass, the
ethmoidal (No. 3) constituting a vertical partition ; the pos-
terior frontal (No. 4) is the after pillar of the orbit, and aids
in the articulation of the femporal (No. 23): the axis of the
inferior face is occupied by the dasilary (No. 5), and the
sphenoid (No. 6), the parietals (No. 7), are easily known
behind the frontals; they are usually scparated by an odd
bone (No. 8), which we may name ¢nferparietal. On the
sides of 1t are two pairs of bones, the external occipital (No. 9),
and occipilal lateral (No. 10); this last pair often forms on
the inside a kind of floor above the auditory sacks containing
the auricular stones. 'The inferior occipilal, or basilary
(No. 3), occupics its proper place, and its articulating surface,
shaped like a hollow cone, attaches the head to the first
vertebra, but two other small surfaces, which in many fish
assist in this attachment, belong to the lateral occipital
(No. 10). Oncach side of the sphenoid, and before the lateral
occipital and inferior occipital, rises the great ala or temporal
ala (No. 11), always united by suture to the posterior frontal
(No. 4); at the lateral posterior, and superior angle of the
cranium, there arc always on each side between several of the
above-named bones, two others, the first is the mastoidean
(No. 12); the second, large in gadi, but small in acanthop-
terygians, is the rock or rupes (No. 13). In front of the great
ala, and fixed to it is the orbitary ale (No. 14) ; beneath and
before them is a single bone usnally planted into the sphenoid :
it is the anterior sphenoid (No.15). 'T'wo bones form the
anterior extremity of the cranium: the one above is the
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the intermaxillary, forming the labial bone, and articulated
with it (No. 17), as also with the salient surface of the
vomer (No. 16), and with a slightly bent apophysis of the
palatine bone (No. 22). The form of the intermaxillaries in
general determines the shape of the snout of fishes, whether
depressed, rounded, pointed, or prolonged ; and the length of
their ascending pedicles gives the power of protracting the
mouth.

The nasal, suborbitary, and supra-temporal bones, are the
most variable of all in the osteology of fishes. The first sub-
orbitary (No. 19), is articulated to a surfacc of the external
lower apophysis of the anterior frontal, and forms the outer
border of the nostril, while the internal border is formed by the
nasal (No. 20), articulated above with the frontal (No. 1), and
other bones. To the first suborbitary above-mentioned, are
attached a chain of bones more or less enlarged and numerous
(No. 19), ending at the posterior frontal (No. 4), having passed
round the lower edge of the orbit: these are the bones which
are so conspicuous on the plated cheeks of triglee and
scorp@naz. There exist in many instances another suite of
small bones, the supra-temporals (No. 21), forming a chain
towards the rear on each side, between the external and
intermedial apophyses of the cranium, which cover the arti-
culation of the supra-scapular bone (No. 46), with their two
apophyses.

The palatine arch, or palatino-pterygoidean and temporal
system is composed of seven bones on each side, including
the palatine in front (No. 22), which is often armed with
teeth, and reaching as far back as the temporal (No. 23).
Behind the palatine are two bones ; the one narrow, bent,
and forming the external border, is the transverse bone
(No. 24), the other broader, flat, and thin, occupying the
central and:ih‘th'erg_ial Apar‘t'.'of this system, answers to the inter-
nal plerygoidean (No. 25) ; the first is attached to the jugal
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(No. 26); above this, and behind the pterygoidean, is another
broad, flat, and thin bone, named {ympanal (No. 27), and
above this the large femporal bone (No. 23), already noticed.
This bone affords backwards a tubercle to articulate with
the principal piece of the operculum (No. 28), and below
furnishes an attachment for a bony stylus (No. 29), which
bears the branch of the hyoid bone, and represents the styloid
of mammiferze. Behind these three pieces is placed length-
ways the bone (No. 30), which constitutes the fixed border
for the movements of the operculum, and which is therefore
the preoperculum. But there is besides a long narrow bone
(No. 31), between the intermediate flat bone and the pre-
operculum, sliding’ partly behind that which articulates with
the lower jaw, and forming an angle with the styloid : this is
named the symplectic.

The opercular bones consist of the preoperculum (No. 30),
usually a right angled ' bone, encompassing the posterior bor-
der and angle of the main blade of the palato-temporal, and
belongs to it more than to the opercular apparatus. The
serrze and spines, which often appear on the border and angle,
being visible, are of great use in determining the characteristic
distinctions of fishes. The operculum, properly so called,
(No. 28), is placed bchind the ascending border of the former
bone, and moves upon it like a shutter within its case. The
suboperculum (No. 32), is placed beneath the posterior and
inferior border of the operculum; and before this, under the
preoperculum, and behind the lower jaw, is the ¢nleroper-
culum (No. 33). This bone furnishes an attachment to the
branch of the hyoid bone, at the point where it is itself
joined to the styloid, which suspends it on the temporal bone;
hence the opercular shutters cannot open or close without a
corresponding movement of the hyoidean branches.

1 That is a bone hent at a right angle, so as to resemble the instrument
used by carpenters, and termed a square.
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The lower jaw is composed of two branches, uniting in
front, and articulating behind by a hollow facet to the
pulley which terminates the jugal (No. 26) at that end.
These branches are in general only divisible into two bones,
the dental (No. 34), supporting teeth upon its upper edge,
and the articular (No. 35), where the articulating surface is
found. They unite by means of a point of the second enter-
ing a socket of the first. There is often a third bone, the
angular (No. 36), forming the posterior angle of the jaw, and
sometimes a fourth, on the internal face of the articular, and
corresponding with the opercular (No. 37) of reptiles.
Thus the head of fish contains about sixty bones, and some-
times, in consequence of the subdivisions of the superior
maxillary, several more.

The hyoid bone, and branchiostegous rays, adhering to it
by the membrane named also branchiostegous, complete the
closing of the large aperture on each side of the head, to the
shoulder: the hyoid placed as in the other classes of verte-
brata, but attached to the temporal, is composed of two
branches, each of five pieces; the styloid (No. 29), by which
the apparatus is suspended to the temporal, two lateral pieces
(No. 37 and 38) placed in succession, and forming the main
part of the branch (No. 38), attaching itself to the interopercu-
lum, and two small bones (No. 39 and 40) placed above each
other at the anterior extremity of the branch, serving to join
it with the corresponding piece. Before this junction is the
lingual (No. 41), as in birds and reptiles, and beneath it,
uniting the two branches, is a single bone, which by joining
the symphyses of the humerals forms the ¢stZmmus (No. 42)
which separates the two gills below. Thus the hyoid bones
are twelve in number. The rays (No. 43) supporting the
branchiostegous membrane, adhere by moveable articulations,
and often by mere ligaments, 1o the inferior edge of the chief
pieces of each branch. They vary in number exceedingly,
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from three in carps to above thirty in elops, but commonly
there are seven, as in the common perch. Fish breathing
only by means of the water which they force out at the neck
after they have taken it in at the mouth, it passes between the
branchia, which are formed like combs, usually four on each
side, and composed of a great quantity of lamina of a carti-
laginous and membranous nature, thin, narrow, forked, and
placed in regular files. These four branchiz are supported
by four pair of arches, adhering by their inferior extremities
to the two sides of a chain of intermediate little bones, which
is itself attached forward into the angle of the hyoid bone.
These arches also ascend in a curve backward, and fix their
other extremity by means of ligaments beneath the cranium.
The little intermediate bones are a sort of continuance of the
lingual bone; they are usually three (No. 53, 54, 55), and
with the inferior pharyngeal (No. 56), give attachments to
the hyoid and the arches. The first three arches are com-
posed each of two pieces moving the onc upon the other
(No. 57 and 58); the fourth consists but of a single bone
(No. 60). The superior portion (No. 61) is much shorter than
the other, and is simple in all, excepting in the first pair,
which, not baving a pharyngeal bone to support, is usually
suspended from the cranium by a small stylus (No. 59).
The internal face of the arches is armed with teeth, or small
plates, or cones, and in some there is a row of teeth exter-
nally on the first pair (No. 63).

The pharyngeal bones are placed at the entrance of the
esophagus, immediately behind the branchial apparatus, for
the purpose of performing a second mastication, often more
powerful than the first, and accordingly in different species
they are armed with different kinds of teeth. There are
usually two inferior, and six superior; the former (No. 56)
are in general two triangular plates, serving as a floor to the
pharynx ; or they turn in part round the cesophagus, or form
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only one bone: the latter consisting of three pieces on cach
side (No. 62) under the last superior arches, are commonly
in the form of a plate, and form the roof of the pharynx. The
pharyngeal and branchial apparatus contain usually thirty-six
principal pieces, independent of others smaller, arming the
interior of the arches, which would amount to more than one
hundred.

The vertebree of fishes are distinguished by the conical
hollow on each of their faces. The double hollow cones
which are thus formed in the interval between two vertebra,
are filled by a soft membranous and gelatinous substance,
which passes from one void to another by means of an
opening through each vertebra, ncarly always in the centre,
and forms a kind of gelatinous chaplet through the whole.
They have, as in other animals, in their superior part, and
for the passage of the spinal marrow, an annular portion,
above which there is gencrally a spinous process (c. ¢. ¢.),
and before and behind its basis smaller processes, repre-
senting the articular p\'ocess}es in other vertebrated animals;
but they are often incompletely soldered, and scarcely arti-
culated. The vertebra above the abdomen (No. 67, 67) have
transverse processes (@. @.): those further back (No. 68, 68)
have those transverse processes turned down and prolonged,
often united below by joining pieces, and forming rings
(No. 69, 69), protecting a kind of channel which contains the
vessels. The vertebra: nearer the tail gradually shorten their
processes, and the channel closes. The last united with the
interspinous bones form the triangular surface placed ver-
tically (No. 70), at the end of which the caudal rays (No. 71)
are attached. The number, however, of vertebra, their
length, and other particularities, are infinitely varied. It will
be sufficient to add, that their number is not always in pro-
portion to the length of the fish.

The ribs (No. 72, 72) have in general only one head, and
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adhere to only one vertebra. They bear oflen in an appen-
dant form, adhering to some part of their length, one or two
styli (No. 73, 73), which are directed outwards, and penetrate
between the fleshy parts. It is in this manner the fine bones
arc multiplied, such as we see them in herrings. The ribs,
not being employed in respiration, are little moveable; in
some cases they encircle the whole abdomen, others have
scarcely rudiments of ribs, and there are a few which are
totally deprived of them.

The vertical fins have each ray composed of an internal
part, named znterspinous (No. 74, 74), which penctrates into
the fish between the great lateral muscles, and forms the
fixed part; and of an external part (No. 75, 75), which is the
fin itself. There are often interspinous bones (No.76), which
bear no rays, and sometimes others bearing more than one.
The interspinous usually have their points directed between
the spinous processes of the vertebra. The vertical rays
(No. 75, 75) articulate by a lax ginglymus, each upon its
interspinous bonelet, which enables them to be raised or
depressed at pleasure. Some of thesc rays are pointed bones
named spénous rays; others are bony at the base, but the rest
is composed of a number of small articulations, very often
ramificd into other branches: these are named articulated,
soft, and branched rays. Those of the tail are always of this
last description (No. 71), but at the root above and below
there are small bones (No. 78, 78), diminishing in size
towards the front, where no part of them remains except their
solid base. There is in general one ray less on the inferior
half of the tail fin. In a great number of fish, the first and
often the second post abdominal vertebra (No. 83, 83) have
large inferior spinous processes, to which a bone is joined
(No. 79), extending to behind the anus, and thus forming
the posterior boundary of the abdominal cavity. The fore-
most interspinous bones, both above and below .in certain
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chxtodons, are clavate. Some genera, chiefly scombri, have
the spinous parts of the anterior dorsal without membrane,
and more often still the posterior rays of the back and anal
fins are separated, and form false fins. Many fish have no
sternum.  When found, it consists of a series of single bones,
at which the ribs terminate, as may be seen in herrings and
vomers.

The bones of the shoulder and arm are found immediately
behind the orifice of the gills, and consist of a series forming
a kind of frame, into which the operculum shuts when closed.
The two series usually attached to the head above, and
uniting together below, form an osseous belt, encircling the
body : their inferior symphysis, united by ligaments with the
tail of the hyoid bone (No. 42), assists it in forming the
isthmus which separates the external opening of the gills
beneath. This belt, as in eels, is sometimes free. When the
series is complete, three bones are found in each half: the
uppermost (No. 46) is forked, and is in part visible in the form
of a large scale, often serrated at the opening of the gills; the
next (No. 47) is sometimes wanting, and the third (No. 48),
always the largest, terminates as above stated; a fourth and
fifth bone (No. 51 and 52) adhere to the inner surface, above
each other, each pierced orscolloped out.  On the free side the
pectoral fin is placed, by means of four or five intermediate
bonelets (No. 53) seated between the two bones and the rays
of the fin, with the exception of the first ray, which is con-
nected with the superior bone (No. 52). These bonelets
represent the carpal series, and if this opinion be admitted,
the two other bones (No. 51 and 52) will be the ulna and
radius ; thus also ‘the great bone of the girdle which sup-
ports the two others may be regarded as the humerus, and
the first and second (No. 46 and 47) will represent the shoul-
der blade. Therefore these pieces will require the names of
supra-scapular, scapular, humeral, ulnar or cubital, and radial.

13
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There still remains a kind of stylus, usually of two pieces (No.’
49 and 50), the upper of which, partially flattened, is suspended
from the humerus (No. 48), adheres to its internal surface, and
to its posterior superior border, apparently representing the
coracoidian of the superior classes. There are some curious
modifications of these bones in the genera siganus, seserinus,
batrachus and cyprinus, while in anguilla, anarrhicas, and
silurus they are totally wanting. On the external border of
the ulna and radius (No. 51 and 52) are the flat bonelets,
compared to the carpus (No. 64). They bear all the rays of
the pectoral fin, except the first, which is planted on the
radius (No. 52). The bones of the carpus, and not those of
the arm or forearm, are prolonged in the genera lophius and
batrachus, where also they differ in number, as they do like-
wise in polypterus. The bones of the posterior extremities
of other classes are represented in fish by a single bone
(No. 80), usually triangular and complicated, variously sus-
pended, the ventral rays issuing from its posterior border.
All the rays of the extremities are divided longitudinally,
each into two parts. Excepting the external ray of the ven-
tral in acanthopterygians, they are almost always articulated,
and that exception is, as the name of the order imports, a
spinous bone.

In this manner is formed the skeleton of osseous fishes,
including many genera improperly classed with the cartilagi-
nous division. Except as relates to vertebree and rays of fins
they have all nearly the same number of bones in their com-
position, notwithstanding the great difference of form they
may present ; but the chondropterygians, really cartilaginous
in their structure, have a different skeleton, requiring some
notice.

The pieces of the skeleton in rays and sharks have no
fibrous tissue characteristic of bone. Their interior remains
always cartilage, and their surface alone becomes hardened



FISH IN GENERAL. 65

‘by the accumulation of small calcareous granules, which
gives them a stippled appearance. Their cranium in form is
similar to that of other fish, and nevertheless of only one
inclosure, without sutures. Their face is very simple, with but
two bones in the palato-temporal arch ; the first descends from
the cranium, at the articulation of the jaws; the other repre-
sents the upper jaw, and bears the tceth. The maxillary and
intermaxillary are reduced to vestiges. The under jaw has
also but one bone on each side (the articular), bearing the
teeth ; of the others, only one vestige is found concealed under
the skin of the lip. They have no opercular apparatus, but
the hyoidian and branchial structure is in great conformity
with the same parts in osscous fish. Sharks have besides,
opposite to the external attachment of each branchia, a slender
bone, a true vestige of rib. The branchial system is placed
further back than in osseous fishes, beneath the commence-
ment of the spine, whence the humeral girdle is also further
back. This girdle is in rays and sharks of one picce; in
the former it attaches to long processes of the spinc, and in
the latter it is quite free. On the sides of this circle are the
pectoral fins, attached by several pieces. The pelvis is
similarly a single transverse piece, not articulated to the
spine, but bearing on each side a blade to support the ventrals.
In the spine several vertebra are soldered together, and there
are twice as many superior rings as vertebra. The spinal
ribs, if any, are usually very small, excepting in sturgeons.

This genus is also, as respects the branchizx, intermediate
between cartilaginous and osseous fishes. Several bones of
the head and shoulder are hard as stone, but not fibrous, yet
the spine is almost like that of lampreys.
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THE MYOLOGY OF FISHES.

The spinal vertebra, united by cartilages, are enabled to
move upon each other with greater facility to the right and
left, in onc or more curves, alternately convex and concave,
than vertically, where the superior and inferior spinous pro-
cesses, more or less lengthened, interpose. It is therefore by
alternately striking the water with the trunk and tail, that
fish chiefly move forward, the pectoral fins operating as regu-
lators, and the ventrals both like oars and feet; both pairs
assist in ascending or descending, in which operation the
swimming bladder, placed under the spine, is commonly the
chief agent, being acted upon by the compression of the ribs
or otherwise, as the intended motion may require. 'This
purpose is effected by means of muscles, which in fish are, as
in other vertebrated classes, composed of fleshy fibres, more
or less red, and of tendinous fibres, white or silvery respec-
tively, in similar positions.

The chief of these are the pair of great lateral muscles,
extending from the head and shoulders to the base of the
caudal fin, representing the three bundles of the sacro-spinal,
in a very complicated form, but without indicating the dis-
tinctions of cervical, dorsal, and caudal, as in other animals.
They are separated from each other by the spine and its pro-
cesses, by the deep muscles of the interspinous bones, and by
the abdominal cavity. Their fibres are transversely divided
by aponeurotic bars, into as many successive strata as there
are vertebre. These when boiled offer the division in flakes
observed in fishes. They are placed obliquely to the spine,
in such a manner that their superior and inferior -por-
tions are directed the one forward and upward, the other
forward and downward, while the centre parts form an
arch with the convexity directed forward. The muscle is
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divisible into three bands lengthways. The upper appcars
to be the spirnous dorsal; the middle, the long dorsal, repre-
senting that which in tailed mammifera is the lateral lumbo-
sub-caudal; and the lower, the inferior lumbo-sulb-caudal,
together with the abdominal muscles. Upon the middle
band is perceived a slight groove, containing mucous vessels,
but it is not of any depth. In the flat or depressed gencra of
fish, these bands arc horizontal, and parallel to cach other.
Towards the tail, the great lateral muscles form an aponeu-
rosis, terminating in the shapc of tendinous slips at the rays
of the caudal fin; the whole apparatus producing flexibility
in a lateral and multifarious direction.

Between the great laterals, on the back, and often also
below, there are two slender muscles, attaching to the bases
of the dorsals and anal, giving them motion, and to the fish
a power of bending upwards or downwards, as much as its
vertebrae will permit. In the tail are three kinds of muscles;
some superficial, in the form of a fan, implanted on the
aponeurosis of the great lateral ; others passing from one ray
to another, and placed between them; and deep muscles
beneath both those, adhering to the end of the spine, and in
particular to the triangularly compressed vertebrze, which
forms its termination. The muscles proper to the dorsals and
anal fin being uniformly disposed, are six in number to each
ray, four deep and two superficial ; the latter inserted one on
each side, at the basis of the ray, and stretched transversely
across the great laterals, adhere to the skin; the former
almost entirely hid between the two great muscles of the body,
are disposed so as to raise or depress the fin. Of the muscles
of the shoulder, independent of the great laterals, there is often
one passing from the lateral posterior part of the cranium to
the anterior superior part of the humeral bone, affording a
covering to the membrane which serves as diaphragm between
the cavity of the gills and the general cavity of the body. The

¥e
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muscles of the pectoral fin are in two layers on cach superficies,
slightly crossing over each other, and terminating in tendinous
slips among the rays; the superficial anterior coming from the
humeral descends, the internal from the cubital bone ascends;
and the reverse obtains at the back part of the fin. The
bones of the pelvis are attached to the slender inferior mus-
cles before noticed, and by transverse muscles in some spe-
cies, where these bones are not united ; but the ventral fins
possess levators attached to the superior surface of the bones
of the pelvis, and depressors to the inferior surface ; forming
two layers on each side, resembling those of the pectorals,
and their serrated insertions between the rays having one
externally to spread the fin.

The jaws are acted upon by one single mass of mus
which closes them by drawing them together. It adheres
the whole external surface of the posterior part of the palato-
temporal arch, with all its bones, including the anterior edge of
the preoperculum ; from its anterior edge two tendons united
by aponeuroris proceed ; that from the superior angle to the
superior maxillary bone, the inferior to the lower jaw, behind
the coronoid process. In cartilaginous genera, there is, how-
ever, considerable difference. The lower jaw, having no.
digastric muscle, is opened only by means of the simultaneohs
action of the muscles which pass from the shoulder to the
hyoid, and thence to the jaw. This last muscle resembles the
genio-hyoidean ; but as in many species the lower jaw has the
power of approximating its two branches, there is a muscle
proper for that office, placed transversely in the angle which
they form. '

The muscles of the palato-tympanic arch are, 1st, one occu-
pying the roof of the palate, consisting of transverse fibres pass~
ing from beneath a part of the sphenoid and great ala to the
superior border and internal face of the arch, &c. It lowers,:
and brings the arches closer together, compressing the space
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of the branchial apparatus ; 2d, there is often another depres-
sor further back ; 3d, the levator of the same arch rising behind
the orbit, and inserted towards the summit of the temporal, is
the opponent of the former, and widens the palatine arcade
and the branchial space. Thus by the action of two articula-
tions, the movement of respiration is kept up in the animal
while life lasts.

The muscles of the operculum produce a movement similar
to that of the palatine arches ; they are placed behind it, one
external is the levator, adhering to the external crest of the
mastoidean, and serves to raise the gill; and the other inter-
nal, the compressor to close it, is fixed to the lateral inferior
face, where the great ala and petrous bone join it to the
_ astoidean. Ttis scparated from the depressor of the palatine
Farch by the bundle of superior anterior muscles of the bran-

chiwe. The sub-opercular and interopercular bones have no
particular muscles; they move with the operculum, and with
the palato-temporal arch ; and the muscles which approximate
the branches of the hyoid, and contract the branchiostegous
membrane, assist also in bringing the palatine and opercular
structures nearer together.

.The principal muscle of the hyoid bone corresponds to the
genio-hyoidean ; it comes from the internal surface of the
branch of the inferior jaw near the symphysis, is carried over
the hyoidean branch, and inserted upon the first of its two
great pieces. The two genio-hyoideans are often united by

- the transverse fibres; chiefly of their middle part. Moreover,
* the muscles placed between the branchiostegous rays likewise
draw the branches together of the hyoid, and a part of the
great lateral acts as a sterno-hyoidean. A layer of fibres lies
usually along the internal face of the branchiostegous rays;
some arise from the inside of the operculum, and pass over
‘the rays, adhering by cellulosity, and forming a kind of
purse round cach branchial cavity. A pair of muscles
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often occurs, mutually crossing each other, from the inferior
ray of a membrane to the anterior extremity of the opposite
branch of the hyoid. They extend the membrane, and bring
it nearer to that of the other side. There are besides small
particular muscles on cach ray; but not in all species.

The muscles of the branchial and pharyngeal apparatus
may be divided into several groups; some suspending it to
the cranium, others to the humeral bone, others to the hyoid,
while some are proper to the organ itself, uniting its different
parts together. One bundle is attached to the cranium, at
that part of the great ala and petrous bone which is beneath
the articular groove presented to the temporal by the posterior
frontal, and the mastoidean. It is composed of two ranges of
bands, four external, and two internal ; the first inserted on
the back of the four branchial arches, the second to the two
pharyngeals. These muscles raise the apparatus and dilate
the gills. Another bundle attached to the cranium behind
the depressor of the operculum, and extecnding to the extre-
mity of the mastoidean, consists of two bands, one anterior,
which reaches the fourth arch, and the other posterior, which
extends to the tissue of the pharynx. A third bundle consists
of a considerable muscle, passing from the third superior pha-
ryngeal, through the fibres of the pharynx, obliquely to the
spine. There is a particular muscle attached to the superior
part of the second arch, and to the side of the basis of the
cranium. Three muscles act upon the apparatus by means of
the inferior pharyngeal, to which they are attached ; and be-
tween these muscles and their fellows of the opposite side
the pericardium and heart of the fish are placed. The
muscles proper to the apparatus are four oblique on each side,
from the single chain of bonelets to the lower part of each
arch ; and also three superior transverse from the pharyngeal
to the nearest part of the arch. There is besides one inferior,
from oue pharyngeal to the other.
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We have thus far endeavoured to give a very epitomized
view of the skeleton and muscles, not without fear that where
so much is sacrificed to brevity, the subject may not be found
sufficiently clear to those who have not made comparative
anatomy a study; yet our limits compel us to be even more
concise on the remainder of this part of the science.

THE BRAIN.

The brain of fishes is remarkably small in proportion to the
bulk of the animal, the quantity of nerves arising out of it,
and the size of the cavity that contains it. The space thus
left vacant is often filled with a kind of soft cellulosity, or even
with oil or fat. In young fish it is not so considerable as in
adults; whence the inference is drawn, that the brain does
not increase in bulk, in proportion to the enlargement of the
cavity. The lobes of the encephalon arc placed behind cach
other, often representing a kind of double chaplet ; there are
also tubercles, conccaled within or beneath the great lobes.
The cerebellum is placed transversely upon the medulla, and
before it on the superior surface is seen a pair of lobes always
hollow internally, before which there is found a second, and
often a third pair of other lobes, generally solid. In the inte-
rior of the hollow lobes before the cerebellum, one or two pairs
of tubercles are usually placed ; and on the inferior surface of
the same part, under the hollow lobes, there is another pair of
protuberances, which we name the énferior lobes, having be-
fore them the pituitary gland. Behind the cercbellum are
other lobes, differing in number and form, and without evident
corresponding parts in the superior classes of animals; per-
haps the nearest analogy is with the olivary bodies, than
which, however, they occupy  a higher situation. These we
name posterior lobes. The relative size of the cerebellum is
rather considerable, and often surpassing in volume the parts
placed before it, and having either no lateral lobes, or only

13
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slight proeminences to indicate them. In the perch it resem-
bles a reversed Phrygian cap; in the mackerel the point is
turned forward ; in the tunny it is spread so as to cover nearly
the whole cucephalon. In the chondropterygians the forms
of the cerebellum are still more varied, and sometimes its sur-
face is furrowed. The kollow lobes are oval, and their shell
is distinctly divisible into two layers or tunics. The fibres of
the external tunic are grayish, and run lengthways, ending
mostly at the optic nerve; those of the internal are white and
transverse, lining the vault of the common ventricle which
these lobes contain.  Upon the floor of this ventricle, are two
or four tubercles of a grayish substance, and placed before the
base of the cerebellum. The medulla oblongata is easily ob-
served extending forward, sending its external fibres into the
hollow lobes, and its internal into the anterior lobes. There is
a commissure which unites the anterior parts of the base of the
hollow lobes; and behind it, and before the four tubercles,
opens the ventricle, corresponding to the third in the human
brain, and leading to the infundibulum and the pituitary gland.
By the sides of the infundibulum are the inferior lobes, usually
without a ventricle. These furnish fibres to the optic nerve, and
may therefore be regarded as the optic lobes in fishes. There
is a further singularity in the brain of these animals, consist-
ing in lobes placed behind the cerecbellum, on the sides of the
fourth ventricle, varying greatly in different species, and
often very large, forming even five successive tumefactions.
The olfactive nerves issue from the anterior tubercles; they
vary greatly in form and composition in different species.
"T'he optic nerves cross each other in front of the infundibu-
lum, without forming any further communication than through
the medium of cellular structure ; that on the right passes to
the left eye, that on theleft to the righteye. Their medullary
structure sometimes presents the appearance of a ribbon folded
lengthways, so as to fill the tube of dura mater which contains
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it. The distribution of the nerves is remarkably alike in
fishes and other animals of the superior classes, each pair
always preserving the same destination. The first passes
to the organ of smell; the second expands to form the
retina of the eye; the third, fourth, and sixth are supplied
to the muscles of the eye; cach passing to the same as in
mammalia and birds; that is the third nearly to all; the
fourth to the superior oblique, and the sixth to the ab-
ductor muscle. The fifth pair passes out of the cranium
by the opening of the great ala, and divides into several
branches, one ophthalmic; another superior maxillary; a
third inferior maxillary ; a fourth pterygo-palatine; a fifth
operculary; a sixth branch unites on the cranium with one
of the eighth pair, and passes along the sides of the dorsal
fins : sometimes it sends other branches also over the trunk
towards the anal fin. The seventh pair of nerves belongs, as
in other vertebrated animals, to the auditory apparatus; in
the eighth pair we can fully appreciate the constancy of
nature’s plan in the distribution of each nerve: for the glosso-
pharyngeal passes out of the cranium, and is distributed upon
the first branchia, and about it, and passes to the tongue,
where it radiates ; the par vagum passing out at an opening
of the lateral occipital bone, sends branches to the three latter
branchize, and to the inferior pharyngeals ; and the main nerve
continues to the pharynx, and follows the ccsophagus to the
stomach, in its course sending off branches which spread over
the diaphragm. Thus we have the samec distribution, only
modified by the respiratory organ being in a diflerent situation
from the corresponding viscus in other vertebrated animals.
From the par vagum one or even two other nerves proceed,
not analogous to any in other classes; the first passes to the
cxtremity of the tail, and in many species, after giving off a
superficial fibre, follows partly the lateral line, and passes
through the lateral muscles, receiving from the spinal nerves
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several direct ramifications. Butin other species this nerve is
altogether superficial, without communication with the spinal
nerve, or connected only by means of very slender threads;
the second nerve of the par vagum joins a branch of the fifth
pair, in order to constitute the dorsal nerve.

The last nerve of the cranium issues from the medulla
oblongata behind the eighth pair; after giving a branch to
the swimming bladder, it passes and spreads over the shoulder
on the muscles of the pectoral fin, and is anastomosed with the
first spinal nerve. The sccond spinal pair gives nerves to the
internal muscles, and to the posterior part of the same pectoral
fin. Those fishes whose pelvis is suspended from the humeral
bones, whether their ventrals be before or behind the pectorals,
receive the nerves allotted to them from the third and fourth
spinal pairs: the third supplying the muscles attached to the
pelvis, and the fourth principally the rays of these fins. The
same arrangement obtains in jugular fishes, the nerves turn-
ing back to the throat to attain the fins: but in abdominals,
the nerves supplying the ventrals, depart from pairs lower
down; as for example, in carps, where they arise from the
seventh and eighth spinal pairs.

Chondropterygian fishes arc similarly supplied with nerves
from the cranium, but those of the pectorals have a greater
variety of origins.

EXTERNAL ORGANS OF THE SENSES.

The senses of smelling, seeing, and hearing, are given to
fishes by means of organs, analogous to those of other classes,
and placed in the same manner. The cye, situated in a cavity
of the head, as already noticed, varies in size, direction, and
position. In some these organs are directed towards the sky,
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directed even somewhat downwards; but the most extraor-
dinary positions are those noticed in pleuronectes, where both
are placed on the same side of the head, one above the other.
In some specics of the eel and silurine genera, they are so dimi-
nutive, as scarcely to be seen, in others, as is thc case with
priacanthi and pomatomi, they are of a diameter proportion-
ably larger than in any other known animal. In general fish
have large eyes, and in particular the pupil is very broad and
open, such as we would expect it to be for creatures who
require great powers of vision, in the deep where light pene-
trates scautily.

The eye has no real eyelids, the skin passing over it, mostly
in a transparent form, to admit light, is occasionally opaque,
as in the ceciliz and gastero-branchi, and conceals the vestige
of the eye altogether. It is without a fold upon the eyes of
eels, but forms a kind of adipose doubling before and behind
on those of mackerel and herrings. In sharks the fold is
more moveable, and in diodon luna it is puckered round the
eye, and inwardly furnished with fibres, forming a kind of
sphincter, counteracted by others in a radiating direction.

The eye-ball is capable of little motion ; as in man, it is
furnished with six muscles, four direct and two oblique; but
the superior oblique wants the pulley to change its direction
as in quadrupeds, and the funnel shaped muscle is also
wanting. The vacant space between the orbit, the muscles,
and the eye-balls, is occupied by a soft cellulosity, replete
with gelatinous fluid, but there is no lachrymal gland, or
puncta, which, in truth, would be superfluous to animals whose
eyes are constantly bathed by the clement they inhabit. Rays
and sharks have the eye-ball fixed upon a moveable carti-
laginous pedicle. The anterior surface of the eye is generally
plain, or but slightly convex, and the aqueous humour not abun-
dant; the rest of the ball is more or less spherical, only some-
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times irregular. The summit of the ball in rays is flat, form-
ing it into a kind of quarter of a sphere. That of anableps is
singularly formed; having two cornew separated by an opaque
line, and two pupils opening in the same iris, so that it appears
double ; but there is but one vitreous humour, one crystalline,
and one retina. The crystalline of fishes is voluminous, leaving
little space for the vitreous ; the lens is very hard, and remains
transparent even in spirits of wine, The ball has four or five
tunics; the sclerotic or external tunic is thick, fibrous, and in
most species supported by two cartilaginous pieces, wrapped
in its texture, which often becomes ossified. Anteriorly the
sclerotic opening surrounds the cornea ; the cornea is lamel-
lated as in other animals, the internal lamella being often
coloured yellow or green. Internally a thin membrane of a
golden or silver colour surrounds all the parts, and spreads
even before the iris, producing that beautiful metallic effect
generally visible in the eyes of fish.

The pupil is but rarely provided with the faculty of altering
its diameter : rays and soles, however, have a singular pro-
duction, shaped like a palm upon the superior border of the
pupil, which can close the opening somewhat like a window
blind ; the posterior part of the iris consists of another mem-
brane, extending over the whole inside of the eye, and usually,
on the interior surface, coloured black. It can bedividedinto
two layers ; the internal, which is the true Ruyschian, and
the external, properly a vascular and thicker substance,answer-
ing to the choroid. Between the last-mentioned membrane
and the metallic coat which envelopes it, there is an apparatus
solely found in osseous fishes, consisting of a band or roll vari-
ously twisted,and forming an irregular incomplete ring, encom-
passing the optic nerve, so as to represent a considerable
crescent, sometimes divided into two parts, but always open
at the inferior side. It is always very red, being composed
of a tissuc of blood vessels. The use of this organ is un-
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known ; it is conjectured merely to be an erectile texture, and
to have some influence in adapting the visual organ to different
densities of medium and different distances.

From the above remarks on the spherical form of the crys-
talline, the immobility of the pupil, and the difficulty of
changing the length of its axis, it may be assumcd that the
sight of fishes is very imperfect. The images upon their
retina must appear confused, and it is therefore probable that
they are not susceptible of receiving very precisc impressions
of forms of objects. It is nevertheless true that they perceive
their prey even at some distance, by the eye alone, since arti-
ficial flies can deceive them.

The ear of fishes consists almost. solely of the labyrinth;
and even that is much less complicated than in quadrupeds
or birds. There is no external ear, unless the small cavity
slightly turned in a spiral direction, which is placed before
the mcatus externus in rays, and is entircly covered by the
skin, deserves that name. Osscous fishes have no such cavity
nor meatus ; a few only, lepedoleprus, macrourus, and some
mormyri, have openings in the cranium closed by the skin,
and capable of communicating mediately with the labyrinth.
Others like myripristes have the cranium open below, but
covered by a membranous partition which adheres to the
swim bladder; but these communications are very different
from those which take place by the tympanum or by the
eustachian tubes’. Fish are in fact deprived of both these
organs, and of the bomnelets appropriated to the tympanum.
In most osseous fishes all the membranous labyrinth is sus-
pended in a chamber of the cranium, formed by a lateral
excavation in the great chamber of the encephalon. Of the
bony labyrinth thére remain no other vestiges than some

* The connection between the auditory apparatus and the swim bladder
is very remarkable in several species of fresh water fish of the Ganges, and
others from the salt water estuaries of its Delta.
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osseous or membranous freena, surrounded by semi-circular
canals, and the cavity in the face of the cranium, above
the basilary bone, containing the bag commonly appended to
the vestibulum, filled with gelatinous liquid. In this, and in
the vestibulum, there are usually several bonelets, or rather
calcareous, or testaceous nodules, in osseous fishes, and re-
sembling starch in chondropterygians, of such determined
forms that the osseous speciecs might be readily distinguished
from each other by this criterion alone. Several genera, such
as carp, cat-fish, loches, &c. have received a special appara-
tus, by which anatomists have surmised that the deficient
organs of the ear arc in a great measure supplied ; but these
form exceptions, and it may still be asserted, that fishes have
not hearing sufficiently delicate to distinguish varieties of into-
nation. That sound produces concussions acting powerfully
upon them without the perception of modulation is evident,
and hence they are scared by thunder, and fishermen practise
silence while engaged in casting their net; but still all that
the hearing of even the best endowed species can claim, is
that a few of them can be called together by a bell, a whistle,
or, as the ancients assert, can be made to know their names.
The nostrils are not constructed in such a manner as to
allow either air or water to traverse them in respiration.
They consist of two excavations, formed towards the point of
the snout, lined with a pituitary membraue, disposed in very
regular folds; they are oblong, oval, or round, placed at the
point of the head, on the sides, and sometimes on the upper
surface of it. In the lamprey they are near the summit of the
head, and unite to form a single opening ; in squali and rays
they are on the inferior side, near the angles of the mouth.
Most if not all osseous fishes, have what is called double
nostrils ; that is, two openings on each side of the head,
but the two form in reality but one cavity; the anterior
orifice is often tubular, those of the angler are in the
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shape of mushrooms standing on pedicles ; several congers
have the posterior opening under the lip. According as the
cavity is round or lengthened, the pituitary membrane is
folded in radii from the centre, or plaited on the two sides of
an axis in regular pectinations, like the barbs of a feather,
which in some cases, as in sturgeon, are farther subdivided in
smaller branches ; upon their surface are numerous ramifica-
tions of minute vessels, and upon them there is a mucous
fluid : the olfactory nerve, issuing from the anterior tubercles
of the brain, is single, double, or in several threads. In some
it swells into a ganglion on reaching the nasal cavity; in all
cases its fibres traverse all the folds of the pituitary membrane
with great regularity. It may be conjectured that the number
and extent of their folds indicate the degree and power of
this organ of smell in the species ; but this power is still only
comparative. Finally, it is not impossible that the delicate
pituitary membrane gives also the faculty of distinguishing
the substances impregnating water, not odorous in themselves,
but of a nature to be avoided by the fish.

The organs of taste appear to be weak in ammah who
almost invariably swallow their food without mastication.
Even those whose jaws are provided with teeth, fit to cut and
bruise their aliment, cannot keep it long in the mouth, on
account of the position and play of their respiratory organs;
no salivary glands lubricate the parts with a moisture proper
to enliven the sense of tasting, and those parts are in them-
selves sufficiently insignificant. There are species which
have not even a prominence in the mouth that can be called a
tongue : no fish have one provided with muscles proper for
extending or inflecting it as in mammalia. Where the tongue
is the most fleshy in appearance, it is composed of cellulous
and membranous matter, fixed on the anterior part of the
lingual bones : the surface is commonly furnished with teeth,
sometimes so closely disposed as to form a kind of pavement,
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inclosing all remains of what might exist of sensibility in the
organ beneath, which receives but a scanty supply of nerves
from the glosso-pharyngeal ; some portion of the palate or of
the pharynx may however supply for the deficiency of the
tongue, and possess gustation. Thus we find in carps, at the
entrance of the throat, the roof of the palate lined with a
fleshy substance, thick and soft, abounding with nerves derived
from the eighth pair, and which being opposite to the pharyn-
geal teeth, seems to furnish the requisite dispositions for
supplying the gratifications of the taste of food; but it is
nevertheless difficult to establish this conjecture upon solid
foundations: this organ has however a peculiar kind of irri-
tability ; if it be but touched or pricked that part of the
surface will rise, and for a few moments assume the form of a
conical button ; the same effect may be produced successively
on every part of the organ while vitality remains, which we
know continues in carps for some time after the head has
been taken off the body.

The organs of touck in fishes are as imperfect as those of
tasting. 'Without prolonged members, and in particular
without flexible fingers capable of grasping, they can scarcely
explore the forms of objects by any other means than by
their lips. The appendices or barbels which siluri, loches,
several gadi, and cyprini, have round the mouth ; the fila-
ments or rays, springing from the pectoral fins of gurnards
and polynemi ; the moveable rays on the heads of anglers,
serve more to give notice of the approach of strange bodies,
than to ascertain their form and other tangible qualities, and
nevertheless within the limits prescribed to them, their organs
are very sensitive, and possess nerves remarkably large. The
external covering of fish, particularly when. composed of
scales, cannot possess much sensibility. But there is in this
particular an infinite variety of modifications: from the per-
fectly naked skin of lampreys, or that of eels, furnished with



FISH IN GENERAL. 81

small thin scales, sunk in a thick epidermis, to the bony
shields which occur on the sturgeon, and the inflexible cuirass
of trunk-fish (ostracion), formed by their being soldered
together. The scales of fish consist of a corneous, and often
of a calcareous substance, chemically resembling the compo-
sition of bones and teeth. 'They are usually imbricated;
that is, overlapping each other like tiles. Some are very
thick, entirely stony, very close, but scarcely overlaying, and
forming a real tigulated armour, as we find it in lepisosteus,
bichir, &c. In the species of eels, the scales are not con-
tiguous, but strewed very closely, and incrusted in the
epidermis. Turbots and cyclopteri, are provided with some in
the form of counes or tubercles, adhering by their base with
naked spaces round them; similarly formed scales, but re-
duced in size to small points, cover the body of most tetrodons.
In diodon these points become long spines, with an enlarged
basis to support them. The sharp granulations on the skins
of dog-fish, and of most chondropterygians, are also a kind of
scales in the form of a rasp, which, when sufliciently close,
can be polished down, and become what is termed shagreen.
But the most complete scales, which show their aflinity to
teeth, are the thorns on the back of rays; their oval and
raised basis is hollow, and reccives vessels to feed a pulpy
nucleus, greatly resembling that of a tooth.

From the dermis is secreted beneath the scales, that bril-
liant silvery substance which confers a metallic lustre upon
so many fish: it is composed of small laminwx, resembling
burnished silver, capable of being removed by washing from
the skin or from the under surface of the scales, and with this
substance the well known false pearls are coated. In many
species of fishes it is likewise secreted in the thickness of the
peritoneum, and about the swim bladder. Scales extend
more or less upon the fins, and in the squamipinnz, the
dorsal and anal fins, are covered with them almost as com-

G
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pletely as the rest of the body. ‘Those on the lateral line are
distinguished from others by one or several little tubes passing
through them, and often by other particularities. There are
also instances of the scales forming the lower edge of the
belly, being compressed, sharp, and in their arrangement
presenting a kind of external sternum, resembling a saw, as
may be seen in herrings and serra-salmons. The kind of
teguments furnished by scales is very proper for protecting
the animal against the shocks and frictions to which it is
exposed, and for facilitating natation ; but offers little protec-
tion against changes of temperature. Fishes are, however,
less sensible of cold than birds or quadrupeds, because the
temperature of the surrounding medium is about equal to
their own.
The organs of nutrition of fishes are analogous to those of
other vertebrated animals: they take and divide their food
with the teeth; it is subjected to a first digestion in the
stomach ; thence passing into the intestinal canal, it is im-
pregnated with the bile discharged from the liver, and
usually also with a liquid like that of the pancreas; the
nutritive juices, absorbed by vessels analogous to lacteals,
and perhaps also in part by a direct action of the veins, are
mixed with the venous blood, carried to the heart,and thence
to the branchim, where the contact of the ambient. element
converts the mixed fluid iuto arterial blood, which then pro-
cceds to nourish the whole system : some parts of it are, how-
ever, carried off in transpiration, in the form of liquids oozing
through the skin, and finally by the reins and urinary appa-
ratus. We must therefore say a few words relative to the
organs of manducation, digestion, circulation, respiration, and
of the excretions.
Manducation and teeth. We have already shown how
fish seize their prey and swallow it; this being chiefly per-
formed by means of the teeth, it is proper to notice them
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more particularly. Fish may have teeth adhering to all the
bones which form the inner surface of the mouth and of the
pharynx ; they may be found on the intermaxillaries, the
maxil]aﬁes, the palatine, the vomer, the tongue, the branchial
arches, and the pharyngeals; there are even gencra possessed
of teeth upon all these bones, either entirely similar, or partly
of different characters; but several of these bones may be
without teeth, and there are also genera entirely deprived of
them. To indicate their position, they are denominated
intermaxillary, maxillary, mandibulary, vomerian, palatal,
pterygoidian, lingual, branchial, and superior and inferior
pharyngeal. In form they vary no less than in position,
requiring still more numerous distinctive appellations ; they
represent most commonly cones and hooks, more or less sharp.
‘When these hooks are numerous, and formed in several rows,
or in quincunx, thev are said to be carded, or in cards;
they are often also subulate, and so close, as to offer to the "
eye an idea of plush or velvet, and if they be at the same time
very short, they represent smooth velvet ; but if long and
flexible, they may be termed brushes; finally, very small and
short teeth, more readily detected by the touch than by the eye,
form simple asperities. Beside these kinds, there are sharp
teeth in the form of wedges, which may be serrated, or
fined to a point in the middle.  Other teeth are round,
hemispherical, or oval. The round kinds may be disposed
in several rows, or closed so compactly as to resemble a
pavement, such as on the palate and tongue of glossodontes,
and jaws of thornback; others again are pointed, compressed,
and sharp-edged on both sides, as in trichiurus ; others with
the crown flattened, ‘and embossed with raised lines, as in
the pharynx of carps; or swelling into a clavate form, ob-
servable in other cyprini; and finally, teeth with a tubercular
crown, as observed in myletes.

The teeth are always simple, reared upon a pulpy germ

' G 2
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equally simple; their growth is by layers, as in mammiferz ;
but it never extends to the formation of roots fixed into
alveoli. As in monitors, and some other saurians, they con-
sist merely of the crown, and when this part is complete, the
pulpy nucleus upon which they are formed becomes ossified.
When the tooth must be shed, it breaks off ; the ossified foot
becomes united with, and is converted into part of the jaw.
There is, however, some exception to this rule ; as, for exam-
ple, in the anarrhicas, whose bony nuclei being prominent,
and larger than the teeth themselves, are shed with them in a
manner probably analogous to the shedding of deer’s antlers.
Teeth are reproduced during a great part of the life of fishes,
and to all appearance without fixed periods; the new tooth
rising before, beside, or behind, the one it is destined to re-
place. Vertical reproduction is most common for round teeth,
which rise from a cavity seated deeper than the nucleus of the

“ preceding, and pierce the bone after the former is obliterated.
Those which are replaced laterally are mostly the great
conical hooked, or cutting teeth; they pierce the bone by the
side of the tooth still in its place.

Among the more curious dentitions are those of the inferior
pharyngeals of carps, forming half collars in the pharynx;
and the triangular enamelled plate in the basilary bone.
Those of scari, forming a kind of parrot’s bill. Those of
tetrodons and diodons, whose entire jaw is armed with only
two, or even one compound tooth. Those of chimzre and
mylobates, also compound teeth, rising from a multitude of
germs in the form of filaments, and forming plates covered with
a common enamel. Those of lampreys, consisting of thin
cornets, formed upon fleshy moulds. Finally, in squali, the
nucleus of the teeth remains for a long time cartilaginous and
flexible, so that the reserve teeth arc laid back against the
palate ; but the moment a necessity comes for their employ-
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ment they are erected, and their base grows speedily hard and
resisting.

Deglutition. Most osseous fishes having no muscles in
the lips, or if they be fleshy, none proper to retain the ali-
ment in their mouths, have on the inside of each jaw, behind
the anterior teeth, a kind of membranous valve, formed by
means of a fold of the internal skin, and turned towards the
gullet, preventing in particular the water taken into the mouth
for respiration from escaping back again. Aliment also, held
by the teeth of the jaws, retained by the valve, carried further
back by the teeth of the palate and tongue, when they are
found in the species, is prevented passing between and injur-
ing the respiratory apparatus, by the denticulations upon the
branchize. 'The action of the jaw and of the tongue operates
only in the direction of the pharynx, where the food is further
acted upon by the pharyngeal tceth, which both triturate
and force it onwards into the cesophagus. This viscus is
covered with a layer of strong muscular fibres, closely joined,
and forming sometimes divers fasciculi, whose contractions
force the alimentary bolus towards the stomach, and thus
complete deglutition, for fishes being destitute of neck, the
cesophagus is necessarily very short.

Intestinal canal. The digestive organs are inclosed in the
abdominal cavity, which is separated forwards from that con-
taining the heart, by means of a kind of diaphragm of small
dimensions, composed of extensions of the pericardium and
peritoneum, and containing within its texture the great
venous sinus. Another cavity extends along the spine, con-
taining the kidneys and the swim-bladder. It is divided from
the abdomen, propeﬂy so called, by the peritoneum, which
as in other animals forms also a fold to suspend the viscera
it contains, namely, the intestinal canal, the liver, spleen, and
pancreas, when there is one. The organs of generation and
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urinary bladder are likewise contained. in a fold of the peri-
toneum. .

There are two remarkable oinenings on each side of the
anus in many fishes, such as rays, squali, sturgeons, lam-
preys, salmon, &c. ; through which the interior membrane of
the peritonewmn becomes continuous with the epidermis, and
assumes a mucous character : two other openings, at least in
rays and squali, extend this continuity to the pericardium
and entire lining membrane. The intestinal canal is com-
posed of the same tunics, and the variations they suffer,
and folds they form, are analogous to those of other ver-
tcbrated animals. The internal folds of the @sophagus
are in general longitudinal; its cavity is prolonged to the
bottom of the cul-de-sac of the stomach. Sometimes, as in
labri, this cul-de-sac is wanting; and instead, there is only a
slight dilatation of the canal ; but more commonly the stomach
forms a bend, or gives off from a part somewhere ncar the en-
trance on the right side the branch which terminates at the
pylorus. This branch running transversely, or even upwards,
sometimes, asin salmon, thymallus, and mugil, becomes in the
tunic of such muscular density, as to assume the character of
a trne gizzard.

The conditions of the ventricular sack are infinitely varied ;
the thickness of the membranes, and folds, &c. would de-
and separate articles to be fully discussed. The intestinal
canal varies in like manner in breadth, length, and folds; is
miore or less dense, villous, &c. ; but there is never a cecum,
as in quadrupeds. One of the most remarkable folds in the
intestines of fishes is the spiral valve of rays, squali, and stur-
geons. Near the pylorus, many species have caecal appendices,
sometimes in considerable number, within the doublings of
which a viscous liquor appears to be generated, supplying, it
is supposed, the office of the pancreas; and as fishes are in
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general deprived of salivary glands, they likewise perform
their office.  Scombri and gadi are abundantly supplied with
them, while in labri, siluri, cyprini, and lucii, they are entirely
wanting. The vent is placed in very different parts, and
does not depend on the position of the ventrals, excepting
that in no case is it found before them ; nor is it ever further
back than the commencement of the tail, although the abdo-
minal cavity is often prolonged in the form of a sinus consi-
derably farther back than the opening of the anus.

The spleen is likewise found in different locations; it
varies in size, but is never found wanting, nor more than one.
In general, it lies about the middle of the folds of the intes-
tinal canal, receiving arterial blood only, and after claboration
transmitting it to the liver, which also receives the blood of
nearly all the intestines. The liver is usually large, and placed
somewhat to the left; in figure, and in the number of lobes,
it varies cxccedingly, but there is always a gall-bladder;
the ecxcretory ducts sometimes, as in tetrodon mola, Lin.,
opening into the stomach. 'The hepatic ducts are sometimes
numerous. The mesentery is very incomplete, often reduced
to a few frena, in which the vessels and nerves are wrapped
up; this tunic is often prolonged into appendages filled
with oily grease, and constituting real epiploons. No con-
glomerated glands appear in the mesentery, and nevertheless
it is furnished with lacteal vesscls, as in other animals; ab-
sorbent vesscls are in fact as numerous; and it may be infer-
red, that nature follows in fishes the same system of absorption
as in other vertcbrated animals.

Circulation. Tish, like warm-blooded animals, are pro-
vided with a comi)lcte circulation for the body, another
equally complete for the organs of respiration, and with a
particular abdominal circulation, terminating at the liver by
means of the vena portx ; but the particular character of this
part of their organization consists in the branchial circulation
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alone being provided at its basis with a muscular apparatus,
a heart corresponding to the auricle and right ventricle of the
other class of animals just mentioned, and that they have
nothing similar at the basis of the circulation of the body;
in other words, that here they are entirely deprived of an
organ to represent the left auricle and ventricle, their
branchial veins changing into arteries without a muscular
inclosure.

The muscular apparatus of their circulation is composed of
the auricle, the ventricle, and of the bulb of the pulmonary
artery, the auricle being preceded also by a large sinus where
all the veins of the body terminate ; thus four cavities sepa-
rated by contractions are successively traversed by the blood
in passing from the body to the branchiz. Their size is
inconsiderable when compared with the bulk of the body,
and does not increase in the same ratio with the growth of
the animal. ‘Three of these receptacles, the auricle, the
Leart, and the bulb, arec lodged within the pericardium,
which is itsclf situated below the pharyngeal bones, between
the inferior parts of the branchial arches, and externally pro-
tected by the humeral bones. The great venous sinus is not
placed within the pericardium, but between the external
membrane of that cavity, and the membrane which represents
the diapbragmn. This sinus lying transversely, receives by
different trunks the veins of the liver, of the organs of gene-
ration, the kidneys, the fins, the branchiz and throat, and
finally, those of the head; which last partly pass themselves
through a sinus at the back of the cranium. The whole of
the bloud thus collected in the sinus passes, by a single ori-
fice in its anterior convexity, into the posterior part of the
auricle, where there are for this purpose two membranous
valvalic opening towards the auricle. 'This organ, placed be- -
fore the great sinus, and within the pericardium, is above the
ventricle that is against its dorsal surface, and presents very
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different configurations in different species. The orifice
opening from its inferior side into the superior face of the
ventricle, is likewise furnished with two valvules, represent-
ing the mitrals in man, but more simply attached. In
osseous fishes, the ventricle is most usually of a tetrahedral
form; in the cartilaginous it is rounded and often depressed.
1t lies beneath the auricle, the cavity turned so as to be
almost vertical next the auricle, and horizontal towards the
bulb. The coats are very robust, furnished interiorly with
powerful fleshy supporters, their substance formed of two
very different layers; the internal having fibres more trans-
verse, and the external others more longitudinal; both so
little united, that they sometimes cease to be continuous, and
appear to form a second ventricle, but this may be a result of
incipient decomposition.

In the bulb of the branchial artery are found the strongest
fibres, mostly disposed in a circular manner. It communi-
cates with the ventricle by means of two or three membranous
valvules; but in cartilaginous fishes there are often more
valves, and sometimes they are of a fleshy nature. The prolon-
gation of the bulb passes out of the pericardium, becomes the
branchial artery, and penetrates forward beneath the chain
of single bonelets that connects the branchial arches. It is
soon divided, throwing off a branch to each branchia ; these
branches pass along a groove situated on the inside of each
arch, more externally than the vein running along the same
curve, but in an opposite direction. To the arch a great
number of leaflets are attached, in parallel ranges, ordinarily
terminated in forked points, often deeply indented. The
great branch passing along the arch, gives off a smaller to
each of the leaflets, where it bifurcates twice, and spreads
into a multitrde of minute vessels, meandering upon the sur-
face of each leaflet, until they are finally converted into
very small veins. These all terminate in one of the branchial
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veins which pass along the internal border of the leaflet,
and both open into the greater vein of the arch, so that these
carry back the blood which the arteries have brought for-
ward. But in passing out of the dorsal part of the branchiz,
the branchial veins assume the structure and functions of
arteries; even before their arrival at this point, the anterior
send several branches to different parts of the head, and it is
proper to remark, that the heart and several parts lying in the
breast receive blood from a branchial vein, by means of an
offset issuing nearly from its source, and therefore much an-
terior to its exit from the branchia; nevertheless, it is only
when the trunks of the four branchix are united, that the
great artery is formed, which supplies the viscera and parts
of the body, and is therefore the artery which represents the
aorta of mammifera, although it is destitute at its basis of
both ventricle and auricle. For the left cavities of the heart
of mammalia, we here find substituted a simple vascular
apparatus, situated above the branchiz, while the right cavi-
ties, which are properly represented, lie beneath them.

The aorta already noticed gives off at the beginning a large
branch for the viscera, variously distributed in different spe-
cies, to the liver, the stomach, intestines, spleen, genitals,
and swim-bladder; and after feeding, by means of other
branches, the kidneys, the intervals between the ribs, and the
muscles of the trunk in general, it passes on into the annuli,
beneath the caudal vertebra, and follows the direction of the
spine. The blood distributed into the head, the trunk, the
branchial apparatus, the genitals, and swim-bladder, returns
towards the heart by the great venous sinus; but with the
exception of some ramifications, that of the stomach, intes-
tines, and spleen, passes to the liver by the vena porte, which
is a communication liable to be greatly diversified in different
species of fishes.

Respiration. The blood of fishes is exposed to the influ-
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ence of the ambient liquid by means of an almost infinite
subdivision of vessels on the surface of the branchial leaves;
that liquid is water passing incessantly through the branchie
by means of the jaws, and the opercular and hyoidean appa-
ratus acting in concert, as in other animals it is performed
with air; but the action of water upon the blood is much
less powerful than that of air. It is not by means of the
liquid, nor yet of the oxygen contained in it, but by the small
quantity of -air mixed with and held in solution in the water,
that their respiration is carried on; for if the air be expelled
by ebullition, they caunnot live in it, and many species are
obliged to rise to the surface for the purpose of breathing
in the atmosphere, particularly when the quantity in the
water is exhausted. This is proved in several cases by
merely keeping fish below the surface under a net of gauze,
which is sufficient to suffocate them.

As with other animals, in respiration, both atmospheric air
and that contained in water give off their oxygen. But the
absorption of oxygen is trifling, for it has been calculated
that a man consumes of it fifty thousand times more than will
be required by a tench. Fish perish when exposed out of
water, not so much for want of oxygen, as because their
branchiz become dry, and the blood cannot circulate in them
with sufficient freedom. Hence the species whose branchial
openings are small, as the eel, or those who possess a re-
ceptacle for water, like anabas and ophicephalus, remain
alive longer in the air, than those whose gills are very open,
like the herring, who expire at the instant they are drawn out
of the water. It is remarked, that many fresh water species
which are subject to be at times deprived of water, have
organs of respiration of peculiar structure, and often admit-
ting of air more highly oxygenated than is the case with
others, and thus have a greater tenacity of life. 'There are
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labyrinthiform cavities in the head, and they often have be-
sides peculiar swim-bladders.

Secretions. The secretions of fish are performed through
the skin, or through special secretory organs. The kidneys,
ureters, and bladder, with its cxternal opening behind the
vent, the reverse of what obtains in quadrupeds, perform the
urinary functions. Different humours elaborated in parti-
cular vessels, opening externally, moisten the skin in different
places. In general it is a mucus not easily diluted in water.
In rays, there is for this purpose a great vessel surrounding
the nose, with several branches, and a white receptacle or
bag at each angle of the branchiwz, from whence other vessels
radiate to distant points of the skin. Sharks have the snout
filled with a kind of mucilage, and vessels leading from
thence along cach side of the body. Gadi, cels, &c. are
equally provided with similar vessels. The lateral line
usually is possessed of a secretory structure, operating
through the tubes which perforate the scales of that part.
One of the most remarkable secretions is the air found in the
swim-bladder, which in numerous genera has no external
communication. The organ is composed of a very fine inter-
nal tunic, and of an external coarse and fibrous one. It is
inclosed within the general coating which the peritoneum
spreads over all the viscera. It is variously formed, simple,
forked, divided into two, or even three compartments; sup-
plied with several appendices, and opening into the intestinal
canal, the @sophagus, or the stomach. It contains in ge-
neral azote, mixed with particles of oxygen or carbonic acid,
and in fishes habituated to live at great depths, the oxygen
has been found so high as forty, and even, in one case related
by M. Biot, as eighty-seven per cent.

The most obvious use of the swim-bladder is to keep the
animal in equilibrium with the water, or to increase or reduce
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its relative weight, and thercby cause it to ascend or sink in
proportion as that organ is dilated or compressed. For this
purpose the fish contracts the ribs, or allows them to expand.
Certain we are, that when the air-bladder is burst, the animal
remains at the bottom, turns up the belly, and becomes defi-
cient in the powers of motion. A curious phenomenon is
observed in fishes caught with hook and line at great depths,
and drawn up suddenly: for the air contained in their swim
bladders expands, as they are ascending, more rapidly than
they can counteract by compression, and either it bursts, and
the abdomen becomes inflated, or by expanding forces the
asophagus and stomach out at the mouth. With regard to
the presumed assistance which the swim bladder affords in
respiration, it is a fact that when a fish is deprived of that
organ, the production of carbonic acid by mecans of the bran-
chiw, is very trifling : but there is no suflicient foundation for
assuming that it offers any analogy to lungs. There are how-
ever grounds for admitting, that in many species, in whom
the anterior part of the swim bladder approaches the auditory
apparatus, an additional power of hearing is thereby conferred,
and swmall bones considered as analogous with the malleus
incus and stapes, appear to be in contact with it in several
Gangetic fishes.

But whatever the use and importance of this organ may be,
there remains the difficulty of explaining why it should have
been denied to a great number of species, not only of those
whose habits require a constant residence on the floor of the
waters, such as rays and pleuronectes, but also to others who
do not appear to yield to any in velocity and activity of life.
Such, for instance, ‘as mackerel, for in this case the presence
or absence of the swim bladder is not even in conformity with
the other organs of the fish, there being a species (scomber
pneumatophorus) very similar in other respects to the common
mackerel, and yet provided with an air bladder, although no
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such organ occurs in its congener. Polynemus paradiseus is
without, but all the others of the genus have one; in the
sebastes it is very large, but in the next genus scarcely the
size of a pea. Some conjectural inferences on the modification
of the manners and character of the species resulting from the
possession or the privation of this organ, may however be
offered, such as we have already produced, and may again
refer to in the particular reviews of the greater sections or
families of this class.

The electrical shocks which it is in the power of some
species of fish to give other bodies, present another striking
singularity in their structure, particularly as the organs used
for that purpose are no less different among them than they
differ from all other species of organs. In torpedos the
apparatus consists of membranous tubes, filled with mucosity,
and divided by transverse partitions closely pressed together,
like honey-combs ; it is placed on each side of the head, and
provided with enormous branches of nerves from the fifth and
eighth pair. In gymnoti the whole of the under part of the
body is densely furnished with parallel laminz, separated by
thin layers of mucilage. In silurus two layers of different
substances are interposed between the skin and the muscles,
over the greater part of the body, the exterior of which is
cellulous and aponeurotic on the internal 